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Abstract 

Background: Members of the genus Arcobacter are considered as emerging zoonotic food and waterborne patho-
gens that cause gastroenteritis and bacteremia in humans. However, the potential risk that Arcobacter species pose to 
public health remains unassessed in various countries, including Baltic states. Therefore, the aim of this study was to 
determine the prevalence, antimicrobial susceptibility and presence of putative virulence genes of Arcobacter isolates 
recovered from humans, food products and environmental water in Lithuania.

Results: A total of 1862 samples were collected and examined from 2018 to 2020 in the city of Kaunas. Overall, 11.2% 
(n = 208) of the samples were positive for the presence of Arcobacter spp. The highest prevalence was detected in 
chicken meat (36%), followed by environmental water (28.1%), raw cow milk (25%), ready-to-eat salad mixes (7.1%) 
and human stool (1.7%). A. butzleri was the most frequently isolated species (n = 192; 92.3%), followed by A. cryaero-
philus (n = 16; 7.7%). Arcobacter spp. antimicrobial susceptibility testing revealed unimodally distributed aggregated 
minimal inhibitory concentrations (MICs) for gentamicin, tetracycline, ciprofloxacin, ampicillin and erythromycin. 
However, a bimodal distribution for azithromycin was found with 96.2% of determined MICs above the epidemio-
logical cut-off value (ECOFF) defined for Campylobacter jejuni (0.25 µg/ml). Majority of the Arcobacter isolates (n = 
187; 89.9%) showed high susceptibility to ciprofloxacin with MICs below or equal to the ECOFF value of 0.5 µg/ml. 
The putative virulence genes cadF (100%), ciaB (100%), cj1349 (99%), tlyA (99%), mviN (97.9%) and pldA (95.8%) were 
the predominant genes detected among A. butzleri isolates. In contrast, the mviN and ciaB genes were present in all, 
whereas cj1349 (12.5%), tlyA (25%) and hecA (12.5%) were only detected in few A. cryaerophilus isolates.

Conclusions: Our results demonstrate that food products and environmental water in Lithuania are frequently 
contaminated with Arcobacter spp. that carry multiple putative virulence genes. Furthermore, A. butzleri were isolated 
from 1.7% of inpatients. Fluoroquinolones and aminoglycosides were found to be more effective against Arcobacter in 
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Background
The genus Arcobacter was proposed in 1991 [1] based 
on DNA–rRNA, DNA–DNA hybridization and immu-
notyping analysis of Campylobacter and related organ-
isms. Since then, a total of 29 species for this genus have 
been described [2]. Recently, Pérez-Cataluña et  al. [3] 
proposed to divide the genus into seven different gen-
era, however, the newly proposed classification is still 
under debate [4, 5]. Due to their ability to form biofilms 
on abiotic surfaces and survive in different conditions, 
Arcobacter species are widely distributed throughout the 
food chain and environment [6, 7]. Arcobacter spp. have 
been isolated from various sources: farm environment, 
animals, vegetables and food products of animal ori-
gin (at the processing stage and retail), food-processing 
facilities, environmental waters, sewage and floodwater 
[8–11]. Consumption of contaminated food of animal 
origin (meat, milk, seafood), vegetables or water is con-
sidered as the main route of transmission to humans [6]. 
Clinical symptoms associated with Arcobacter gastro-
intestinal infections in humans include persistent aque-
ous diarrhea, abdominal pain and fever [7, 8]. However, 
infections of immunocompromised patients can result 
in bacteremia, peritonitis and endocarditis [6, 12, 13]. 
The majority of Arcobacter infections among humans 
and animals are caused by Arcobacter (A.) butzleri, A. 
cryaerophilus and, to a lesser extent, A. skirrowii and A. 
thereius [14–16]. Given that there are no routine diag-
nostic procedures designed for the detection of Arcobac-
ter spp., their prevalence and significance of infections 
might be underestimated. To date, the reported preva-
lence of Arcobacter among humans range from 0.3 to 4% 
[17, 18]. Recent studies have shown that Arcobacter was 
the second and fourth most common bacterial pathogen 
isolated from human stool samples in Germany and Bel-
gium, respectively [14, 19].

Similar to Campylobacter, Arcobacter cause self-limit-
ing infections which do not require antimicrobial ther-
apy, although cases of severe and chronic enteritis may 
necessitate the use of antibiotics [8]. Fluoroquinolones, 
tetracyclines, macrolides, aminoglycosides and a combi-
nation of β-lactam antibiotics with β-lactamase inhibi-
tors are suggested as viable treatment options in these 
cases [11, 20]. Nonetheless, a recent meta-analysis indi-
cated that between 69.3 and 99.2%, 4.3–14%, 10.7–39.8% 
and 0.8–7.1% of Arcobacter spp. isolates have shown 
reduced susceptibility to penicillins, fluoroquinolones, 

macrolides and tetracyclines, respectively [21]. Further-
more, other studies revealed reduced susceptibility to 
multiple antimicrobials in up to 89% of Arcobacter strains 
isolated from human clinical samples, food products and 
environment [22–24].

In vitro human and animal cell culture assays have 
shown that Arcobacter spp. have pathogenic properties 
(adhesion, invasion, cytotoxicity and ability to upregulate 
interleukin-8 expression) that are significant for the colo-
nization of host tissues and establishing infection [25, 
26]. Several studies investigated adhesive, invasive and/
or cytotoxic capabilities of A. butzleri strains isolated 
from various sources (reviewed by Chieffi et  al.) [7]. In 
summary, 25–100% of tested strains were able to induce 
cytotoxic effects, 12.5–100% to adhere and 0–100% to 
invade different cell lines (Caco-2, Hep-2, Vero, HT-29, 
HeLa). Bücker et  al. [27] observed that infection of 
human colonic cells (HT-29/B6) with A. butzleri results 
in a decreased expression of integral transmembrane 
proteins (claudin-1, -5, -8) and induction of epithelial 
apoptosis, which are mechanisms that are consistent with 
a leak flux type of diarrhea. The analysis of A. butzleri 
RM4018 whole genome sequence revealed the presence 
of ten putative virulence-associated genes (cadF, cj1349, 
ciaB, mviN, pldA, tlyA, irgA, hecA, hecB, iroE) that have 
homologs in other pathogens (e.g. C. jejuni, V. cholerae 
and uropathogenic E. coli) [28].

To date, no studies were carried out to determine the 
Arcobacter prevalence among humans in Lithuania or 
other Baltic states. The absence of data on contamina-
tion of food products and environment, antimicrobial 
resistance, and occurrence of putative virulence genes 
complicates the assessment of the potential risk to pub-
lic health. Therefore, the objectives of this study were (i) 
to determine the prevalence of Arcobacter spp. in differ-
ent sources (human stool samples, foods of animal origin, 
ready-to-eat salad mixes and environmental water), (ii) to 
assess the antimicrobial susceptibility patterns of isolated 
bacteria and to obtain minimal inhibitory concentration 
(MIC) distribution data, and (iii) to evaluate the patho-
genic potential of strains by determining the occurrence 
of virulence-associated genes.

Results
Prevalence of Arcobacter
As summarized in Table 1, Arcobacter spp. were isolated 
from 208 (11.2%) out of the 1862 samples tested. The 

comparison to other antimicrobial agents. However, further studies are needed to determine the pathogenic mecha-
nisms and factors that facilitate the spread of Arcobacter infections.
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isolation rate of Arcobacter varied among different sam-
ple types; the highest prevalence was in chicken meat 
(36%), followed by environmental water (28.1%), raw 
cow milk (25%), ready-to-eat (RTE) salad mixes (7.1%) 
and human stool (1.7%). Only two species were identi-
fied by multiplex PCR and rpoB sequencing: A. butzleri 
(192 of 208 isolates, 92.3%) and A. cryaerophilus (16 of 
208 isolates, 7.7%). A. butzleri was recovered from all 
sources, whereas A. cryaerophilus was only isolated from 
RTE salads (5 of 99 samples, 5.1%), surface waters (6 of 
128 samples, 4.7%) and chicken meat (5 of 331 samples, 
1.5%). A. butzleri was the predominant species in most 
sources except RTE salad mixes, where A. cryaerophilus 
was more prevalent.

Antimicrobial susceptibility
The results of antimicrobial susceptibility testing (AST) 
of 208 Arcobacter spp. isolates revealed unimodally dis-
tributed aggregated minimal inhibitory concentrations 
(MICs) for gentamicin, tetracycline, ciprofloxacin, ampi-
cillin and erythromycin, whereas a bimodal distribution 
for azithromycin was detected (Fig. 1). The MICs of gen-
tamicin and tetracycline were distributed around the epi-
demiological cut-off (ECOFF) values defined for C. jejuni 
(1  µg/ml for both antimicrobials), with no interspecies 
differences (Fig. 1; Table 2). In case of gentamicin, MIC 
values ranged from 0.125 to 4 µg/ml (mode = 1 µg/ml), 
while for tetracycline MICs ranging from 0.125 to 8 µg/
ml (mode = 2 µg/ml) were observed (Table 2). The range 
of MICs for macrolides was wider in comparison to other 
tested antimicrobial agents. For erythromycin, MIC val-
ues were distributed around the ECOFF for C. jejuni and 
peaked at 4 µg/ml (Fig. 1). However, 96.2% of determined 
MICs (ranging from 0.5 to > 256  µg/ml; Table  2) for 
azithromycin were above the ECOFF of C. jejuni (0.25 µg/
ml) with peaks at 2 µg/ml and 16 µg/ml (Fig. 1). Addition-
ally, 67.7% (130/192) of A. butzleri and 12.5% (2/16) of A. 
cryaerophilus isolates formed a subpopulation (MICs ≥ 

8 µg/ml; Fig. 1), which displayed reduced susceptibility to 
azithromycin. Most isolates (190/208, 91.3%) were highly 
susceptible to ciprofloxacin with MICs distributed on the 
lower end of the tested concentration range (from 0.032 
to 1 µg/ml, mode = 0.125 µg/ml; Table 2). However, 8.9% 
(17/192) of A. butzleri and 6.3% (1/16) of A. cryaerophi-
lus strains showed elevated MICs for ciprofloxacin (≥ 
8 µg/ml; Table 2). The MICs of ampicillin (ranging from 
0.5 to > 256 µg/ml, mode = 16 µg/ml; Table 2) were dis-
tributed around the ECOFF for C. jejuni (8 µg/ml; Fig. 1). 
The majority of A. cryaerophilus isolates (13/16, 81.3%) 
displayed MIC values that were below or equal to the 
ECOFF, while MICs of 72.9% (170/192) A. butzleri iso-
lates were above and 2–32 times higher (Table 2).

Occurrence of putative virulence genes
The detection of ten putative virulence genes by PCR 
in 192 A. butzleri and 16 A. cryaerophilus isolates from 
food, environmental water and human clinical samples 
is summarized in Table 3. Regardless of species, the ciaB 
gene was present in all Arcobacter isolates. Similarly, 
98.1% of tested strains harbored the mviN gene, while 
other genes were less frequently detected. Overall, all 
putative virulence-associated genes were detected among 
the analyzed A. butzleri isolates, whereas only five were 
identified in A. cryaerophilus. The majority of A. but-
zleri isolates carried cadF (100%), ciaB (100%), cj1349 
(99%), tlyA (99%), mviN (97.9%) and pldA (95.8%) genes. 
However, lower detection rates were observed for hecB 
(38.5%), hecA (20.3%), iroE (18.8%) and irgA (12.5%). In 
contrast, for A. cryaerophilus only the mviN and ciaB 
genes were detected in all isolates, and tlyA was found 
only in four (25%) isolates. Furthermore, the cj1349 and 
hecA genes were detected in two (12.5%) A. cryaerophilus 
isolates.

Overall, 7.3% (14/192) of A. butzleri isolates (seven 
from chicken meat and seven from environmental water) 
harbored all ten putative virulence genes (Table  4). 

Table 1 Prevalence of Arcobacter spp. in the examined samples

a−d  Values in the same column denoted by different superscript letters are significantly different (P < 0.05)
e,f  Values in the same row denoted by different superscript letters are significantly different (P < 0.05)

Matrix Sampling  perioda No. of samples No. of positive samples (%)

Arcobacter spp. A. butzleri A. cryaerophilus A. skirrowii

Chicken meat 10.2018–09.2019 331 119 (36)a 114 (95.8) 5 (4.2) –

Raw cow milk 01.2019–12.2019 104 26 (25)b 26 (100) – –

RTE salad mixes 11.2018–03.2019 and 
05.2019–10.2019

99 7 (7.1)c 2 (28.6) 5 (71.4) –

Environmental water 12.2018–11.2019 128 36 (28.1)a,b 30 (83.3) 6 (16.7) –

Human stool 03.2019–02.2020 1200 20 (1.7)d 20 (100) – –

Total 1862 208 (11.2) 192 (92.3)e 16 (7.7)f –
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Meanwhile, for A. cryaerophilus, a maximum of four 
genes was detected in two isolates (one from meat and 
one from water) by our PCR; however, the majority of 
isolates (10/16, 62.5%) simultaneously carried two genes 
(ciaB and mviN). Among A. butzleri isolates, the most 
common (96/192, 50%) virulence gene pattern was ciaB, 
mviN, pldA, tlyA, cj1349 and cadF. This profile was 
observed in isolates from chicken meat, raw cow milk, 
environmental water and human stool samples with rates 

of 60.5%, 50%, 23.3%, and 35%, respectively. Only 35.2% 
of A. butzleri strains from food samples carried at least 
seven putative virulence genes, while higher rates were 
determined for strains from human stool samples (60%) 
and environmental water (76.7%).

Statistical analysis revealed no significant differences 
between the occurrence of ciaB, mviN, pldA, tlyA, cj1349, 
cadF genes in A. butzleri isolates of different origin (food, 
environmental water and human stool samples, P > 0.05). 

Fig. 1 Aggregated MIC distributions of Arcobacter spp. isolated from food, environmental water and human stool samples. In addition to the MICs 
of the Arcobacter spp. strains (blue) isolated in our study, the epidemiological cut-off values (ECOFFs) (red broken lines) and MICs of C. jejuni (orange) 
from the EUCAST database are also shown [29]. E-test half-log values were rounded up to the next highest value of the standard doubling dilution 
scale. In order to prevent numerical dominance of EUCAST MIC distributions, number of isolates at each MIC value are presented as percentage of 
the total observations from individual dataset
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Table 2 MIC data on six antimicrobial agents for 192 A. butzleri and 16 A. cryaerophilus isolates

a  ATM = antimicrobials: AM = ampicillin, AZ = azithromycin, GM = gentamicin, TC = tetracycline, EM = erythromycin, CI = ciprofloxacin

ATMa Species Source No. of isolates with MIC (µg/ml) of:

0.03 0.06 0.13 0.25 0.5 1 2 4 8 16 32 >32 64 128 256 >256

AM A. butzleri Chicken meat 2 8 8 11 11 27 26 15 6

A. cryaerophilus 2 3

A. butzleri Environmental water 1 1 1 4 5 8 7 1 2

A. cryaerophilus 1 2 2 1

A. butzleri RTE salad mixes 2

A. cryaerophilus 1 2 1 1

A. butzleri Raw cow milk 1 1 11 6 7

Human stool 1 2 4 9 2 1 1

AZ A. butzleri Chicken meat 1 4 1 6 18 5 11 30 26 2 6 4

A. cryaerophilus 1 2 1 1

A. butzleri Environmental water 1 1 4 11 10 3

A. cryaerophilus 1 1 2 1 1

A. butzleri RTE salad mixes 2

A. cryaerophilus 2 2 1

A. butzleri Raw cow milk 3 12 1 1 2 6 1

Human stool 1 8 0 1 6 3 1

GM A. butzleri Chicken meat 6 67 41

A. cryaerophilus 1 1 1 2

A. butzleri Environmental water 2 22 6

A. cryaerophilus 1 1 1 2 1

A. butzleri RTE salad mixes 2

A. cryaerophilus 1 4

A. butzleri Raw cow milk 13 11 2

Human stool 3 12 5

TC A. butzleri Chicken meat 1 4 31 56 22

A. cryaerophilus 2 3

A. butzleri Environmental water 2 14 13 1

A. cryaerophilus 1 3 2

A. butzleri RTE salad mixes 2

A. cryaerophilus 1 3 1

A. butzleri Raw cow milk 7 17 2

Human stool 7 9 4

EM A. butzleri Chicken meat 1 1 1 2 14 43 30 12 3 2 4 1

A. cryaerophilus 1 1 1 2

A. butzleri Environmental water 4 6 11 8 1

A. cryaerophilus 1 1 2 2

A. butzleri RTE salad mixes 1 1

A. cryaerophilus 2 2 1

A. butzleri Raw cow milk 1 6 10 3 6

Human stool 4 11 2 3

CI A. butzleri Chicken meat 1 8 49 35 3 2 4 3 9

A. cryaerophilus 2 3

A. butzleri Environmental water 4 11 14 1

A. cryaerophilus 1 4 1

A. butzleri RTE salad mixes 2

A. cryaerophilus 1 3 1

A. butzleri Raw cow milk 1 10 7 7 1

Human stool 1 6 7 6
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Table 4 Virulence gene profiles of A. butzleri and A. cryaerophilus isolates

Virulence patterns No. of A. butzleri isolates (%) No. of A. cryaerophilus isolates (%)

Chicken 
meat (n = 
114)

Raw milk (n = 26) Salad 
mixes (n 
= 2)

Water (n = 30) Human 
stool (n = 
20)

Chicken 
meat (n 
= 5)

Salad 
mixes (n 
= 5)

Water (n = 6)

2 genes

 ciaB, mviN 3 (60) 4 (80) 3 (50)

3 genes

 ciaB, mviN, tlyA 1 (20) 2 (33.3)

 ciaB, mviN, hecA 1 (20)

4 genes

 ciaB, mviN, hecA, cj1349 1 (20)

 ciaB, mviN, tlyA, cj1349 1 (16.7)

5 genes

 ciaB, pldA, tlyA, cj1349, cadF 1 (0.9) 1 (3.8)

 ciaB, mviN, tlyA, cj1349, cadF 1 (0.9) 1 (3.8)

 ciaB, mviN, pldA, tlyA, cadF 1 (0.9)

6 genes

 ciaB, mviN, pldA, tlyA, cj1349, 
cadF

69 (60.5) 13 (50) 7 (23.3) 7 (35)

 ciaB, mviN, tlyA, hecB, cj1349, 
cadF

1 (0.9) 1 (3.8) 1 (5)

 ciaB, mviN, tlyA, cj1349, iroE, 
cadF

1 (0.9)

 ciaB, pldA, tlyA, hecB, cj1349, 
cadF

1 (3.8)

 ciaB, mviN, pldA, hecB, 
cj1349, cadF

1 (3.8)

7 genes

 ciaB, mviN, pldA, tlyA, hecA, 
cj1349, cadF

1 (5)

 ciaB, mviN, pldA, tlyA, hecB, 
cj1349, cadF

3 (2.6) 8 (30.8) 2 (6.7) 11 (55)

 ciaB, mviN, pldA, tlyA, cj1349, 
iroE, cadF

10 (8.8) 3 (10)

 ciaB, mviN, pldA, tlyA, irgA, 
cj1349, cadF

1 (0.9)

 ciaB, mviN, pldA, hecA, hecB, 
cj1349, cadF

1 (0.9)

 ciaB, mviN, pldA, tlyA, hecA, 
hecB, cadF

1 (0.9)

8 genes

 ciaB, mviN, pldA, tlyA, hecA, 
hecB, cj1349, cadF

14 (12.3) 2 (100) 5 (16.7)

 ciaB, mviN, pldA, tlyA, irgA, 
cj1349, iroE, cadF

1 (0.9)

9 genes

 ciaB, mviN, pldA, tlyA, irgA, 
hecB, cj1349, iroE, cadF

1 (0.9) 6 (20)

  ciaB, mviN, tlyA, irgA, hecA, 
hecB, cj1349, iroE, cadF

1 (0.9)

10 genes

  ciaB, mviN, pldA, tlyA, irgA, 
hecA, hecB, cj1349, iroE, 
cadF

7 (6.1) 7 (23.3)
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None of the tested A. butzleri isolates from human stool 
specimens carried the iroE and irgA genes, while hecA 
was detected in one isolate (5%). The highest detection 
rates of hecA (40%), irgA (43.3%) and iroE (53.3%) were 
observed among isolates from environmental water. 
These rates were significantly higher (P < 0.05) than the 
ones determined for isolates from food (18.3%, 7.7% and 
14.1%, respectively). Furthermore, among isolates from 
human stool and environmental water, the occurrence 
of hecB gene (60% and 66.7%) was significantly higher (P 
< 0.05) in comparison with isolates from food samples 
(29.6%). The cadF and pldA genes were not detected in A. 
cryaerophilus isolates from meat, RTE salad mixes, and 
water, while these genes were present in majority of A. 
butzleri isolates (rates ranging between 95.6 and 100%) of 
same origin.

Discussion
Arcobacter spp. prevalence in various types of samples
Research progress on prevalence and pathogenicity has 
led A. butzleri and A. cryaerophilus to be ranked as seri-
ous hazards to human health by the International Com-
mission on Microbiological Specifications for Foods 
(ICMSF, 2002) [30]. However, due to missing standard-
ized isolation and identification methods, Arcobacter 
spp. prevalence data in various countries remain unde-
termined. This appears to be the first study of its kind 
analyzing the prevalence of Arcobacter spp. in different 
sources in Lithuania by using Arcobacter-specific detec-
tion methods combined with molecular confirmation.

Within the present study, Arcobacter spp. were isolated 
from 20 out of a total of 1200 (1.7%) human stool samples 
tested. There are no epidemiological data provided by 
other Baltic countries that could be used for comparative 
analysis. However, this finding is consistent with studies 
from Belgium and Portugal, where Arcobacter spp. were 
detected in 1.3% (89/6774) and 1.7% (5/298) of clinical 
stool samples respectively [14, 31]. Other studies, con-
ducted in Turkey, Germany, India, Chile and Belgium, 
reported different prevalence rates ranging from 0.3 to 
4% [17–19, 32, 33]. After identification using multiplex 
PCR and verification by rpoB sequencing all isolates were 
classified as A. butzleri. This result is in agreement with 
previous studies in Turkey and Chile, where A. butzleri 
was the only species recovered from human feces [17, 
32]. According to other authors, A. cryaerophilus and A. 
skirrowii can also be isolated from human stool samples 
[14, 15, 19]. However, the latter is only rarely detected 
due to slow growth on culture media and overgrowth by 
other bacteria, while the prevalence of A. cryaerophilus 
is up to 6.7-fold lower compared to A. butzleri [14, 17, 
19, 33]. These are probably the main factors that caused 
lower species diversity in this study.

Improper hygienic practices at different stages of food 
supply chain may result in food contamination with 
Arcobacter spp. Handling and consumption of contami-
nated food products is considered as one of the main risk 
factors for human infection [7, 34]. The reported preva-
lence of Arcobacter spp. in foods varies greatly among 
different studies. However, most studies agree that the 
contamination rates of poultry meat are higher in com-
parison to red meat, raw cow milk and vegetables [23, 35, 
36]. As reviewed by Hsu and Lee [9], Arcobacter spp. are 
more frequently found in food products of animal origin 
with the highest weighted mean prevalence in chicken 
meat (45.2%), followed by dairy products (36.4%), pork 
(36.3%), seafood (32.3%), beef (31.2%) and vegetables 
(14%). In this study, Arcobacter spp. were isolated from 
all tested food products (chicken meat, raw cow milk and 
RTE salad mixes), with an overall prevalence of 28.5% 
(152 of 534 samples). As expected, chicken meat showed 
the highest contamination levels (36%, 119/331), followed 
by raw milk (25%, 26/104) and RTE salads (7.1%, 7/99). 
Part of these results are in agreement with studies from 
Malaysia and Italy where Arcobacter was detected in 39% 
(48/123) of chicken meat and in 21.6% (8/37) of raw cow 
milk samples [37, 38]. According to other authors, the 
reported prevalence of Arcobacter spp. in chicken meat 
and raw cow milk ranged from 12 to 85.7% and from 4.1 
to 46%, respectively [18, 39–41]. The isolation rate of 
Arcobacter in RTE salad mixes was lower in comparison 
with studies conducted in Italy and Portugal (i.e. ranging 
from 27.5 to 47.6%), but higher than the reported con-
tamination of leafy green vegetables (4.4%, 4/90) from a 
study in South Korea [23, 42, 43]. Regarding the distri-
bution of species based on sample type, A. butzleri was 
the only species detected in raw cow milk and the most 
commonly isolated species in chicken meat (114 out of 
119 isolates), whereas in RTE packaged vegetables the 
most common was A. cryaerophilus (5 out of 7 isolates). 
A. skirrowii was not recovered from tested food samples. 
These results are in concordance with previous studies 
that reported A. butzleri as the predominant or the only 
species (75.4–100% of isolates) detected in chicken meat 
and raw cow milk. A. cryaerophilus was the second most 
commonly isolated species (0–21.5% of isolates), while A. 
skirrowii was rarely found (0–3.1% of isolates) [38–41]. 
The ability of A. butzleri to grow in low temperatures 
(4–10 ºC), attach to various pipe surfaces (i.e. stain-
less steel, copper and plastic), form biofilms and survive 
sanitizing procedures explains its persistence in the food 
processing environment and high isolation rates [44–46]. 
In case of RTE salads, the higher prevalence of A. cry-
aerophilus was not reported by previous studies. Dur-
ing our survey, pre-washed RTE salad mix samples were 
tested; therefore, higher A. cryaerophilus occurrence in 
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vegetables might be associated with a higher capacity to 
adhere and survive on plant surfaces.

Contaminated water is considered as another impor-
tant risk factor for public health, and it has been esti-
mated that 63% of A. butzleri infections in humans are 
related to the consumption of or contact with contami-
nated water [6]. Arcobacter spp. were isolated from 36 
out of 128 (28.1%) examined environmental water sam-
ples. This finding is consistent with a study from Canada, 
where Arcobacter was detected in 25.6% (173/676) of 
surface water samples [47]. However, the prevalence in 
environmental waters varies greatly across studies, with 
rates ranging from 20.8 to 58.6% [48, 49]. Out of 36 Arco-
bacter isolates, A. butzleri was the most prevalent species 
(n = 30) followed by A. cryaerophilus (n = 6), which is in 
accordance with other studies [49, 50].

Differences between reported Arcobacter prevalence 
rates in various sources may be due to numerous factors, 
such as examined sample sizes, geographic and seasonal 
variation, implemented hygiene protocols and sanita-
tion procedures on farms and food processing facilities, 
patient populations, sensitivity and specificity of used 
detection methods. Due to the lack of standard isolation 
and cultural identification protocols, the latter aspect is 
of particular importance. According to previous stud-
ies, factors like including a pre-enrichment step, media 
composition and incubation conditions may cause dif-
ferences in recovery rates ranging from 7.1 to 38% [43, 
51–53]. Furthermore, it should be taken into considera-
tion that only stool samples of inpatients were included 
in this study. Arcobacter infections are generally mild and 
do not require hospitalization, hence the overall preva-
lence might be higher than the one reported here. None-
theless, Arcobacter was frequently isolated from chicken 
meat, environmental water, raw cow milk and RTE sal-
ads, which is consistent with previous reports.

Antimicrobial susceptibility of isolated bacteria
At the European Union (EU) level, protocols that were 
developed by the European Food Safety Authority (EFSA) 
and the European Centre for Disease Prevention and 
Control (ECDC) are mainly focused on the harmonized 
monitoring of antimicrobial resistance in Campylobac-
ter and Salmonella from various sources (i.e. food, food-
producing animals and humans) [54]. In contrast to these 
zoonotic pathogens, the AST of Arcobacter is not stand-
ardized (i.e. there are no reference protocols or defined 
standard interpretive criteria). Therefore, data on anti-
microbial susceptibility of Arcobacter spp. are scarce. 
Furthermore, the use of different testing methods and 
breakpoints hinder harmonized monitoring or compara-
tive analysis and can result in therapeutic misguidance. 
Nevertheless, recent reports have indicated resistance of 

Arcobacter spp., isolated from food products, environ-
ment and human clinical samples, to several classes of 
antibiotics (i.e. macrolides, fluoroquinolones, lincosa-
mides, tetracyclines and penicillins) [24, 55–57]. In these 
studies, resistance was determined by applying Euro-
pean Committee on Antimicrobial Susceptibility Testing 
(EUCAST) breakpoints for Campylobacter, Enterobacte-
riaceae and non-species related breakpoints, or Clinical 
and Laboratory Standards Institute (CLSI) breakpoints 
for Campylobacter, Enterobacteriaceae and Staphylococ-
cus spp.

In our study, two different methods were used for the 
isolation of Arcobacter spp. from food products, envi-
ronmental water and human stool samples. However, 
strains from different sources showed similar MIC dis-
tribution patterns (data not shown). Therefore, MIC data 
were aggregated and compared with EUCAST ECOFFs 
for C. jejuni [29]. Although the average nucleotide iden-
tity (ANI) between C. jejuni subsp. jejuni NCTC 11,168 
and A. butzleri RM4018 is around 67% [58], Campylo-
bacter is the most closely related genus to Arcobacter for 
which ECOFFs are available. Regardless of species, none 
of the tested Arcobacter isolates showed elevated MICs 
for gentamicin and tetracycline. These results are in 
concordance with previous studies from Belgium, Spain 
and Iran, where the determined resistance rates for gen-
tamicin and tetracycline were between 0 and 3.6% and 
0–11%, respectively [55, 56, 59]. In general, aminoglyco-
sides (i.e. gentamicin, kanamycin and streptomycin) are 
highly effective against Arcobacter spp. and, therefore, are 
recommended for the treatment of severe infections [7]. 
However, in case of tetracycline, higher resistance rates 
(up to 90.5%) were recently reported [23].

Azithromycin is more effective than erythromycin 
against Campylobacter, which is reflected in 16-fold 
lower ECOFF value. Both of these antibiotics belong 
to the class of macrolides; thus, the changes (i.e. meth-
ylation or mutations) in ribosomal target sites and drug 
efflux usually cause cross-resistance in Campylobacter 
spp. [60]. Surprisingly, Arcobacter spp. AST revealed 
equal or up to 16 times higher azithromycin MIC val-
ues in comparison with those of erythromycin for 145 
(69.7%; data not shown) isolates. Furthermore, MIC data 
for azithromycin were distributed bimodally, while an 
unimodal distribution for erythromycin was found. After 
applying C. coli EUCAST breakpoints, Van den Abeele 
et  al. [56] found that 21.7% (23/106) of the Arcobacter 
strains were resistant to erythromycin. This finding is in 
agreement with our results, as 42 isolates (20.2%) had 
MICs > 8 µg/ml. According to other authors, from 2.8 to 
100% of tested Arcobacter strains were resistant toward 
this antibiotic [59, 61]. High resistance rates pose a seri-
ous risk to public health as erythromycin is critically 
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important for treatment of campylobacteriosis and it 
was suggested to be used in Arcobacter infections [62]. 
As described in previous studies, we also found that the 
majority of azithromycin MICs (96.2%) were equal to or 
above the C. jejuni ECOFF (0.25  µg/ml) [19, 56]. MIC 
data for azithromycin indicated the presence of a sub-
population with reduced susceptibility. Therefore, ele-
vated MICs (≥ 8 µg/ml) were determined for 130 (67.7%) 
A. butzleri and 2 (12.5%) A. cryaerophilus strains. Simi-
larly, Brückner et  al. [19] observed elevated MIC values 
(> 8 µg/ml) for 54.2% A. butzleri and 10% A. cryaerophi-
lus strains. Divergent MIC distribution patterns for mac-
rolides are consistent with the results of a recent study 
from Germany that tested the in vitro susceptibility of 
clinical Arcobacter strains using the same methodology 
[19]. Additionally, erythromycin MIC values peaked at 
4 µg/ml, while azithromycin MIC distribution was char-
acterized by two peaks at 1  µg/ml and 16  µg/ml, which 
is also in agreement with our results. The authors have 
hypothesized that an amino acid substitution (A86E) 
in ribosomal protein L22 and the absence of mutations 
(A2074T or A2075G) in 23  S rRNA gene may result in 
resistance to azithromycin and susceptibility to erythro-
mycin, which is seen in Campylobacter [19, 63]. AST of 
clinical Legionella pneumophila strains showed that there 
is a correlation between reduced susceptibility to azithro-
mycin and the presence of the lpeAB genes encoding a 
macrolide efflux pump [64]. Although Arcobacter spp. do 
not possess these genes, the presence of lpeAB functional 
homologs (encoding MacAB-TolC) was already reported 
[58]. However, whole genome sequence-based analysis of 
Arcobacter is needed in order to determine the genetic 
mechanisms affecting the MICs of different macrolides.

According to EFSA and ECDC [54], ciprofloxacin 
resistance increased during the period from 2015 to 2019 
in C. jejuni strains isolated from humans. In 2019, the 
reported resistance at EU level for C. jejuni and C. coli 
from various sources (i.e. humans, poultry, broiler meat) 
was between 61.5 and 90% and 61.2–89.4%, respectively. 
In comparison with Campylobacter, the resistance rates 
in Arcobacter are lower (ranging from 0 to 27.4%) [24, 56, 
57]. Results of this study are in accordance with previous 
reports as only 18 (8.7%) Arcobacter isolates had elevated 
MICs (≥ 8  µg/ml), while the rest displayed low values 
that ranged between 0.032 and 1 µg/ml. The majority of 
strains (16/18) that had elevated MIC values were iso-
lated from chicken meat. This result can be explained 
by the use of fluoroquinolones in poultry rearing [23]. A 
slightly higher percentage of A. butzleri isolates (8.9%) 
showed reduced susceptibility in comparison to A. cry-
aerophilus (6.3%), which is in line with a study by Rahimi 
et al. [59]. In case of ampicillin, high MICs (≥ 24 µg/ml) 
were determined for 46.9% of A. butzleri isolates, while 

only one A. cryaerophilus strain (6.3%) showed a MIC 
of 24  µg/ml. This result is in agreement with previous 
studies reporting high MICs for A. butzleri and A. cry-
aerophilus strains with rates of 42–100% and 0–23.3%, 
respectively [17, 19, 56]. Furthermore, a majority (23/30, 
76.7%) of A. butzleri strains isolated from environmen-
tal water showed MICs that ranged from 24 µg/ml to > 
256  µg/ml. High rates of resistance (94.4–100%) were 
observed in previous studies involving A. butzleri isolates 
from aquatic environment [24, 65].

According to our results, in case of ciprofloxacin, the C. 
jejuni ECOFF (0.5 µg/ml) could be applied for Arcobac-
ter as isolates with MICs ranging from 0.032 to 0.5  µg/
ml formed a wild-type subpopulation (i.e. bacteria with-
out acquired resistance mechanisms). This result is in 
agreement with previous reports [19, 66]. However, for 
gentamicin, tetracycline, erythromycin, azithromycin 
and ampicillin, various rates of presumptive wild-type 
isolates (i.e. 35.6%, 70.2%, 39.6%, 89.5% and 66%, respec-
tively; Fig. 1) had MICs that were above the ECOFF val-
ues for C. jejuni. Therefore, Arcobacter ECOFFs for these 
antimicrobials may be higher and should be reassessed.

Prevalence of putative virulence genes
Although A. butzleri and A. cryaerophilus are considered 
as emerging zoonotic pathogens, data on virulence and 
pathogenic mechanisms is still limited [7]. The preva-
lence rates of putative virulence genes among Arcobacter 
spp. isolated from human, water and food samples were 
previously reported by several authors [25, 43, 67, 68]. 
However, this is the first study reporting the occurrence 
of virulence genes in Arcobacter strains isolated from dif-
ferent sources in Lithuania.

We examined A. butzleri and A. cryaerophilus iso-
lates for the presence of ten genes (mviN, cadF, cj1349, 
ciaB, pldA, hecA, hecB, tlyA, irgA and iroE) that are 
homologous to virulence factors in C. jejuni and other 
pathogens. The mviN gene encodes a protein essential 
for peptidoglycan biosynthesis. Genes cadF and cj1349 
encode outer membrane proteins, which promote the 
binding of bacteria to intestinal epithelial cells, while 
Campylobacter invasive antigen B (CiaB) contributes 
to host cell invasion. The hecA encodes for an adhesin 
of the filamentous hemagglutinin family. Three genes, 
namely pldA (encoding the outer membrane phospho-
lipase A), hecB (encoding hemolysin activation protein) 
and tlyA (encoding hemolysin), are associated with lysis 
of erythrocytes. Genes irgA and iroE encode functional 
components (iron-regulated outer membrane protein 
and periplasmic enzyme) of iron acquisition system and 
therefore are required for establishing and maintain-
ing infections [28]. However, it is still unknown whether 
Arcobacter spp. putative virulence factors have functions 
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similar to those of their homologues in other pathogens. 
Regardless of isolation source, six genes, namely ciaB, 
mviN, pldA, tlyA, cj1349 and cadF, were identified in 
most or even all A. butzleri isolates (100, 97.9, 95.8, 99, 
99 and 100%, respectively). The high occurrence of these 
genes (ranging between 77.5 and 100%) was reported in 
previous studies after testing A. butzleri isolates from 
human stool, food products and in-line milk filters of 
cow dairy farms [22, 25, 67, 69]. The remaining four 
genes, i.e., hecA, hecB, irgA and iroE, were less prevalent. 
Higher cadF, ciaB, cj1349, mviN, pldA and tlyA detec-
tion rates in comparison with irgA, iroE, hecA, and hecB 
are consistent between most of published studies [22, 
67, 68, 70]. In general, the irgA gene showed the lowest 
occurrence rate (12.5%) and was not detected in isolates 
from human stool, raw cow milk, and RTE salad mixes. 
Similar prevalence rates (ranging from 7.1 to 17.6%) were 
reported previously [22, 55, 69]. The presence of irgA 
gene in A. butzleri from raw cow milk and RTE vegeta-
bles was rarely investigated; however, Girbau et  al. [67] 
and Mottola et al. [42] did not detect irgA in strains that 
were isolated from these sources, which is in line with 
our study. The occurrence of hecA (20.3%), hecB (38.5%) 
and iroE (18.8%) genes is similar to that reported by other 
authors (ranging between 10.8 and 31.3, 29–38.8 and 
12–30%, respectively) [22, 25, 69, 71]. Surprisingly, the 
presence of hecA, irgA and iroE was considerably lower 
in human stool and food isolates compared with environ-
mental water isolates. This is in agreement with Karadas 
et al. [68] who determined higher detection rates for irgA 
(44%), hecA (44%) and iroE (67%) in isolates from water 
in comparison to isolates originating from humans, pork, 
chicken meat, and minced meat. However, in contrast 
to Karadas et al. [68], our results revealed that the gene 
encoding hemolysin activation protein (hecB) was signifi-
cantly more prevalent in strains from water and human 
clinical samples compared with strains from food (P < 
0.05). This difference might be associated with the lower 
number of isolates tested in previous study. Fourteen A. 
butzleri isolates (7.3%), obtained from chicken meat (n 
= 7; 6.1%) and environmental water (n = 7; 23.3%), were 
found to carry all ten putative virulence genes. Slightly 
different rates (ranging from 1.7 to 22.5%) were deter-
mined in studies from Spain and Germany [67, 72]. This 
disparity might be due to differences in the origin of 
tested isolates.

In accordance with other reports [25, 42, 48, 67], we 
observed fewer virulence genes (n = 5) among A. cry-
aerophilus strains in comparison to A. butzleri. For A. 
cryaerophilus, irrespective of origin, two genes (ciaB and 
mviN) were detected in all isolates, whereas cj1349 and 
hecA were present in 12.5%, and tlyA in 25% of isolates. 
The predominance of ciaB and mviN in A. cryaerophilus 

was reported in previous studies involving isolates from 
poultry meat, water and other sources [25, 71]. For bac-
teria originating from vegetables, the data on virulence 
gene distribution is limited to one study, which showed 
partial agreement with our results. In particular, the 
study from Italy reported the presence of cadF and mviN 
in all A. cryaerophilus isolates, while other seven genes 
(i.e. ciaB, cj1349, irgA, hecA, tlyA, hecB and pldA) were 
not detected [42]. According to other authors, the occur-
rence of cj1349, hecA and tlyA in A. cryaerophilus varies 
greatly with rates ranging between 0 and 76.9%, 0–30%, 
and 0–31.8% respectively [42, 67, 73]. Furthermore, cadF 
(6.8–61.5%), pldA (16.9–61.5%) and irgA (2.6–15.9%) 
were also identified in A. cryaerophilus [43, 70, 73]; how-
ever, we did not detect these genes among tested isolates. 
The above-mentioned virulence profile differences within 
A. cryaerophilus species might be associated with higher 
genomic heterogeneity in primer target sequences [70].

Conclusions
In conclusion, the data of this study provide first insight 
into the prevalence, antimicrobial susceptibility and 
putative virulence gene profiles of Arcobacter spp. from 
inpatients, foods of animal origin (chicken meat and raw 
cow milk), ready-to-eat (RTE) salad mixes and environ-
mental water in Lithuania. High contamination rates 
of meat, milk, water and, to a lesser extent, RTE salad 
mixes, and the presence of multiple virulence genes in 
isolated Arcobacter, highlights their potential role in 
the epidemiology of Arcobacter infections. Moreover, 
according to our results, Arcobacter should be considered 
as an etiological factor for human gastroenteritis. Fluoro-
quinolones and aminoglycosides were found to be more 
effective against A. butzleri, and A. cryaerophilus in com-
parison with macrolides, tetracyclines, and aminopeni-
cillins. Antimicrobial susceptibility testing also revealed 
different distribution patterns of minimal inhibitory con-
centration for macrolides (azithromycin and erythromy-
cin). However, further in vitro, in vivo and in silico whole 
genome sequence-based studies are needed in order to (i) 
identify genetic mechanisms causing reduced susceptibil-
ity to antimicrobial agents, (ii) to determine the poten-
tial role of tested virulence factors in the pathogenesis of 
Arcobacter infection, and (iii) to clarify the epidemiologi-
cal situation in other geographic regions.

Methods
Sample collection
In this study, a total of 1862 samples were collected in the 
city of Kaunas, Lithuania. As it is summarized in Table 1, 
human stool, chicken meat, raw cow milk and environ-
mental water samples were collected during a 12-month 
survey, while RTE salad mixes were tested for 11 months. 
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In total, 1200 human stool samples were collected by 
Kaunas Clinical Hospital Microbiology Laboratory for 
the detection of Arcobacter spp. Stool samples were col-
lected prior to antimicrobial treatment from inpatients 
with symptoms of gastroenteritis. All participants were 
de-identified by pseudonymization. Therefore, patient 
data (including medical history) were not accessible. 
Chicken meat (n = 331, including drumsticks and wings), 
raw cow milk (n = 104) and RTE salad mixes (n = 99) 
were purchased from different randomly selected retail 
establishments. Sampling of surface waters (n = 128, 
including lake and river water) was performed along pub-
lic beach sites using sterile 50 ml conical tubes. Food and 
water samples were transported to the laboratory and 
processed within 2 to 4  h of collection. Stool samples 
were transported from the clinical microbiology labora-
tory and tested for the presence of Arcobacter spp. within 
7 days of collection.

Isolation of Arcobacter spp
Depending on the sample type, two different approaches 
were used for the detection of Arcobacter. Isolation of 
Arcobacter spp. from human clinical samples was car-
ried out using selective enrichment method described by 
van Driessche et al. [74]. Briefly, 1 g of feces per sample 
was transferred to sterile test tubes and diluted with 9 ml 
(1:10 dilution) of selective enrichment broth containing 
Arcobacter broth (Oxoid, Thermo Fisher Scientific, Bas-
ingstoke, United Kingdom) (24  g/l), 50 ml/l lysed horse 
blood (Oxoid, Thermo Fisher Scientific), amphotericin B 
(10 mg/l), cefoperazone (16 mg/l), novobiocin (32 mg/l), 
trimethoprim (64 mg/l) and 5-fluorouracil (100 mg/l) (all 
Sigma–Aldrich, Steinheim, Germany). Then, the samples 
were mixed using a vortex mixer and incubated for 72 h 
at 30  °C in a microaerobic atmosphere. Microaerobic 
conditions were produced using CampyGen gas packs 
(Oxoid, Thermo Fisher Scientific). After incubation, 
50  µl of enrichment broth was streaked onto Arcobac-
ter selective agar plates (same composition as described 
above, with the exception of lysed horse blood) and incu-
bated for 48 h (30  °C, microaerobic conditions). Typical 
Arcobacter colonies (small, circular with entire margins, 
convex and whitish-gray) were subcultured onto Mueller-
Hinton agar (Oxoid, Thermo Fisher Scientific) plates sup-
plemented with 50 ml/l defibrinated sheep blood (MHB) 
(Oxoid, Thermo Fisher Scientific) and incubated for 48 h 
(30 °C, microaerobic conditions).

Isolation of Arcobacter spp. from food products and 
water was performed using membrane filtration method 
as previously described by Atabay et  al. [75]. Prior to 
enrichment, water samples were centrifuged (3,500 x 
g for 10  min) and pellets were resuspended in 10 ml 
of Arcobacter broth (AB) with selective supplement 

containing cefoperazone (8  mg/l), amphotericin B 
(10 mg/l) and teicoplanin (4 mg/l) (CAT, Oxoid, Thermo 
Fisher Scientific). Each food sample (1  g or 1 ml) was 
added to AB/CAT at a ratio of 1:10. Subsequently, all 
samples were thoroughly mixed and incubated for 48 h at 
30 °C under microaerobic conditions. Following incuba-
tion, 300  µl from each enriched sample was transferred 
onto a 0.45 μm pore size mixed cellulose ester membrane 
filter (Frisenette, Knebel, Denmark) placed on the surface 
of MHB agar. After 1 h of passive filtration (30 °C, aero-
bic conditions), the filters were aseptically removed and 
plates were incubated at 30 °C in a microaerobic atmos-
phere. The plates were checked every 24 h (up to 7 days) 
for the presence of typical Arcobacter colonies. From 
each plate, five suspected colonies were subcultured onto 
MHB plates for 48 h at 30 °C in microaerobic conditions.

Molecular identification and verification of Arcobacter 
isolates
Template DNA of presumptive Arcobacter isolates was 
prepared using PrepMan® Ultra Reagent (Applied Bio-
systems, Woolston, Warrington, United Kingdom) 
according to the manufacturer‘s specifications. Isolates 
were identified at species level using multiplex poly-
merase chain reaction (mPCR) previously described by 
Houf et  al. [76]. Primers targeting 23  S and 16  S rRNA 
genes for the simultaneous identification of A. cryaero-
philus, A. butzleri and A. skirrowii were used (Table  5). 
Amplification reaction mixture contained 2  µl template 
DNA, 12.5 µl of DreamTaq™ Green PCR Master Mix (2x) 
(Thermo Fisher Scientific, Vilnius, Lithuania), 1 µM of 
each primer ARCO R, BUTZ F, CRY 1, CRY 2, 0.5 µM 
of primer SKIR F and 8.25  µl of molecular grade water 
(Thermo Fisher Scientific) in a total reaction volume of 
25  µl. Prior to cycling, samples underwent initial dena-
turation step at 94  °C for 2 min. This step was followed 
by 32 PCR cycles, consisting of denaturation at 94 °C for 
45 s, annealing at 61 °C for 45 s and extension at 72 °C for 
30 s and a final elongation step at 72 °C for 5 min. DNA 
of A. butzleri (ATCC 49,616), A. cryaerophilus (ATCC 
43,158) and A. skirrowii (ATCC 51,132) were used as 
positive control, while molecular grade water (Thermo 
Fisher Scientific) was used as negative control. Separation 
of amplification products was performed using horizon-
tal electrophoresis in 2% agarose in 1xTris-Borate-EDTA 
(TBE) buffer. The gels were stained with ethidium bro-
mide and visualized under UV light.

Verification of identified isolates was ensured by rpoB 
gene sequencing previously described by Korczak et al. 
[77]. Briefly, rpoB gene amplification was performed in 
a 50 µl PCR-mixture containing 4 µl of template DNA, 
1x PCR buffer, 0.75 U of Taq polymerase, 0.2 mM of 
each deoxynucleoside triphosphate (dNTP), 2.5 mM 
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of  MgCl2 (all from Thermo Fisher Scientific), 0.4 µM of 
each primer CamrpoB-L and RpoB-R. Before cycling, 
samples were subjected to initial denaturation step at 
95  °C for 3  min. PCR involved 35 cycles with follow-
ing conditions: denaturation at 94 °C for 30 s, annealing 
at 54  °C for 30  s and extension at 72  °C for 30  s. Last 
cycle was followed by a final elongation step at 72 °C for 
5  min. Amplified products were separated and visual-
ized as described above. Purification of PCR products 
was performed using GeneJET PCR Purification Kit 
(Thermo Fisher Scientific) according to manufacturer’s 
specifications. Around 30 ng purified PCR products 
were sequenced by GATC (Eurofins GATC Biotech, 
Konstanz, Germany). Identification of species was 
performed by comparing query rpoB sequences with 
BLAST database (NCBI).

Antimicrobial susceptibility testing
All identified and verified isolates were tested for sus-
ceptibility to six antimicrobial agents (azithromycin, 
ampicillin, ciprofloxacin, gentamicin, erythromycin 
and tetracycline) by gradient strip diffusion method 
(E-testTM, bioMérieux, Nürtingen, Germany). The AST 
assays were performed according to the manufacturer’s 
instructions with minor modifications. Briefly, Arcobac-
ter isolates were grown on MHB agar plates under micro-
aerobic atmosphere for 48  h at 30  °C. A small amount 
of colony material from every plate was transferred to 
tubes with 2 ml of Brucella broth (BB) (Biolife, Milan, 
Italy) and incubated overnight (30 °C) under microaero-
bic conditions. These precultures were used to achieve an 
inoculum of approximately 1 ×  108 colony forming units 
(CFU) per ml. Because of the slow growth of A. cryaero-
philus isolates, three overnight cultures per isolate were 

Table 5 List of primers used in this study

Target gene Primer pair Primer sequence (5’–3’) Amplicon size (bp) References

Species identification

 A. butzleri BUTZ F CCT GGA CTT GAC ATA GTA AGA ATG A 401 Houf et al. [76]

 16 S rRNA ARCO R CGT ATT CAC CGT AGC ATA GC

 A. skirrowii SKIR F GGC GAT TTA CTG GAA CAC A 641

 16 S rRNA ARCO R CGT ATT CAC CGT AGC ATA GC

 A. cryaerophilus CRY1 TGC TGG AGC GGA TAG AAG TA 257

 23 S rRNA CRY2 AAC AAC CTA CGT CCT TCG AC

Verification

 rpoB CamrpoB-L CCA ATT TAT GGA TCA AAC 524 Korczak et al. [77]

RpoB-R GTT GCA TGTTNGNACC CAT 

Detection of putative virulence genes

 mviN mviN-F TGC ACT TGT TGC AAA ACG GTG 294 Whiteduck-Leveillee et al. [78]

mviN-R TGC TGA TGG AGC TTT TAC GCA AGC 

 cadF cadF-F TTA CTC CTA CAC CGT AGT 283 Douidah et al. [70]

cadF-R AAA CTA TGC TAA CGC TGG TT

 cj1349 cj1349-F CCA GAA ATC ACT GGC TTT TGAG 659 Whiteduck-Leveillee et al. [78]

cj1349-R GGG CAT AAG TTA GAT GAG GTTCC 

 ciaB ciaB-F TGG GCA GAT GTG GAT AGA GCT TGG A 284

ciaB-R TAG TGC TGG TCG TCC CAC ATA AAG 

 pldA pldA-F TTG ACG AGA CAA TAA GTG CAGC 293

pldA-R CGT CTT TAT CTT TGC TTT CAG GGA 

 hecA hecA-F GTG GAA GTA CAA CGA TAG CAG GCT C 537

hecA-R GTC TGT TTT AGT TGC TCT GCA CTC 

 hecB hecB-F CTA AAC TCT ACA AAT CGT GC 528

hecB-R CTT TTG AGT GTT GAC CTC 

 tlyA tlyA-F CAA AGT CGA AAC AAA GCG ACTG 230

tlyA-R TCC ACC AGT GCT ACT TCC TATA 

 irgA irgA-F TGC AGA GGA TAC TTG GAG CGT AAC T 437

irgA-R GTA TAA CCC CAT TGA TGA GGA GCA 

 iroE iroE-F AAT GGC TAT GAT GTT GTT TAC 415 Karadas et al. [68]

iroE-R TTG CTG CTA TGA AGT TTT G
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prepared. After overnight incubation all cultures from 
one isolate were pooled (6 ml), centrifuged (16,000 x g for 
5 min) and the pellets were resuspended in 0.6 ml of BB 
to yield analogous inoculum concentrations. Escherichia 
coli ATCC 25,922 was used as a quality control in every 
test run (cultured on MHB for 48 h and precultured over-
night in BB for 24 h at 37 °C in an aerobic atmosphere). 
Test strips were applied to MHB agar plates after inocu-
lating them with 100  µl of overnight culture. Minimum 
inhibitory concentrations (MICs) were determined after 
48 h incubation at 30  °C under microaerobic conditions 
(37 °C and aerobic atmosphere for the reference strain of 
E. coli). Only agar plates with a confluent bacterial lawn 
were evaluated.

Detection of virulence genes
The presence of ten putative Arcobacter virulence genes 
was determined by PCR. All primers used are listed in 
Table 4. PCR protocols for partial amplification of cj1349, 
ciaB, mviN, pldA, tlyA, irgA, hecA and hecB were used as 
previously described by Whiteduck-Leveillee et  al. [78]. 
Briefly, PCR assay was carried out in 25 µl volume reac-
tion mixture containing 2  µl template DNA, 12.5  µl of 
DreamTaq™ Green PCR Master Mix (2x) and 0.1 µM of 
each forward and reverse primer. PCR conditions were as 
follows: initial denaturation (95  °C for 4 min), 30 cycles 
of amplification (denaturation at 95 °C for 30 s, annealing 
at 56 °C for 45 s and extension at 72 °C for 45 s) and final 
elongation (72 °C for 5 min). Partial amplification of cadF 
and iroE was carried out using the protocol described 
by Karadas et  al. [68]. The reaction mixture was of the 
same composition as described above, except that prim-
ers were used at 1 µM. The reaction involved initial 
denaturation (95  °C for 4 min), followed by 30 cycles of 
amplification (95 °C for 30 s, 50 °C for 30 s and 72 °C for 
30 s) and ended up with a final elongation step (72 °C for 
5  min). Amplification products were separated by hori-
zontal electrophoresis in 2% agarose in 1xTBE buffer. The 
gels were stained with ethidium bromide. The presence 
of fragments was checked under a UV trans-illuminator.

Statistical analysis
Data were analyzed by using Microsoft Office Excel 2016 
(Microsoft Corp., Redmond, WA, US) and IBM SPSS Sta-
tistics 26.0 software package (IBM Corp., Armonk, NY, 
US). The Pearson’s chi-squared test and Fisher’s exact 
test were performed in order to compare the differences 
between prevalence rates, and to analyze the association 
of the ten putative virulence genes in Arcobacter iso-
lates with their biological origin. In both cases, statistical 
hypotheses were tested between two sources (in various 
combinations) and differences were considered signifi-
cant if P < 0.05.
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