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Abstract 22 

Considering that several recent cases of human gastroenteritis have been associated with species 23 

from the Arcobacter genus, and that few data are currently available about the occurrence of this 24 

genus in Italian shellfish, the aim of the present study was to evaluate the occurrence of Arcobacter 25 

spp. and the presence of virulence-associated genes. The approach consisted of cultural and 26 

biomolecular (multiplex-PCR and 16S-RFLP) methods identifying isolates, followed by PCR 27 

assays aimed at the cadF, ciaB, cjl349, irgA, hecA putative virulence genes. Arcobacter spp. was 28 

detected in 16/70 (22.8%) shellfish samples. Specifically, Arcobacter spp. was highlighted in 10/42 29 

(23.8%) mussel and in 6/28 (21.4%) clam samples. Subsequently, biomolecular assays revealed A. 30 

butzleri in 12/16 (75%) and A. cryaerophilus 1B in 4/16 (25%) isolates. PCRs aimed at the five 31 

putative virulence genes demonstrated widespread distribution of these genes among Arcobacter 32 

isolates and some differences from the results published by other authors. Our research provides 33 

more information regarding the health risks associated with the consumption of raw bivalve 34 

molluscs and underlines the need to implement an adequate control plan by performing intensive 35 

and continuous monitoring in order to guarantee human health. 36 

Keywords: Arcobacter, food-borne pathogen, bivalve molluscs, putative virulence factors 37 

 38 

1. Introduction 39 

Each year, food-borne and water-borne zoonotic diseases affect tens of millions of people (Painter 40 

et al., 2013). Most reports of food and water-borne illnesses are associated with the consumption of 41 

food of animal origin (eggs, mixed foods, fish, molluscs, chicken, dairy) or of contaminated water 42 

(EFSA and ECDC, 2015). The prevalent etiological agents involved in the outbreaks are bacteria 43 

(Camplylobacter jejuni, Salmonella enteritidis and S. typhimurium, verocytotoxigenic E. coli, 44 
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Listeria monocytogenes), viruses (caliciviruses) and parasites (Cryptosporidium parvum, 45 

Cryptosporidium hominis) (EFSA and ECDC, 2015). Despite advances in food safety, in some 46 

cases, the causative agent associated with disease may be underestimated or unknown due to the 47 

lack of a specific protocol for their detection and identification in clinical laboratories (EFSA and 48 

ECDC, 2015; Figueras et al., 2014; Levican et al., 2013; Ramees et al., 2014). 49 

Recently, several cases of human gastroenteritis have been associated with some species belonging 50 

to the Arcobacter genus, a Campylobacter-like organism, able to grow and survive both in aerobic 51 

and microaerophilic conditions, at temperatures below 30 °C, which differentiates them from the 52 

Campylobacter species (Figueras et al., 2014; Van den Abeele et al., 2014). 53 

Arcobacter is a bacterial genus of Gram-negative, slightly curved rods, positive for oxidase and 54 

usually motile, found both in animal and environmental sources (González and Ferrús, 2011; 55 

Tabatabaei et al., 2014). This genus currently encompasses 22 species (Levican et al.; 2015; Nieva-56 

Echevarría et al., 2013; Whiteduck-Léveillée et al., 2015; Zhang et al., 2015), some of which have 57 

been associated with human and animal illnesses: A. butzleri and A. cryaerophilus have been 58 

associated with diarrhea and enterocholitis and occasionally with bacteriemia, endocarditis, and 59 

peritonitis (Collado and Figueras, 2011; Figueras et al., 2014; Hsueh et al. 1997; Kayman et al., 60 

2012; Lau et al., 2002; Lerner at al., 1994; McGregor et al., 2015; On et al., 1995;Woo et al., 61 

2001;Yan et al., 2000). Moreover, A. butzleri is the species recognised as the etiological agent of 62 

traveller’s diarrhea (Jiang et al., 2010). Despite the high persistence and prevalence of these two 63 

species in clinical cases, food, and the environment, A. skirrowii and A. thereius have also been 64 

recovered in stool samples of patients with diarrhea or enterocolitis (Van den Abeele et al., 2014; 65 

Wybo et al., 2004). The probable human pathogenic potential of Arcobacter may be associated with 66 

the ability of some species to survive under common food storage conditions and with their 67 

environmental survival strategies. For example, A. butzleri has the ability to persist in seawater in a 68 
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VBNC (viable but non-cultivable) state that allows it to survive in the absence of nutrients (Fera et 69 

al., 2008). Moreover, A. butzleri can persist on surfaces given its ability to form biofilm (Assanta et 70 

al., 2002; Kjeldgaard et al., 2009). These survival strategies, together with the virulence potential of 71 

some Arcobacter spp. that may have a whole suite of putative virulence genes (cadF, cj1349, ciaB, 72 

mviN, pldA, tlyA, hecA, hecB and irgA), underlining their importance in its pathogenicity (Douidah 73 

et al., 2012, Ferreira et al., 2015; Levican et al., 2013;). 74 

Considering the high prevalence of Arcobacter species in seawater (Collado et al., 2008; Fera et al., 75 

2008) and the ability of bivalve shellfish, as a result of their filter-feeding activity, to bio-76 

concentrate pathogens, the aim of the present study was to assess the presence of Arcobacter 77 

species carrying virulence-associated genes in shellfish from Southern Italy in order to evaluate the 78 

potential routes of Arcobacter spp.  79 

 80 

2. Materials and methods 81 

2.1 Sampling 82 

A total of 70 shellfish samples were obtained from a local fish market in the Apulia region (SE 83 

Italy) between January 2014 and February 2015. The samples were made up of 42 mussel (Mytilus 84 

galloprovincialis) and 28 clam (Tapes philippinarum) samples, which were taken to the laboratory 85 

in cooled containers (4 °C) and processed within 24 h of purchase. 86 

 87 

2.2 Cultural Analysis 88 

Shellfish were aseptically prepared for analysis according to the UNI EN ISO 6887-3:2003 standard 89 

procedure (UNI EN ISO 6887-3:2003, 2003). For Arcobacter isolation, 10 g of flesh and intra-90 

valvular liquid were added to 90 mL (1:10 wt/vol) of Arcobacter broth (Oxoid, Basingstoke, UK) 91 
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supplemented with Cefoperazone, Amphotericin B and Teicoplanin (CAT selective supplement 92 

SR0174E; Oxoid, Basingstoke, UK), in sterile bags and homogenized using a stomacher (PBI 93 

International, Milan, Italy) at 11 000 rev min -1 for 1 min, as previously reported by other authors 94 

(Bonerba et al., 2015; Collado et al., 2009). Then the bags were closed and incubated at 30 °C under 95 

aerobic conditions for 48 h. After enrichment, 200 μL of the broth was inoculated by passive 96 

filtration onto the surface of a 0.45μm membrane filter (Sartorius Stedim Biotech GmbH, 97 

Germany), placed onto selective agar plates prepared by suspending 24 g of Arcobacter broth 98 

(Oxoid, Basingstoke, United Kingdom) and 12 g of agar technical no. 3 (Oxoid, Basingstoke, 99 

United Kingdom) and supplemented with a selective antibiotic mix supplement (cefoperazone [16 100 

mg/liter], amphotericin B [10 mg/liter], 5-fluorouracil [100 mg/liter], novobiocin [32 mg/liter], and 101 

trimethoprim [64 mg/liter]) as described by Houf et al. (2001). Plates were incubated at room 102 

temperature for 30 min. After filtration, the filters were removed and the dishes were incubated at 103 

30 °C under both aerobic and microaerophilic conditions (5% O2, 10% CO2, 85% N2), produced by 104 

the CampyGen gas generating system (Oxoid, Basingstoke, UK). After incubation, typical 105 

Arcobacter colonies (i.e. small colorless, translucent, convex with an intact edge) were picked, 106 

subcultured onto Blood Agar and incubated for 48h at 30 °C. The colonies were confirmed 107 

morphologically by Gram staining and by determination of oxidase (Oxidase strips, Oxoid 108 

Microbact, Basingstoke, UK) and catalase activity. 109 

 110 

2.3 Biomolecular analysis 111 

2.3.1 DNA extraction and purification 112 

The colonies identified as Arcobacter spp. were transferred onto Arcobacter broth (BA) (Oxoid, 113 

Basingstoke, UK) and incubated at 30 °C for 48h. One milliliter BA pure culture of presumptive 114 

Arcobacter spp. was centrifuged at 7500 rpm for 10 min at room temperature. DNA extraction and 115 
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purification was performed with the DNeasy Blood & Tissue Kit (QIAGEN, Hilden, Germany) and 116 

eluted with 80 μL AE Elution Buffer (QIAGEN, Hilden, Germany). The DNA concentration and 117 

purity were established by evaluating the ratio A260nm/A280nm using a NanoDrop 2000/2000c 118 

Spectrophotometer (Thermo Scientific, MA, USA). 119 

 120 

2.3.2 m-PCR 121 

In order to determine the identity of the Arcobacter isolates, a multiplex-PCR assay was performed 122 

as described by Houf et al. (2000). Briefly, 2μL (50 ng) of DNA template were added to 48 μL of 123 

the reaction mixture containing 5μL 10X PCR Rxn Buffer (Invitrogen, Carlsbad, CA, USA), 1.5 U 124 

of Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA), 0.2 mmol of each deoxyribonucleotide 125 

triphosphate (appl. Biosystems), 1.3 μL of 50 mmol MgCl2 (Invitrogen, Carlsbad, CA, USA). Then 126 

50 pmol of the primers ARCO, BUTZ, CRY1, CRY2 and 25 pmol of primer SKIR were added 127 

(Table 1). The amplification followed conditions described by Houf et al. (2000) and involved an 128 

initial denaturation step at 94 °C for 5 min, followed by 32 cycles of denaturation at 94 °C for 45 129 

sec, primer annealing at 61 °C for 45 sec, and chain extension at 72 °C for 30 sec. The final 130 

extension was carried out at 72 °C for 1 min. The amplifications were carried out in a Mastercycler 131 

personal (Eppendorf, Milan, Italy ). The positive (A. butzleri ATCC 49616T, A. cryaerophilus 132 

ATCC 43158T, and A. skirrowii ATCC 51132T) and negative controls (no added template) were 133 

included to verify the purity of the extraction reagents. All reactions were performed in duplicate. 134 

The generated m-PCR products were separated by gel electrophoresis on 1.5% (w/v) agarose NA 135 

(Pharmacia, Uppsala, Sweden) gel in 1X Tris-borate-EDTA (TBE) buffer containing 0.089 M Tris, 136 

0.089 M boric acid, 0.002 M EDTA, pH 8.0 (USB, Cleveland, OH, USA), and stained with 137 

RedSafeTM gel (INtRON Biotechnology). A Gene Ruler™ 50 bp DNA Ladder Plus (Invitrogen, 138 

Life Thecnologies, Italy) was used as the molecular weight marker. Image acquisition was 139 

performed using UVITEC (Eppendorf). 140 
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 141 

2.3.3 16S rDNA-RFLP 142 

The 16S rDNA-RFLP assay described by Figueras et al. (2008) was performed to confirm the m-143 

PCR results (Levican and Figueras, 2013). Briefly, the amplification of 1026 bp of the 16S rRNA 144 

gene was carried out with a 50μL PCR mixure containing 5 μL (100 ng) of DNA template, 0.5 μM 145 

each of primers CAH16S1am and CAH16S1b (Table 1), 5μL 10X PCR Buffer (Invitrogen, 146 

Carlsbad, CA, USA), 1.5 μL of 50 mmol MgCl2 (Invitrogen, Carlsbad, CA, USA), 200 μM of each 147 

deoxyribonucleotide triphosphate (Applied Biosystems) and 2.5 U of Taq DNA polymerase 148 

(Invitrogen, Carlsbad, CA, USA). The amplification profile involved an initial denaturation step at 149 

95 °C for 2 min, followed by 31 cycles of denaturation at 94 °C, 30s, primer annealing at 55 °C, 150 

30s, and chain extension at 72 °C for 1.30 min. The final extension was carried out at 72 °C for 10 151 

min. The PCR reactions were processed in a 2720 Thermal Cycler (Appl. Biosystem). PCR-152 

amplified products were analyzed by electrophoresis on 2 % (w/v) agarose NA (Pharmacia, 153 

Uppsala, Sweden) gel in 1X Tris-borate-EDTA (TBE) buffer containing 0.089 M Tris, 0.089 M 154 

boric acid, 0.002 M EDTA, pH 8.0 (USB, Cleveland, OH, USA), and stained with RedSafeTM gel 155 

(INtRON Biotechnology). A Gene RulerTM 100 bp DNA Ladder Plus (MBI Fermentas, Vilnius, 156 

Lithuania) was used as the molecular weight marker. Image acquisition was performed using 157 

UVITEC (Eppendorf). The amplicon 1026 bp was then digested using the MseI endonuclease 158 

(Fermentas, Schwerte, Germany). Restriction fragments were separated in 3.5% (w/v) agarose gel 159 

electrophoresis in in 1X Tris-borate-EDTA (TBE) buffer containing 0.089 M Tris, 0.089 M boric 160 

acid, 0.002 M EDTA, pH 8.0 (USB, Cleveland, OH, USA), and stained with RedSafeTM gel 161 

(INtRON Biotechnology). A Gene RulerTM 100 bp DNA Ladder Plus (MBI Fermentas, Vilnius, 162 

Lithuania) was used as the molecular weight marker. Image acquisition was performed using 163 

UVITEC (Eppendorf). 164 
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 165 

2.3.4 Detection of virulence genes 166 

Five putative Arcobacter virulence genes (ciaB, cadF, cj1349, hecA and irgA) were detected using 167 

the primers and conditions designed by Douidah et al., 2012 (Table 1). A. butzleri LMG10828T and 168 

A. thereius LMG24486T were used as positive and negative control, respectively. Briefly, the PCR 169 

reactions were performed in a final volume of 50 μL, containing 2μL of DNA extract (50 ng/μL), 170 

1.5U of Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA Invitrogen, Carlsbad, CA, USA), 171 

0.2 μmol of each deoxyribonucleotide triphosphate (Appl. Biosystems), 0.2 mmol MgCl2 for the 172 

primer sets for ciaB, cj1349, hecA and irgA. For the primer sets for cadF, 5 μL 10X PCR buffer and 173 

1.5 mmol MgCl2 were used. 2 μL of DNA template were added in the PCR reaction. PCR consisted 174 

in an initial denaturation step at 94 °C for 30 sec, followed by 32 cycles of denaturation at 94 °C for 175 

45 sec, primer annealing at 56 °C for 45 sec for primers designed for ciaB, cj1349, hecA and irgA 176 

and at 55 °C for the primer sets for cadF, while an extension step was performed at 72 °C for 45 177 

sec. Final extension was carried out at 72 °C for 3 min. PCR-amplified products were detected by 178 

electrophoresis on 1.5 % (w/v) agarose gel gel in 1X Tris-borate-EDTA (TBE) buffer containing 179 

0.089 M Tris, 0.089 M boric acid, 0.002 M EDTA, pH 8.0 (USB, Cleveland, OH, USA), and stained 180 

with RedSafeTM gel (INtRON Biotechnology). A Gene RulerTM100 bp DNA Ladder Plus (MBI 181 

Fermentas, Vilnius, Lithuania) was used as the molecular weight marker. Image acquisition was 182 

performed using UVITEC (Eppendorf). 183 

 184 

3. Results 185 

3.1 Cultural Analysis 186 

The cultural analysis carried out on shellfish showed typical small, smooth, translucent, and watery 187 

colonies in 16 (22.8%) of the 70 shellfish samples. All organisms resulted Gram-negative, slightly 188 

curved rods, oxidase- and catalase-positive and were presumptively identified as Arcobacter spp. 189 
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Specifically, Arcobacter spp. were highlighted in 10/42 (23.8%) mussel and in 6/28 (21.4%) clam 190 

samples. 191 

 192 

3.2 Molecular analysis 193 

3.2.1 m-PCR 194 

The m-PCR carried out on the 16 isolates showed the characteristic amplicon of A. butzleri in 12/16 195 

(75%) and the A. cryaerophilus amplicon in 4/16 (25%). 196 

 197 

3.2.2 16S rDNA-RFLP 198 

Digestion of the 16S rRNA gene with the endonuclease MseI produced the expected species-199 

specific A. butzleri and A. cryaerophilus 1B RFLP patterns, thus confirming the m-PCR results 200 

(Table2). 201 

 202 

3.2.3 Detection of virulence genes 203 

Arcobacter isolates tested by PCR for the presence of putative virulence genes showed amplicons 204 

with expected sizes for the different virulence genes (Table 3). Indeed, all (12/12) isolates of A. 205 

butzleri harbored cadF, hecA and irgA genes but the ciaB gene was present only in 5/12 and cj1349 206 

only in 2/12 of the isolates. All five investigated virulence genes (cadF, ciaB, cj1349, irgA and 207 

hecA) were simultaneously detected in only 2/12 A. butzleri strains. 208 

Among the A. cryaerophilus isolates, 4/4 strains were positive for the cadF gene and 3/4 and 1/4 for 209 

the hecA and ciaB genes, respectively. None of the strains possessed the cj1349 or irgA genes. 210 

 211 

4. Discussion 212 

This is the first study of the occurrence of putative virulence genes in potentially pathogenic 213 

Arcobacter species in shellfish from Italy by cultural methods and biomolecular analysis. In 214 
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agreement with previous studies carried out in different geographical areas (Collado et al., 2014; 215 

Collado et al., 2009; Levican et al., 2014), this study confirms that potentially pathogenic 216 

Arcobacters are frequently found in edible lamellibranch mollusc samples. In this sense, A. butzleri 217 

was the most prevalent species (75%) found in this and other studies (Collado et al., 2014; Nieva-218 

Echevarria et al., 2013;). Although both A. butzleri and A. cryaerophilus were associated with 219 

several cases of human disease (Collado and Figueras, 2011; Figueras et al., 2014; Hsueh et al. 220 

1997; Kayman et al., 2012; Lau et al., 2002; Lerner et al., 1994; McGregor et al., 2015; On et al., 221 

1995; Woo et al., 2001; Yan et al., 2000), little is known about the route of infection and 222 

transmission of this species. Moreover, the mechanism of pathogenicity related to this genus still 223 

needs to be fully understood. The present research evaluated the presence of five putative virulence 224 

factors in isolates from shellfish. In agreement with previous studies carried out by Douidah et al. 225 

(2012), Karadas et al. (2013) and Tabatabaei et al. (2014), all analyzed strains harbored a high 226 

occurrence of the cadF gene. However, in contrast with the same authors who reported a high 227 

occurrence of the ciaB and cj1349 genes and a low presence of the irgA gene in all A. butzleri 228 

isolates tested, the present study showed a high occurrence of various different genes. All the 229 

analyzed A. butzleri strains harbored the irgA and hec genes. In this study, all the strains of A. 230 

cryaerophilus investigated harbored at least one gene i.e. cadF (4/4), hecA (3/4) and ciaB (1/4), 231 

while none of the strains studied had the cj1349 or irgA genes. The cadF gene was widely 232 

distributed among Arcobacter isolates. Our results were similar to those reported by Levican et al. 233 

(2014), who found that the irgA gene was absent in all A. cryaerophilus isolates studied. However, 234 

the detection of ciaB was lower in our study. When comparing our results for A. cryaerophilus 235 

recovered from mussels and clams with those obtained by Collado et al. (2014) for the same strain 236 

and shellfish species, cadF and hecA were present in most of our samples but absent in Collado et 237 

al.’s (2014). 238 
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Similarly, in A. cryaerophilus recovered from a gastroenteritis case, Figueras et al. (2014) detected 239 

only the ciaB gene, again in contrast with our results. 240 

The different results observed in the present study in relation to those found by other authors could 241 

be linked to several factors such as the different identification and cultural methodology used or the 242 

climatic and geographical areas where samples were collected. Moreover, further investigations into 243 

the presence and distribution of virulence factors are required. Especially, further comparison of the 244 

data between Arcobacters isolated from food and strains detected in clinical cases will be required 245 

if we are to understand whether there is a correlation between contaminated food consumption and 246 

disease. However, International Standard procedures are required to facilitate the comparison of 247 

data observed by other researchers. 248 

The results of the present study provided much information regarding the health risks associated 249 

with the consumption of raw bivalve molluscs. As previously observed for Vibrio, this study 250 

confirms that standard shellfish purification technologies are inefficient at removing all pathogenic 251 

and potentially pathogenic bacteria (Carraro et al., 2015; Di Pinto et al., 2005; Di Pinto et al., 2006; 252 

Tantillo et al., 2004). Moreover, even though the legislation regulating food safety requires 253 

assessment of E. coli and Salmonella contamination (EC Regulation no. 1441/2007), the increase in 254 

food-borne disease related to the consumption of raw shellfish suggests that further epidemiological 255 

data are required to establish more specific microbiological criteria in seafood and to apply new 256 

depuration technologies in order to guarantee food safety. Therefore, effective national and 257 

European food control systems are essential to protect consumer health by implementing routine 258 

research into the emerging pathogens in this food chain. 259 

 260 

5. Conclusions 261 

In summary, the results in the present paper demonstrate that bivalve molluscs are potential 262 

pathogenic Arcobacter hosts. Furthermore, additional studies are needed to provide data that will 263 
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help extend knowledge and confirm the role played by contaminated shellfish consumption in 264 

human disease. 265 

 266 

 267 

References 268 

1. Assanta, M.A., Roy, D., Lemay, M.J, Montpetit, D., 2002. Attachment of Arcobacter 269 

butzleri, a new waterborne pathogen, to water distribution pipe surfaces. J. Food. Prot. 65, 270 

1240-1247. 271 

2. Bonerba, E., Mottola, A., Parisi, A., Di Pinto, A., Serraino, A., Bozzo, G., Giacometti, F., 272 

Ceci, E., Tantillo, G., 2015. Detection of Arcobacter spp. in Mytilus galloprovincialis 273 

samples collected from Apulia region. I. J. F. S. 3, 23-26. 274 

3. Carraro, V., Sanna, C., Brandas, V., Sanna, A., Pinna, A., Coroneo, V., 2015. Hygiene and 275 

health risk associated with the consumption of edible lamellibranch molluscs. Int. J. Food 276 

Microbiol. 201, 52-57. 277 

4. Collado, L., Cleenwerck, I., Van Trappen, S., De Vos, P., Figueras, M.J., 2009. Arcobacter 278 

mytili sp. Nov. and indoxyl acetate-hydrolysis-negative bacterium isolated from mussels. 279 

Int. J. Syst. Evol. Microbiol. 59, 1391-1396. 280 

5. Collado, L., Figueras, M.J., 2011. Taxonomy, epidemiology and clinical relevance of the 281 

genus Arcobacter. Clin. Microbiol. Rev. 24, 174-192. 282 

6. Collado, L., Guarro, J., Figueras, M.J., 2008. Presence of Arcobacter spp. in environmental 283 

waters correlates with high levels of fecal pollution. Environ. Microbiol. 10, 1635-1640. 284 

7. Collado, L., Guarro, J., Figueras, M.J., 2009. Prevalence of Arcobacter in meat and 285 

shellfish. J. Food Protect. 72, 1102-1106. 286 



13 

 

8. Collado, L., Jara, R., Vásquez, N., Telsaint, C., 2014. Antimicrobial resistance and virulence 287 

genes of Arcobacter isolates recovered from edible bivalve molluscs. Food Control 46, 508-288 

512. 289 

9. Commission Regulation (EC) No 1441/2007 of 5 December 2007 amending Regulation 290 

(EC) No 2073/2005 on microbiological criteria for foodstuffs. 291 

10. Di Pinto, A., Ciccarese, G., Fontanarosa, M., Terio, V., Tantillo, G., 2006. Detection of 292 

Vibrio alginolyticus and Vibrio parahaemolyticus in shellfish samples using collagenase-293 

targeted multiplex-PCR. J. of Food Safety 26, 150-159. 294 

11. Di Pinto, A., Ciccarese, G., Tantillo, G., Catalano, D., Forte, V.T., 2005. A collagenase-295 

targeted multiplex PCR assay for identification of Vibrio alginolyticus, Vibrio cholerae, and 296 

Vibrioparahaemolyticus. J Food Prot. 68, 150-3. 297 

12. Douidah, L., de Zutter, L., Baré, J., De Vos, P., Vandamme, P., Vandenberg, O., Van den 298 

Abeele, A.M., Houf, K., 2012. Occurrence of Putative Virulence Genes in Arcobacter 299 

Species Isolated from Humans and Animals. J. Clin. Microbiol. 50, 735-741. 300 

13. EFSA and ECDC (European Food Safety Authority and European Centre for Disease 301 

Prevention and Control), 2015. The European Union summary report on trends and sources 302 

of zoonoses, zoonotic agents and food-borne outbreaks in 2013. EFSA Journal 13,3991, 1-303 

162. Available at: http://ecdc.europa.eu/en/publications/Publications/EU-summary-report-304 

trends-sources-zoonoses-2013.pdf 305 

14. Fera, M.T., Maugeri, T.L., Gugliandolo, C., La Camera, E., Lentini, V., Favaloro, A., 306 

Bonanno, D., Carbone, M., 2008. Induction and resuscitation of viable noncultivable 307 

Arcobacter butzleri cells. Appl. Environ. Microbiol. 74, 3266-3268. 308 

15. Ferreira, S., Fraqueza, M. J. , Queiroz, J. A.,  Domingues, F. C., Oleastro, M., 2013. Genetic 309 

diversity, antibiotic resistance and biofilmforming ability of Arcobacter butzleri isolated 310 



14 

 

from poultry and environment from a Portuguese slaughterhouse. Int. J. Food Microbiol. 311 

162, 82–88. 312 

16. Ferreira, S., Queiroz, J.A., Oleastro, M., Domingues, F.C., 2015. Insights in the 313 

pathogenesis and resistence of Arcobacter: A review. Crit. Rev. Microbiol. 25, 1-20. 314 

17. Figueras, M.J., Collado, L., Guarro, J., 2008. A new 16S rDNA-RFLP method for the 315 

discrimination of the accepted species of Arcobacter. Diagn. Microbiol. Infect. Dis. 62, 11-316 

5. 317 

18. Figueras, M.J., Levican, A., Pujol, L., Ballester, F., Rabada Quilez, M.J., Gomez-Bertomeu, 318 

F., 2014. A severe case of persistent diarrhoea associated with Arcobacter cryaerophilus but 319 

attributed to Camphylobacter sp. and a review of the clinical incidence of Arcobacter. New 320 

Microbes New Infect. 2, 31-37. http://dx.doi.org/10.1002/2052-2975.35  321 

19. González, A., Ferrús, M.A., 2011. Study of Arcobacter spp. contamination in fresh lettuces 322 

detected by different cultural and molecular methods. Int. J. Food Microbiol. 145, 311-314 323 

20. Houf, K.,  Devriese, L.A., De Zutter, L., Van Hoof, J., Vandamme, P., 2001. Development of 324 

a new protocol for the isolation and quantification of Arcobacter species from poultry 325 

products. Int. J. Food Microbiol. 71, 189-196. 326 

21. Houf, K., Tutenel, A., De Zutter, L., Van Hoof, J., Vandamme, P., 2000. Development of a 327 

multiplex PCR assay for the simultaneous detection and identification of Arcobacter 328 

butzleri, Arcobacter cryaerophilus and Arcobacter skirrowii. FEMS Microbiol. Lett. 193, 329 

89-94. 330 

22. Hsueh, P.R., Teng, L.J., Yang, P.C., Wang, S.K., Chang, S.C., Ho, S.W., Hsieh, W.C., Luh, 331 

K.T., 1997. Bacteriemia caused by Arcobacter cryaerophilus 1B. J. Clin. Microbiol. 35, 332 

489-491. 333 

http://www.ncbi.nlm.nih.gov/pubmed/18060724
http://www.ncbi.nlm.nih.gov/pubmed/?term=Devriese%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=11789937
http://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Zutter%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11789937
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Hoof%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11789937
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vandamme%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11789937
http://www.ncbi.nlm.nih.gov/pubmed/11789937


15 

 

23. Jiang, Z.D., Dupont, H.L., Brown, E.L., Nandy, K., Ramamurthy, T., Sinha, A., Ghosh ,S., 334 

Guin, S., Gurleen, K., Rodrigues, S., Chen, J.J., McKenzie, R., Steffen, R., 2010. Microbial 335 

etiology of travelers’ diarrhea in Mexico, Guatemala, and India: importance of 336 

enterotoxigenic Bacteroides fragilis and Arcobacter species. J. Clin. Microbiol. 48, 1417-337 

1419. 338 

24. Karadas, G., Sharbati, S., Hӓnel, I., Messelhӓuβer, U., Glocker, E., Alter, T., Gölz, G., 2013. 339 

Presence of virulence genes, adhesion and invasion of Arcobacter butzleri. J. Appl. 340 

Microbiol. 115, 583-590. 341 

25.  Kayman, T., Atabay, H.I., Abay, S., Hιzlιsoy, H., Molva, Ç. , Aydin, F. , 2012. Human 342 

acute gastroenteritis associated with Arcobacter butzleri. Clin. Microbiol. Newsletter 34, 343 

197-199.  344 

26. Kjeldgaard, J., Jørgensen, K., Ingmer, H., 2009. Growth and survival at chiller temperatures 345 

of Arcobacter butzleri. Int. J. Food Microbiol. 131, 256–259. 346 

27. Lau, S.K.P., Woo, P.C.Y., Teng, J.L.L., Leung, K.W., Tuen, K.Y., 2002. Identification by 347 

16S ribosomial RNA gene sequencing of Arcobacter butzleri bacteriemia in a patient with 348 

acute gangrenous appendicitis. J. Clin. Pathol-Mol. Pa. 55, 182-185. 349 

28. Lerner, J., Brumberger, V., Preac-Mursic, V., 1994. Severe diarrhea associated with 350 

Arcobacter butzleri. Eur. J. Clin. Microbiol. 13, 660-662. 351 

29. Levican, A., Alkeskas, A., Günter, C., Forsythe, S.J., Figueras, M.J., 2013. Adherence to 352 

and Invasion of Human Intestinal Cells by Arcobacter Species ant Their Virulence 353 

Genotypes. Appl. Environ. Microbiol. 79, 4951-4957. 354 

30. Levican, A., Collado, L., Yustes, C., Aguilar, C., Figueras, M.J., 2014. Higher water 355 

temperature and incubation under aerobic and microaerobic conditions increase the recovery 356 

and diversity of Arcobacter spp. from shellfish. Appl. Environ. Microbiol. 80, 385-391. 357 



16 

 

31. Levican, A., Figueras, M.J., 2013. Performance of five molecular methods for monitoring 358 

Arcobacter spp. BMC Microbiol. 13, 1-7. 359 

32. Levican, A., Rubio-Arcos, S., Martinez-Murcia, A., Collado, L., Figueras, M.J., 2015. 360 

Arcobacter ebronensis sp. nov. and Arcobacter aquimarinus sp. nov., two new species 361 

isolated from marine environment. Syst. Appl. Microbiol. 38, 30-35 http://dx.doi.org/ 362 

10.1016/j.syapm.2014.10.011.  363 

33. Marshall, S.M., Melito, P.L., Woodward, D.L., Johnson, W.M., Rodgers, F.K., Mulvey, 364 

M.R., 1999. Rapid Identification of Campylobacter, Arcobacter, and Helicobacter Isolates 365 

by PCR-Restriction Fragment Length Polymorphism Analysis of the 16S rRNA Gene. J. 366 

Clin. Microbiol. 37, 4158-4160. 367 

34. McGregor, A.C., Wright, S.G., 2015. Gastrointestinal symptoms in travellers. Clin. Med. 15, 368 

93-95 http://dx.doi.org/ 10.7861/clinmedicine.15-1-93. 369 

35. Nieva-Echevarria, B., Martinez-Malaxetxebarria, I., Girbau, C., Alonso, R., Fernández-370 

Astorga, A., 2013. Prevalence and Genetic Diversity of Arcobacter in Food Products in the 371 

North of Spain. J. Food Protect. 76, 1447–1450. 372 

36. On, S.L.W., Stancey, A., Smyth, J., 1995. Isolation of Arcobacter-Butzleri from a neonate 373 

with bacteriemia. J. Infect. 31,225-7. 374 

37. Painter, J.A., Hoekstra, R.M., Ayers, T., Tauxe, R.V., Braden, C.R., Angulo, F.J., Griffin, 375 

P.M., 2013. Attribution of Foodborne Illnesses, Hospitalizations, and Deaths to Food 376 

Commodities by using Outbreak Data, United States, 1998–2008. Emerg. Infect. Dis. 377 

19,407-415.  378 

38. Ramees, T.P., Rathore, R.S., Bagalkot, P.S., Mohan, H.V., Kumar, A., Dhama, K., 2014. 379 

Detection of Arcobacter butzleri and Arcobacter cryaerophilus in Clinical Samples of 380 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Levican%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25497285
http://www.ncbi.nlm.nih.gov/pubmed/25497285


17 

 

Humans and Foods of Animal Origin by Cultural and Multiplex PCR Based Methods. Asian 381 

J. Anim. Vet. Adv. 9, 243-252. 382 

39. Tabatabaei, M., Aski, H.S., Shayegh, H., 2014. Occurrence of six virulence-associated genes 383 

in Arcobacter species isolated from various sources in Shiraz, Soutern Iran. Microb. Pathog. 384 

66, 1-4 385 

40. Tantillo, G.M., Fontanarosa, M., Di Pinto, A., Musti, M. 2004. Updated perspectives on 386 

emerging vibrios associated with human infections. Lett. Appl. Microbiol. 39, 117-26. 387 

41. UNI EN ISO 6887-3:2003. Microbiology of food and animal feeding stuffs - preparation of 388 

test samples, initial suspension and decimal dilutions for microbiological examination. Part 389 

3: specific rules for the preparation of fish and fishery products. International 390 

Standardization Organization ed., Geneva, Switzerland. 391 

42. Van den Abeele, A.M., Vogelares, D., Van Hende, J., Houf, K., 2014. Prevalence of 392 

Arcobacter Species among Humans, Belgium, 2008-2013. Emerg. Infect. Dis. 20, 1731-34. 393 

43. Whiteduck-Léveillée, K., Whiteduck-Léveillée, J., Cloutier, M., Tambong, J.T., Xu, R., 394 

Topp, E., Arts, M.T., Chao, J., Adam, Z., Lévesque, C.A., Lapen, D.R., Villemur, R., 395 

Talbot, G., Khan, I.U., 2015. Arcobacter lanthieri sp. nov., isolated from pig and dairy cattle 396 

manure. Int. J Syst. Evol. Microbiol. pii: ijs.0.000318. http://doi.org/ 10.1099/ijs.0.000318. 397 

44. Woo, P.C.Y., Chong, K.T.K., Leung, K.W., Que, T., Yuen, K., 2001. Identification of 398 

Arcobacter cryaerophilus isolated from a traffic accident victim with bacteremia by 16S 399 

ribosomal RNA gene sequencing. Diagn. Microbiol. Infect. Dis. 40, 125-7.  400 

45. Wybo, I., Breynaert, J., Lauwers, S., Lindenburg, F., Houf, K., 2004. Isolation of Arcobacter 401 

skirrowii from a patient with chronic diarrhea. J. Clin. Microb. 42, 1851-2. 402 

46. Yan, J.J., Ko, W.C., Huang, A.H., Chen, H.M., Jin, Y.T., Wu, J.J., 2000. Arcobacter butzleri 403 

bacteriemia in a patient with liver cirrhosis. J. Formos. Med. Assoc. 99, 166-9. 404 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Whiteduck-L%C3%A9veill%C3%A9e%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cloutier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tambong%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Topp%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arts%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adam%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%A9vesque%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lapen%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Villemur%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Talbot%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20IU%5BAuthor%5D&cauthor=true&cauthor_uid=25977280
http://www.ncbi.nlm.nih.gov/pubmed/?term=arcobacter+lanthieri


18 

 

47. Zhang, Z., Yu, C., Wang, X., Yu, S., Zhang, X.H., 2015.Arcobacter pacificus sp. nov., 405 

isolated from seawater of the South Pacific Gyre. Int. J. Syst. Evol. Microbiol. 9, doi: 406 

10.1099/ijsem.0.000751. 407 

Table 1 408 
Oligonucleotide primers 409 
 410 

Method   
Primer Sequence 

5’ to 3’  
Primer sequence (5’- 3’)  Gene 

Amplicon 

Size (bp) 
 References 

m-PCR ARCO (R) CGTATTCACCGTAGCATAGC 16S rRNA   
Houf et al. 

(2000) 

  BUTZ (F) CCTGGACTTGACATAGTAAGAATGA 16S rRNA 401 
Houf et al. 

(2000) 

  SKIRR (F) GGCGATTTACTGGAACACA 16S rRNA 641 
Houf et al. 

(2000) 

  CRY 1 (F) TGCTGGAGCGGATAGAAGTA 23S rRNA 257 
Houf et al. 

(2000) 

  CRY 2 (R) AACAACCTACGTCCTTCGAC 23S rRNA    

            

16S rRNA CAH16S1am (F) AACACATGCAAGTCGAACGA 16S rRNA 1026 
Figueras et al. 

(2008) 

  CAH16S1b (R) TTAACCCAACATCTCACGAC 16S rRNA   
Marshall et al. 

(1999) 

            

Virulence genes:           

cadF  cadF (F) TTACTCCTACACCGTAGT cadF  283 
Duidhal et al. 

(2012) 

  cadF (R)  AAACTATGCTAACGCTGGTT       

ciaB   ciaB (F) TGGGCAGATGTGGATAGAGCTTGGA ciaB  284 
Duidhal et al. 

(2012) 

  ciaB (R)  TAGTGCTGGTCGTCCCACATAAAG       

cj1349  cj1349 (F) CCAGAAATCACTGGCTTTTGAG cj1349  659 
Duidhal et al. 

(2012) 

  cj1349 (R) GGGCATAAGTTAGATGAGGTTCC       

irgA    irgA (F) TGCAGAGGATACTTGGAGCGTAACT irgA    437 
Duidhal et al. 

(2012) 

  irgA (R) GTATAACCCCATTGATGAGGAGCA       

hecA    hecA (F)  GTGGAAGTACAACGATAGCAGGCTC hecA    537 
Duidhal et al. 

(2012) 

  hecA (R)  GTCTGTTTTAGTTGCTCTGCACTC       

 411 

 412 

Table 2 413 
Molecular identification results 414 
 415 

Sample 

n. 
Isolate  Country Strain source Collection date m-PCR Houf 2000 16S rDNA-RLFP 

1 4 Torre a mare (BA) Mussels- Mytilus galloprovincialis January-2014 A. butzleri A. butzleri 

2 7 Bari Mussels- Mytilus galloprovincialis February-2014 A. cryaerophilus A. cryaerophilus 1B 
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3 21 Noci (BA) Mussels- Mytilus galloprovincialis May-2014 A. cryaerophilus A. cryaerophilus 1B 

4 24 Noci (BA) Mussels- Mytilus galloprovincialis May-2014 A. cryaerophilus A. cryaerophilus 1B 

5 25 Noci (BA) Mussels- Mytilus galloprovincialis September-2014 A. butzleri A. butzleri 

6 28 Noci (BA) Mussels- Mytilus galloprovincialis September-2014 A. butzleri A. butzleri 

7 34 Noci (BA) Mussels- Mytilus galloprovincialis October-2014 A. butzleri A. butzleri 

8 37 Noci (BA) Mussels- Mytilus galloprovincialis October-2014 A. butzleri A. butzleri 

9 38 Noicattaro (BA) Mussels- Mytilus galloprovincialis January-2015 A. butzleri A. butzleri 

10 39 Noicattaro (BA) Mussels- Mytilus galloprovincialis January-2015 A. butzleri A. butzleri 

11 1V Noci (BA) Clams-Tapes philippinarum September-2014 A. butzleri A. butzleri 

12 5V Noci (BA) Clams-Tapes philippinarum October-2014 A. butzleri A. butzleri 

13 6V Noicattaro (BA) Clams-Tapes philippinarum October-2014 A. butzleri A. butzleri 

14 11V Noicattaro (BA) Clams-Tapes philippinarum December-2014 A. butzleri A. butzleri 

15 15V Valenzano (BA) Clams-Tapes philippinarum January-2015 A. butzleri A. butzleri 

16 16V Altamura (BA) Clams-Tapes philippinarum February-2015 A. cryaerophilus A. cryaerophilus 1B 

 416 

Table 3 417 
Occurrence of virulence-associated genes in Arcobacter isolates 418 
 419 

Species Isolate Strain source cadF ciaB cj1349 irgA hecA 

A. butzleri 4 Mussels- Mytilus galloprovincialis + - - + + 

  25 Mussels- Mytilus galloprovincialis + - - + + 

  28 Mussels- Mytilus galloprovincialis + - - + + 

  34 Mussels- Mytilus galloprovincialis + - - + + 

  37 Mussels- Mytilus galloprovincialis + + + + + 

  38 Mussels- Mytilus galloprovincialis + + + + + 

  39 Mussels- Mytilus galloprovincialis + + - + + 

  1V Clams-Tapes philippinarum + - - + + 

  5V Clams-Tapes philippinarum + - - + + 

  6V Clams-Tapes philippinarum + + - + + 

  11V Clams-Tapes philippinarum + - - + + 

  15V Clams-Tapes philippinarum + + - + + 

                

A. cryaerophilus 1B 21 Mussels- Mytilus galloprovincialis + - - - + 

  24 Mussels- Mytilus galloprovincialis + + - - + 

  7 Mussels- Mytilus galloprovincialis + - - - + 

  16V Clams-Tapes philippinarum + - - - - 

 420 


