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Abstract

Background
Members of the genus Arcobacter are considered as emerging zoonotic food and waterborne pathogens 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.
cryaerophilus (n = 16; 7.7%). Arcobacter spp. antimicrobial susceptibility testing revealed unimodally distributed aggregated minimal inhibitory
concentrations (MICs) for gentamicin, tetracycline, cipro�oxacin, ampicillin and erythromycin. However, a bimodal distribution for azithromycin was
found with 96.2% of determined MICs above the epidemiological cut-off value (ECOFF) de�ned for C. jejuni (0.25 µg/ml). Majority of the Arcobacter
isolates (n = 187; 89.9%) showed high susceptibility to cipro�oxacin 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 comparison to other antimicrobial agents. However, further studies are needed to determine the pathogenic mechanisms
and factors that facilitate the spread of Arcobacter infections.

Background
After DNA-rRNA, DNA-DNA hybridization and immunnotyping analysis in 1991, Vandamme et al. [1] proposed the genus Arcobacter. 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 genera, however, the
newly proposed classi�cation is still under debate [4, 5]. Due to their ability to form bio�lms 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 origin (at the processing stage and retail), food-processing facilities, environmental waters, sewage and
�oodwater [8–11]. Consumption of contaminated food of animal origin (meat, milk, seafood), vegetables or water is considered as the main route of
transmission to humans [6]. Clinical symptoms associated with Arcobacter gastrointestinal infections in humans include persistent aqueous 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 diagnostic procedures designed for the detection of Arcobacter spp., their prevalence and
signi�cance of infections might be underestimated. To date, the reported prevalence 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
Belgium, respectively [14, 19].

Similar to Campylobacter, Arcobacter cause self-limiting infections which do not require antimicrobial therapy, although cases of severe and chronic
enteritis may necessitate the use of antibiotics [8]. Fluoroquinolones, tetracyclines, macrolides, aminoglycosides and a combination of β-lactam
antibiotics with β-lactamase inhibitors are suggested as viable treatment options in these cases [11, 20]. Nonetheless, a recent meta-analysis indicated
that between 69.3–99.2%, 4.3–14%, 10.7–39.8% and 0.8–7.1% of Arcobacter spp. isolates have shown reduced susceptibility to penicillins,
�uoroquinolones, macrolides and tetracyclines, respectively [21]. Furthermore, other studies revealed reduced susceptibility to multiple antimicrobials in
up to 89% of Arcobacter strains isolated from human clinical samples, animals, food products and environment [22–25].

In vitro human and animal cell culture assays have shown that Arcobacter species have pathogenic properties (adhesion, invasion, cytotoxicity and ability
to upregulate interleukin-8 expression) that are signi�cant for the colonization of host tissues and establishing infection [26–28]. The ability of tested
strains to attach to different cell lines (Caco-2, Hep-2, IPEC-J2, HT-29, HeLa) and production of toxins are the most commonly observed traits, with an
occurrence of 78% (149/190) and 82% (165/201), respectively [7]. Bücker et al. [29] 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 �ux type of diarrhea. The analysis of A. butzleri RM4018 whole genome sequence revealed the presence of
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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) [30].

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
contamination of food products and environment, antimicrobial resistance, and occurrence of putative virulence genes complicates the assessment of
the potential risk to public health. Therefore, the objectives of this study were (i) to determine the prevalence of Arcobacter species in different 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 MIC distribution data, and (iii) to evaluate the pathogenic potential of strains by determining the occurrence of
virulence-associated genes.

Results
Prevalence of Arcobacter 

As summarized in Table 1, Arcobacter species were isolated from 208 (11.2%) out of the 1862 samples tested. The isolation rate of Arcobacter varied
among different sample 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%). Differences between the prevalence of Arcobacter in all sources were statistically signi�cant, with
the exception of prevalence in water and raw milk, and prevalence in chicken meat and water (P > 0.05). Only two species were identi�ed by multiplex PCR
and rpoB sequencing: A. butzleri (192 of 208 isolates, 92.3%) and A. cryaerophilus (16 of 208 isolates, 7.7%). Two-proportion test revealed that the
number of isolated A. butzleri was signi�cantly higher than A. cryaerophilus (P < 0.05). 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 distributed aggregated minimal inhibitory
concentrations (MICs) for gentamicin, tetracycline, cipro�oxacin, ampicillin and erythromycin, whereas a bimodal distribution for azithromycin was
detected (Fig. 1). The MICs of gentamicin and tetracycline were distributed around the epidemiological cut-off (ECOFF) values de�ned for C. jejuni (1
µg/ml for both antimicrobials), with no interspecies differences (Fig. 1 and 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 values 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). Additionally, 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 cipro�oxacin 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. cryaerophilus strains showed elevated MICs for cipro�oxacin (≥ 8 µg/ml; Table 2). The MICs of
ampicillin (ranging from 0.5 to > 256 µg/ml, mode = 16 µg/ml; Table 2) were distributed 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 isolates
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 �ve were identi�ed in A. cryaerophilus. The majority of A. butzleri 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). 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 pro�le 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 signi�cant 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). 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
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observed among isolates from environmental water. These rates were signi�cantly 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 signi�cantly 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
95.6-100%) 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 serious hazards to human health by the
International Commission on Microbiological Speci�cations for Foods (ICMSF, 2002) [32]. However, due to missing standardized isolation and
identi�cation methods, Arcobacter spp. prevalence data in various countries remain undetermined. This is the �rst study analyzing the prevalence of
Arcobacter spp. in different sources in Lithuania by using Arcobacter-speci�c detection methods combined with molecular identi�cation and veri�cation.

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 �nding 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, 33]. Other studies,
conducted in Turkey, Germany, New Zealand, India, Chile and Belgium, reported different prevalence rates ranging from 0.3 to 4% [17–19, 34–36]. After
identi�cation using multiplex PCR and veri�cation by rpoB sequencing all isolates were classi�ed 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, 35]. According to other authors, A. cryaerophilus and
A. skirrowii can also be isolated from human stool samples. 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, 36, 37]. 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
contaminated food products is considered as one of the main risk factors for human infection [7, 38]. The reported prevalence of Arcobacter species in
foods varies greatly among different studies. However, most studies agree that the contamination rates of poultry meat are higher in comparison to red
meat, raw cow milk and vegetables [24, 39–41]. In this study, Arcobacter spp. were isolated from all food products, 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 cow 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 [42, 43]. 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, 44–46]. 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 contamination of leafy
green vegetables (4.4%, 4/90) from a study in South Korea [24, 47, 48]. Regarding the distribution 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) [43–46]. The ability of A. butzleri to grow in low temperatures (4-10 ºC), attach to various pipe surfaces (i.e. stainless steel, copper and plastic),
form bio�lms and survive sanitizing procedures explains its persistence in the food processing environment and high isolation rates [49–53]. In case of
RTE salads, the higher prevalence of A. cryaerophilus was not reported by previous studies. During our survey, pre-washed RTE salad mix samples were
tested; therefore, higher A. cryaerophilus occurrence in vegetables might be associated with a higher capacity to adhere and survive on plant surfaces.

Contaminated water is considered as another important risk factor for public health, and it has been estimated that 63% of A. butzleri infections in
humans are related to the consumption of or contact with contaminated water [6]. Arcobacter spp. were isolated from 36 out of 128 (28.1%) examined
environmental water samples. This �nding is consistent with a study from Canada, where Arcobacter was detected in 25.6% (173/676) of surface water
samples [54]. However, the prevalence in environmental waters varies greatly across studies, with rates ranging from 20.8 to 58.6% [55, 56]. Out of 36
Arcobacter isolates, A. butzleri was the most prevalent species (n = 30) followed by A. cryaerophilus (n = 6), which is in accordance with other studies [56,
57].

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 sanitation procedures on farms and food processing facilities, patient
populations, sensitivity and speci�city of used detection methods. Due to the lack of standard isolation and cultural identi�cation protocols, the latter
aspect is of particular importance. According to previous studies, factors like including a pre-enrichment step, media composition and incubation
conditions may cause differences in recovery rates ranging from 7.1 to 38% [48, 58–60]. Furthermore, it should be taken into consideration that only stool
samples of inpatients were included in this study. Arcobacter infections are generally mild and do not require hospitalization, hence the overall prevalence
might be higher than the one reported here. Nonetheless, Arcobacter was frequently isolated from chicken meat, environmental water, raw cow milk and
RTE salads, which is consistent with previous reports.
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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 Campylobacter and Salmonella from
various sources (i.e. food, food-producing animals and humans) [61]. In contrast to these zoonotic pathogens, the AST of Arcobacter is not standardized
(i.e. there are no reference protocols or de�ned standard interpretive criteria). Therefore, data on antimicrobial susceptibility of Arcobacter spp. are scarce.
Furthermore, the use of different testing methods and breakpoints hinder harmonized monitoring or comparative analysis and can result in therapeutic
misguidance. Nevertheless, recent reports have indicated resistance of Arcobacter spp., isolated from food products, environment and human clinical
samples, to several classes of antibiotics (i.e. macrolides, �uoroquinolones, lincosamides, tetracyclines and penicillins) [25, 62–64]. In these studies,
resistance was determined by applying European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoints for Campylobacter,
Enterobacteriaceae and non-species related breakpoints, or Clinical and Laboratory Standards Institute (CLSI) breakpoints for Campylobacter,
Enterobacteriaceae and Staphylococcus spp.  

In our study, two different methods were used for the isolation of Arcobacter spp. from food products, environmental water and human stool samples.
However, strains from different sources showed similar MIC distribution patterns (data not shown). Therefore, MIC data were aggregated and compared
with EUCAST ECOFFs for C. jejuni [31]. 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 gentamicin
and tetracycline were between 0-3.6% and 0-11%, respectively [62, 63, 65]. In general, aminoglycosides (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 [24].

Azithromycin is more effective than erythromycin against Campylobacter, which is re�ected in 16-fold lower ECOFF value. Both of these antibiotics
belong to the class of macrolides; thus, the changes (i.e. methylation or mutations) in ribosomal target sites and drug e�ux usually cause cross-
resistance in Campylobacter spp. [66]. Surprisingly, Arcobacter spp. AST revealed equal or up to 16 times higher azithromycin MIC values 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. [63] found that 21.7% (23/106) of the
Arcobacter strains were resistant to erythromycin. This �nding 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 [65, 67]. High resistance rates pose a serious risk to
public health as erythromycin is critically important for treatment of campylobacteriosis and it was suggested to be used in Arcobacter infections [68]. 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,
63]. MIC data for azithromycin indicated the presence of a subpopulation with reduced susceptibility. Therefore, elevated MICs (≥ 8 µg/ml) were
determined for 130 (67.7%) A. butzleri and 2 (12.5%) A. cryaerophilus strains. Similarly, Brückner et al. [19] observed elevated MIC values (> 8 µg/ml) for
54.2% A. butzleri and 10% A. cryaerophilus strains. Divergent MIC distribution patterns for macrolides 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 characterized 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 23S rRNA gene may result in resistance to azithromycin and susceptibility to erythromycin, which is seen in Campylobacter [19, 69]. AST of
clinical Legionella pneumophila strains showed that there is a correlation between reduced susceptibility to azithromycin and the presence of the lpeAB
genes encoding a macrolide e�ux pump [70]. Although Arcobacter spp. do not possess these genes, the presence of lpeAB functional homologs
(encoding MacAB-TolC) was already reported [71]. 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 [61], cipro�oxacin 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 61.5-90% and 61.2-
89.4%, respectively. In comparison with Campylobacter, the resistance rates in Arcobacter are lower (ranging from 0 to 27.4%) [25, 63, 64]. 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 0.032-1 µg/ml. The majority of strains (16/18) that had elevated MIC values were isolated from chicken meat. This result can be
explained by the use of �uoroquinolones in poultry rearing [24]. A slightly higher percentage of A. butzleri isolates (8.9%) showed reduced susceptibility in
comparison to A. cryaerophilus (6.3%), which is in line with a study by Rahimi et al. [65]. 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. cryaerophilus strains with rates of 42-100% and 0-23.3%, respectively [17, 19, 63]. Furthermore, a majority
(23/30, 76.7%) of A. butzleri strains isolated from environmental 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 [25, 72].   

According to our results, in case of cipro�oxacin, the C. jejuni ECOFF (0.5 µg/ml) could be applied for Arcobacter as isolates with MICs ranging from
0.032 to 0.5 µg/ml formed a wild-type subpopulation (i.e. bacteria without acquired resistance mechanisms). This result is in agreement with previous
reports [19, 73]. However, for gentamicin, tetracycline, erythromycin, azithromycin and ampicillin, various rates of presumptive wild-type isolates (i.e.
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35.6%, 70.2%, 39.6%, 89.5% and 66%, respectively; Fig. 1) had MICs that were above the ECOFF values 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 prevalence rates of putative virulence genes among Arcobacter spp. isolated from human, animal and food samples were previously
reported by several authors [26, 48, 74–76]. However, this is the �rst study reporting the occurrence of virulence genes in Arcobacter strains isolated from
different sources in Lithuania. 

We examined A. butzleri and A. cryaerophilus isolates for the presence of ten genes that are homologous to virulence factors in C. jejuni and other
pathogens. Regardless of isolation source, six genes, namely ciaB, mviN, pldA, tlyA, cj1349 and cadF, were identi�ed 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 77.5-100%) was reported in previous
studies after testing A. butzleri isolates from human stool, food products, animal feces, in-line milk �lters of cow dairy farms, slaughterhouse processing
water and processing line equipment [23, 26, 74–77]. The remaining four genes, i.e., hecA, hecB, irgA and iroE, were less prevalent. Higher cadF, ciaB,
cj1349, mviN, pldA and tlyA detection rates in comparison with irgA, iroE, hecA, and hecB are consistent between most of published studies. 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 [23, 62, 77]. The presence of irgA gene in A. butzleri from raw cow milk and RTE
vegetables was rarely investigated; however, Girbau et al. [75] and Mottola et al. [47] 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 10.8-31.3%, 29-48% and 12-30%, respectively) [23, 26, 77–79]. Surprisingly, the presence of hecA, irgA and iroE was considerably lower in human
stool and food isolates compared with environmental water isolates. This is in agreement with Karadas et al. [76] 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., our results revealed that the gene encoding hemolysin activation protein (hecB) was signi�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 determined in studies from
Spain and Germany [75, 80]. This disparity might be due to differences in the origin of tested isolates. 

In accordance with other reports [26, 47, 55, 75, 79], we observed fewer virulence genes (n = 5) among A. cryaerophilus 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
chicken meat, water and other sources [26, 74, 78]. For bacteria 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 [47]. According to other authors, the occurrence of cj1349,
hecA and tlyA in A. cryaerophilus varies greatly with rates ranging between 0-76.9%, 0-30%, and 0-31.8% respectively [47, 75, 81]. Furthermore, cadF (0-
100%), pldA (0-61.5%) and irgA (0-15.9%) were also identi�ed in A. cryaerophilus [47, 48, 81, 82]; however, we did not detect these genes among tested
isolates. The above-mentioned virulence pro�le differences within A. cryaerophilus species might be associated with higher genomic heterogeneity in
primer target sequences [83].

Conclusions
In conclusion, the data of this study provide �rst insight into the prevalence, antimicrobial susceptibility and putative virulence gene pro�les of Arcobacter
spp. from inpatients, foods of animal origin (chicken meat and raw cow milk), ready-to-eat (RTE) salad mixes and environmental 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. Fluoroquinolones and aminoglycosides were found to be more effective against A. butzleri, and A.
cryaerophilus in comparison with macrolides, tetracyclines, and aminopenicillins. Antimicrobial susceptibility testing also revealed different distribution
patterns of minimal inhibitory concentration for macrolides (azithromycin and erythromycin). 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 susceptibility to antimicrobial agents, (ii) to determine the
potential role of tested virulence factors in the pathogenesis of Arcobacter infection, and (iii) to clarify the epidemiological situation in other geographic
regions.

Methods
Sample collection 

In this study, a total of 1862 samples collected between 2018-2020 in the city of Kaunas, Lithuania were tested. Human stool samples (n = 1200) were
collected by Kaunas Clinical Hospital Microbiology Laboratory. Only fecal samples submitted for the detection of bacterial pathogens were examined.
These samples were collected from inpatients with symptoms of gastroenteritis. Patient data were not accessible, because participants were de-identi�ed
by pseudonymization. Chicken meat (n = 331, including drumsticks and wings), raw cow milk (n = 104) and ready-to-eat salad mixes (n = 99) were
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purchased from different randomly selected retail establishments. Sampling of surface waters (n = 128, including lake and river water) was performed
along public 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 laboratory 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 species from human clinical
samples was carried out using selective enrichment method described by van Driessche et al. [84]. Brie�y, 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 Scienti�c,
Basingstoke, United Kingdom) (24 g/l), 50 ml/l lysed horse blood (Oxoid, Thermo Fisher Scienti�c), amphotericin B (10 mg/l), cefoperazone (16 mg/l),
novobiocin (32 mg/l), trimethoprim (64 mg/l) and 5-�uorouracil (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 Scienti�c). After incubation, 50 µl of enrichment broth was streaked onto Arcobacter selective agar plates (same composition as described
above, with the exception of lysed horse blood) and incubated 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 Scienti�c) plates supplemented with 50 ml/l
de�brinated sheep blood (MHB) (Oxoid, Thermo Fisher Scienti�c) and incubated for 48 h (30°C, microaerobic conditions).

Isolation of Arcobacter spp. from food products and water was performed using membrane �ltration method as previously described by Atabay et al. [85].
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 Scienti�c). 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 incubation, 300 µl from each enriched sample was transferred onto a 0.45 µm pore size mixed cellulose ester
membrane �lter (Frisenette, Knebel, Denmark) placed on the surface of MHB agar. After 1 h of passive �ltration (30°C, aerobic conditions), the �lters were
aseptically removed and plates were incubated at 30°C in a microaerobic atmosphere. The plates were checked every 24 h (up to 7 days) for the presence
of typical Arcobacter colonies. From each plate, �ve suspected colonies were subcultured onto MHB plates for 48 h at 30°C in microaerobic conditions.

Molecular identi�cation and veri�cation of Arcobacter isolates

Template DNA of presumptive Arcobacter isolates was prepared using PrepMan® Ultra Reagent (Applied Biosystems, Woolston, Warrington, United
Kingdom) according to manufacturer‘s speci�cations. Isolates were identi�ed at species level using multiplex polymerase chain reaction (mPCR)
previously described by Houf et al. [86]. Brie�y, ampli�cation reaction mixture contained 2 µl template DNA, 12.5 µl of DreamTaq™ Green PCR Master Mix
(2x) (Thermo Fisher Scienti�c, Vilnius, Lithuania), 1 µM of each primer ARCO R, BUTZ F, CRY 1, CRY 2, 0.5 µM of primer SKIR and 8.25 µl of molecular
grade water (Thermo Fisher Scienti�c) in a total reaction volume of 25 µl. Prior to cycling, samples underwent initial denaturation 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
�nal elongation step at 72°C for 5 min. Separation of ampli�cation products was performed using horizontal electrophoresis in 2% agarose in 1xTris-
Borate-EDTA (TBE) buffer. The gels were stained with ethidium bromide and visualized under UV light. 

Veri�cation of identi�ed isolates was ensured by rpoB gene sequencing previously described by Korczak et al. [87]. Brie�y, rpoB gene ampli�cation 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 of MgCl2 (all from Thermo Fisher Scienti�c), 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 following 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 �nal elongation step at 72°C for 5 min. Ampli�ed products were separated and
visualized as described above. Puri�cation of PCR products was performed using GeneJET PCR Puri�cation Kit (Thermo Fisher Scienti�c) according to
manufacturer’s speci�cations. Around 30 ng puri�ed PCR products were sequenced by GATC (Euro�ns GATC Biotech, Konstanz, Germany). Identi�cation
of species was performed by comparing query rpoB sequences with BLAST database (NCBI). 

Antimicrobial susceptibility testing

All identi�ed and veri�ed isolates were tested for susceptibility to six antimicrobial agents (azithromycin, ampicillin, cipro�oxacin, gentamicin,
erythromycin and tetracycline) by gradient strip diffusion method (E-testTM, bioMérieux, Nürtingen, Germany). In summary, Arcobacter isolates were
grown on MHB agar plates under microaerobic 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 microaerobic conditions. These precultures were used to
achieve an inoculum of approximately 1 x 108 colony forming units (CFU) per ml. Because of the slow growth of A. cryaerophilus isolates, three overnight
cultures per isolate were 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 25922 was used as a quality control in every
test run (cultured on MHB for 48 h and precultured overnight in BB for 24 h at 37°C in an aerobic atmosphere). Test strips were applied to MHB agar
plates after inoculating 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).

Detection of virulence genes
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The presence of ten putative Arcobacter virulence genes was determined by PCR. Primers and PCR protocols for partial ampli�cation of cj1349, ciaB,
mviN, pldA, tlyA, irgA, hecA and hecB were used as previously described by Whiteduck-Leveillee et al. [88]. Brie�y, PCR assay was carried out in 25 µl
volume reaction 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 ampli�cation (denaturation at 95°C for 30 s, annealing at 56°C for 45 s
and extension at 72°C for 45 s) and �nal elongation (72°C for 5 min). Partial ampli�cation of cadF and iroE was carried out using the protocol described
by Karadas et al. [76]. The reaction mixture was of the same composition as described above, except that primers were used at 1 µM. The reaction
involved initial denaturation (95°C for 4 min), followed by 30 cycles of ampli�cation (95°C for 30 s, 50°C for 30 s and 72°C for 30 s) and ended up with a
�nal elongation step (72°C for 5 min). Ampli�cation products were separated by horizontal 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 O�ce Excel 2016 (Microsoft Corp., Redmond, WA, US) and IBM SPSS Statistics 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 isolates with their biological origin. In both cases, statistical
hypotheses were tested between two sources (in various combinations) and differences were considered signi�cant if P < 0.05.
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Tables
Table 1: Prevalence of Arcobacter spp. in the examined samples

Matrix Sampling perioda No. of
samples

No. of positive samples (%)

Arcobacter spp. A.
butzleri

A.
cryaerophilus

A.
skirrowii

Chicken meat  OCT 2018 - SEP 2019 331 119 (36) 114
(95.8)

5 (4.2) - 

Raw cow milk JAN 2019 - DEC 2019 104 26 (25) 26 (100) - -

RTE salad mixes NOV 2018 -     MAR 2019 and MAY 2019 - OCT
2019

99 7 (7.1) 2 (28.6) 5 (71.4) -

Environmental
water

DEC 2018 - NOV 2019 128 36 (28.1) 30 (83.3) 6 (16.7) -

Human stool MAR 2019 - FEB 2020 1200 20 (1.7) 20 (100) - -

Total  1862 208 (11.2) 192
(92.3)

16 (7.7) -

a Chicken meat, raw cow milk, environmental water and human stool samples were collected during a 12-month survey, while RTE vegetables were tested
for 11 months due to lack of local production in April

Table 2: MIC data on six antimicrobial agents for 192 A. butzleri and 16 A. cryaerophilus isolates
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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 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
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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

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

Table 3: Distribution of putative virulence genes in 208 Arcobacter isolates from various sources

Species Source (n) No. of isolates generating a virulence-associated gene amplicon (%)

cadF cj1349 mviN ciaB pldA tlyA hecA hecB iroE irgA

A. butzleri Human stool (20) 20
(100)

20
(100)

20
(100)

20
(100)

19 (95) 20
(100)

1 (5) 12 (60) 0 (0) 0 (0)

Food (142) 142
(100)

140
(98.6)

138
(97.2)

142
(100)

135
(95.1)

140
(98.6)

26
(18.3)

42
(29.6)

20
(14.1)

11
(7.7)

     Chicken meat
(114)

114
(100)

112
(98.2)

112
(98.2)

114
(100) 

109
(95.6)

113
(99.1)

24
(21.1)

29
(25.4)

20
(17.5)

11
(9.6)

     Raw cow milk
(26)

26
(100)

26
(100)

24
(92.3)

26
(100)

24
(92.3)

25
(96.2)

0 (0) 11
(42.3)

0 (0) 0 (0)

     RTE salad mixes
(2)

2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 0 (0) 0 (0)

Environmental water
(30)

30
(100)

30
(100)

30
(100)

30
(100)

30
(100)

30
(100)

12 (40) 20
(66.7)

16
(53.3)

13
(43.3)

Total (192) 192
(100)

190
(99)

188
(97.9)

192
(100)

184
(95.8)

190
(99)

39
(20.3)

74
(38.5)

36
(18.8)

24
(12.5)

A.
cryaerophilus

Food (10) 0 (0) 1 (10) 10
(100)

10
(100)

0 (0)  1 (10) 2 (20) 0 (0) 0 (0) 0 (0)

     Chicken meat (5) 0 (0) 1 (20) 5 (100) 5 (100) 0 (0)  1 (20) 1 (20) 0 (0) 0 (0) 0 (0)

     RTE salad mixes
(5)

0 (0) 0 (0) 5 (100) 5 (100) 0 (0)  0 (0) 1 (20) 0 (0) 0 (0) 0 (0)

Environmental water
(6)

0 (0) 1 (16.7) 6 (100) 6 (100) 0 (0)  3 (50) 0 (0) 0 (0) 0 (0) 0 (0)

Total (16) 0 (0) 2 (12.5) 16
(100)

16
(100)

0 (0)  4 (25) 2
(12.5)

0 (0) 0 (0) 0 (0)

 

Table 4: Virulence gene pro�les of A. butzleri and A. cryaerophilus isolates
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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
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ciaB, mviN, pldA, tlyA, irgA, hecA,
hecB, cj1349, iroE, cadF

7 (6.1) 7 (23.3)

 

Figures

Figure 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 [31]. 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.


