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Abstract: There is an endless demand for livestock-originated food, so it is necessary to elucidate
the hazard points for livestock breeding. Pathogens are one of the hazard points that threaten
the biosecurity of farm-animal breeding and public health. As a potential foodborne pathogen,
Aliarcobacter is a member of the intestinal microbiota of farm animals with and without diarrhea.
Aliarcobacter spp. are capable of colonizing livestock intestines and are transmitted through the feces.
Hence, they endanger slaughterhouses and milk products with fecal contamination. They also have
other, rarer, vertical and horizontal transmission routes, including the offspring that abort in farm
animals. Gastrointestinal symptoms and abort cases demonstrate potential financial losses to the
industry. Viewed from this perspective, the global circulation of farm-animal products is a significant
route for zoonotic agents, including Aliarcobacter. In the last decade, worldwide prevalence of
Aliarcobacter in fecal samples has ranged from 0.8% in Italy to 100% in Turkey. Furthermore, antibiotic
resistance is recognized as a new type of environmental pollutant and has become a hot topic in
animal breeding and the food industry. Increasing antibiotic resistance has become a significant
problem impacting productivity. The increase in antimicrobial resistance rates in Aliarcobacter is
caused by the misuse of antimicrobial drugs in livestock animals, leading to the acquiring of resistance
genes from other bacteria, as well as mutations in current resistance genes. The most resistant strains
are A. butzleri, A. cryaerophilus, and A. skirrowii. This review analyzes recent findings from the
past decade on the prevalence of Aliarcobacter in the intestinal microbiota and the current effective
antibiotics against Aliarcobacter. The paper also highlights that A. cryaerophilus and A. skirrowii are
found frequently in diarrheal feces, indicating that Aliarcobacter should be studied further in livestock
diarrheal diseases. Moreover, Aliarcobacter-infected farm animals can be treated with only a limited
number of antibiotics, such as enrofloxacin, doxycycline, oxytetracycline, and gentamicin.

Keywords: Aliarcobacter; livestock; fecal microbiota; antimicrobial resistance

1. Introduction

The genus Arcobacter belongs to the family Campylobactereaceae [1]. The number of
novel species has increased dramatically in the last five years. The genus Arcobacter has
been divided into six genera—Arcobacter, Aliarcobacter gen. nov., Pseudoarcobacter gen. nov.,
Halarcobacter gen. nov., Malaciobacter gen. nov., and Poseidonibacter gen. nov. The 16S rRNA
genetic similarity of some species has been observed to be low. The genus Aliarcobacter
gen. nov. comprises Aliarcobacter cryaerophilus comb. nov., Aliarcobacter butzleri comb. nov.,
Aliarcobacter skirrowii comb. nov., Aliarcobacter thereius comb. nov., Aliarcobacter trophiarum
comb. nov., Aliarcobacter lanthieri comb. nov., and Aliarcobacter faecis comb. nov. [2,3].
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While 29 species were identified before 2019 [4], this number was updated to 33 in 2020 [5].
A. vitoriensis sp. nov. [6] and A. vandammei sp. nov. [7] are recorded as the two most recently
identified species. Furthermore, A. faecis, and A. lanthieri have been identified as emerging
pathogens that could harm humans and animals [8].

The genus Aliarcobacter, with its new name, is a Gram-negative curved rod, and is
motile with a single polar flagellum. It is 0.2 to 0.5 µm in diameter and 1 to 3 µm long,
and is oxidase- and catalase-positive. Aliarcobacter do not produce fluorescent pigments.
Some species may grow in the presence of safranin or oxgall, but they do not occur in
the presence of 2, 3, 5-triphenyltetrazolium chloride (0.04%, w/v), glycine (1% w/v), or
4% NaCl [2]. Colonies on blood-agar plates after three days of incubation have a diameter
of 2 to 4 mm, and most are round and whitish.

However, there is still no standard isolation protocol, so the current isolation tech-
niques may not lead us to a reliable result [9]. Nevertheless, there have been different
approaches for isolating Aliarcobacter in recent years. The study by Merga et al. [10] com-
pared the five most commonly used isolation methods and found that the “Arcobacter broth-
mCCDA-Columbia Agar” isolation method [11,12], in which the selectivity was achieved
with selective antibiotics instead of filtration, was more specific and sensitive than the other
methods. Aliarcobacter species were identified by Celik and Ikiz [13] using the multiplex
polymerase chain reaction (mPCR) technique in all isolates, and this proved the selectivity
of the “Arcobacter broth-mCCDA-Columbia Agar” method. Moreover, A. skirrowii was
isolated at a high rate in Celik and Ikiz’s [13] investigation, which was similar to the results
of Merga et al. [10]. This was surprising, as A. skirrowii strains were known to be the most
susceptible strains to antibiotics [14]. It was reported that A. skirrowii was the species that
showed the least sensitivity to the substances used in the medium, followed by A. butzleri
and A. cryaerophilus [10].

Aliarcobacter has been isolated from cases with clinical symptoms, such as acute or
chronic watery diarrhea (21%) in pigs and abortions (41.8%) in sows [15–17]. Nachamkin
et al. [18] reported that A. butzleri was isolated from fecal samples of swine, cattle, horses,
ostriches, and tortoises with diarrhea, and A. skirrowii was isolated from sheep and cattle
with diarrhea and hemorrhagic colitis. Vandamme et al. [19–21] detected A. skirrowii and
A. butzleri in lambs with enteritis. However, there have been many studies that have
proven that Aliarcobacter strains can be detected in healthy cattle, sheep, and pigs [10,20,21].
Regarding healthy chicken fecal samples, the prevalence is low as a result of avian body
temperature being 41.8 ◦C, being that the majority of strains grow at 18 ◦C to 37 ◦C [22,23].
To sum up, water, animal, human clinical specimens, foodstuffs, and food facilities are
natural habitats and environments of Aliarcobacter [5].

The purposes of this review were to (i) show the prevalence rates of Aliarcobacter
species in the feces of farm animals and the change in antibiotic-resistance rates from
2012 to 2022, as well as to (ii) indicate effective antibiotics for treatment and to (iii) describe
the factors influencing prevalence.

Research information was focused on studies of the prevalence of A. butzleri, A.
cryaerophilus, and A. skirrowii in the feces of farm animals over the past decade. A database
was gathered from experiments where Aliarcobacter species were specified. This included
publications that were obtained from the ISI Web of Science database, Scopus, and Springer
Link using the words as keywords.

1.1. Virulence Factors

In the last 20 years, research on Aliarcobacter pathogenicity and virulence mechanisms
has contributed to the fight against the disease [1,24]. Putative virulence determinants have
been identified in Campylobacter. However, until recently, little was known about the genes
that directly generate the infection of Aliarcobacter, although recent research has shed some
light on virulence factors.

A. butzleri has been described as potentially the most virulent Aliarcobacter species,
and the fecal shedding was observed to be longer for A. Butzleri than for other Aliarcobacter



Microorganisms 2022, 10, 2430 3 of 17

species. Furthermore, A. Butzleri was detected to have spread to the majority of tissues,
including the liver, kidney, ileum, and brain. On the contrary, A. Cryaerophilus and A.
Skirrowii were not seen in these tissues, indicating that these agents may not pass through
the intestinal wall [25].

The pathogenesis of A. Butzleri is dependent on the host species and breed. In contrast
to the colonization and mortality found in Beltsville white turkeys, A. Butzleri was unable
to colonize standard chickens and turkeys [26]. Rats that had been infected with A. Butzleri
or A. Cryaerophilus strains developed diarrhea, electrolyte imbalance, and changes in
haematological parameters. Aliarcobacter disease may be dose-dependent, indicating that
oral doses resulted in varying the progress of disease between mild and diarrhea [27].

Villarruel-Lopez et al. [28] sampled beef, pork, and chicken meat to determine Aliar-
cobacter cytotoxicity against Vero cells. Only the pork meat was found to have A. Butzleri,
A. Skirrowii, and A. Cryaerophilus. It was reported that 95% of the Aliarcobacter isolates
produced a virulence mechanism against Vero cells, including cell elongation and the for-
mation of vacuoles. It was the first time that Aliarcobacter spp. Were recorded as producing a
vacuolating toxin. By using PCR, Miller et al. [29] detected that A. Butzleri ATCC 49616 had
cadF and cj1349 genes encoding fibronectin-binding proteins, which promote the binding
of bacteria to intestinal cells; ciaB, which encodes invasion antigen B that contributes to
host cell invasion; the virulence factor mviN (inner membrane protein required for pep-
tidoglycan biosynthesis); the gene pldA, which encodes outer membrane phospholipase
A associated with lysis of erythrocytes; the hemolysin gene tlyA; the iron-regulated outer
membrane protein (irgA); filamentous hemagglutinin (hecA); and hemolysin-activation
protein (the gene hecB).

There are other important factors, such as enterotoxins, adherence, invasiveness, and
penetrability, that influence the pathogenesis of bacteria. Aliarcobacter was determined to
be capable of generating disease by attaching to the surface of epithelial cells or invading
the intestinal epithelial cells and replicating in the intestinal lumen [30]. Douidah et al. [31]
designed a rapid detection method (PCR) for putative virulence genes for Aliarcobacter
strains. hecA and hecB were detected significantly more in cattle strains than in pig and
chicken strains (p < 0.05). tlyA was found more frequently in A. cryaerophilus strains from
pigs than in those from chickens (p < 0.05).

Levican et al. [24] emphasized that Aliarcobacter species are potential pathogens of
humans and also described A. trophiarum and A. defluvii as potentially more virulent. In
their research, they isolated Aliarcobacter species mostly from animal feces and sewage and
nearly all were found to be adhesive to Caco-2 cells. Among their isolates the most invasive
strains were detected from A. trophiarum (3/3), A. skirrowii (1/2), A. cryaerophilus (1/5), A.
butzleri (2/12), and A. defluvii (1/8). As a remarkable result, A. trophiarum (all from feces of
pig and chicken) was significantly (p < 0.05) more invasive than the other species.

The authors continued to detect putative genes by PCR from different isolates in
livestock. Sekhar et al. [32] studied fecal samples and predominantly detected the genes of
ciaB, cj1349, mviN, cadF, pldA, and tlyA. In addition, the presence of cytolethal distending
toxin (cdtA, cdtB, and cdtC) genes in A. faecis and A. lanthieri reference strains was revealed
with high frequencies. cadF, ciaB, mviN, pldA, and tylA are considered common virulence
genes in A. butzleri and A. skirrowii strains [33]. Although A. thereius and A. mytili lack
virulence genes, they were able to bind and invade Caco-2 cell lines [24].

Potential virulence factors must be evaluated in order to determine their clinical signif-
icance in humans and animals. Based on the data so far, we understand that Aliarcobacter
species are capable of attaching to and penetrating the host’s intestinal epithelial cells, caus-
ing inflammatory reactions, septicemia, and enteritis [31]. The presence of virulence genes
and their cytopathogenic activity on in vitro cell lines led the International Commission
on Microbiological Specifications for Foods to classify A. butzleri as a “serious hazard” to
human health [34].
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In brief, the way Aliarcobacter creates disease and its virulence factors have been
better understood after the development of in vivo laboratory animal models, cell culture
techniques, and rapid and accurate PCR assays.

1.2. Livestock as a Reservoirs of Aliarcobacter

Aliarcobacter spp. may be found all over the world, with infectious sources including
livestock and water [35–37]. The routes of transmission of Aliarcobacter among animals
are still under investigation. In a study conducted in the Netherlands on pregnant pigs, it
was investigated whether the mother could transmit the agent to her offspring through the
intrauterine route, and A. skirrowii has been observed to be the most prominent Aliarcobacter
species in intrauterine transmission. In addition, postpartum infections caused by Aliar-
cobacter in piglets were also investigated, and it was stated that the agent was transmitted to
the offspring from the mother, other newborns, and the environment. Therefore, it is clear
that Aliarcobacter can be transmitted to animals both vertically and horizontally [38]. Aliar-
cobacter spp. has been investigated many times in the stools of livestock animals in the last
decade (Table 1) using various isolation methods and molecular techniques [10,13,20,39].
The results indicate that cattle and sheep are significant intestinal carriers of Aliarcobacter
spp. [40]. Moreover, Aliarcobacter is found in pigs at all stages of production, from piglets
through to ground-meat [41]. A. butzleri, A. cryaerophilus, and A. skirrowii have been related
to animal diseases and have been isolated from milk samples from a mastitis-affected cow,
aborted livestock fetuses, and diarrhea-affected cattle [42,43].

Table 1. Relative (%) prevalence rates of Aliarcobacter in intestinal samples of farm animals over the
past decade.

Sample Animal Sample Size (n) Prevalence of
Aliarcobacter Strains (%)

Clinical Status of
Animals

Identification
Techniques References

Fecal samples

Cattle 200

Ab: 58.3

Healthy

PCR [40]

Ac: 16.6

As: 8.3

Ab+Ac: 16.6

Sheep 108

Ab: 55

HealthyAc: 10

Ab+Ac: 35

Chicken swab
samples; feces
of cattle, sheep

and goats

Goats 100

Ab: 18.8

Healthy

PCR and 16S
rDNA-RFLP [44]

Ac: 31.3

As: 12.5

A.cl: 12.5

An: 6.3

Ah: 6.3

Sheep 100

Ac: 33.3

Healthy

As: 25

Ah: 16.7

A.cb: 16.7

Ab: 8.3

Cattle 100

Ab: 38.5

Healthy

Ac: 23.1

A.cl: 15.4

As: 7.7

An: 7.7

Chickens 100

Ab: 30.3

Healthy

Ac: 27.3

As: 15.2

A.cl: 12.1

Acb: 6.1
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Table 1. Cont.

Sample Animal Sample Size (n) Prevalence of
Aliarcobacter Strains (%)

Clinical Status of
Animals

Identification
Techniques References

Fecal samples Water buffaloes 30

Ac: 56.6

Healthy and
lactation period PCR and mPCR [45]

As: 6.6

Ab: 3

Ab and Ac: 20

As and Ac: 10

Fecal swabs
Pigs, chickens,

turkeys, cattle, sheep,
ducks

21

Ab: 16

Healthy PCR and mPCR [32]Ac: 13

As: 12

Fecal swabs

Cattle 200 Ab: 100

Healthy PCR and mPCR [46]
Sheep 200 Ab: 100

Goats 200
Ab: 87.5

Ac: 12.5

Fecal samples

Pigs 135

Ab: 40.7

Healthy

mPCR [47]

Ac: 9.6

Ab and Ac: 8.9

Bovines 75

Ab: 26.7

HealthyAc: 6.7

Ab and Ac: 4

Chickens 20
Ab: 10.7

Healthy
Ac: 20

Fecal samples

Sheep

50

Ab: 2

Diarrhea

mPCR [13]

Ac:16

As: 50

Fecal samples 50

Ab: 0

HealthyAc: 0

As: 10

Fecal samples Cattle 170

Ab: 0.8

Healthy mPCR and PFGE [48]Ac: 12.9

As: 11.2

Cloacal Swabs
and Stool

Ducks, geese, broiler
chickens, laying hens 100

Ab: 55

Healthy PCR and mPCR [49]Ac: 30

As: 0

Fecal samples Swine 100
Ab: 0

Healthy mPCR [50]
Ac: 12

Fecal samples Cattle and calves 792

Ab: 34

Healthy MLST, WGS, PCR [51]Ac: 49

As: 55

Fecal samples Cats, cattle, dogs, pigs 197
A.f: 28

Healthy Real-time (qPCR) [52]
A.l: 10

Fecal samples Cattle, sheep and broiler
chickens NM

Ab: 67.2

Healthy PCR [53]Ac: 23.8

As: 88.92

Rectal swabs

Adult cattle (>3 years
of age) 110

Ab: 75

Healthy

mPCR [54]

As: 12.5

Ab + Ac: 12.5

Young cattle (<1 year
of age) 83

Ab: 0

Ab + Ac: 50

As + Ac: 25

Ab +Ac + As: 25

Goats 93

Ab: 0

Ac: 0

As: 0

Ab: A. butzleri, Ac: A. cryaerophilus, As: A. skirrowii, Af: A. faecis, Al: A. lanthieri, Acl: A. cloaca, An: A. nitrofigilis,
Ah: A. halophilus, A.cb: A. Cibarus, PCR: polymerase chain reaction, mPCR: multiplex polymerase chain reaction,
qPCR: quantitative PCR, RFLP: restriction fragment length polymorphism, MLST: multilocus sequence typing,
PFGE: pulsed-field gel electrophoresis, WGS: whole genome sequencing, NM: not mentioned.
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Moreover, water, domestic pets, migratory birds, farm equipment, transport vehicles,
feed, and farmers may play an important role in spreading Aliarcobacter spp. [32,55,56].
Farm animals are accepted as a potential source of disease since they have higher prevalence
rates of Aliarcobacter species [57]. There was no disease connection in chickens, ducks,
turkeys, and domesticated geese. However, it was suggested that diverse poultry species
could act as a natural reservoir for Aliarcobacter spp. [58,59]. The gut content of chickens
was found to be the source of transmission of Aliarcobacter spp. into slaughterhouses.
Aliarcobacter species from the intestine contaminate the environment [58]. Small ruminants
endanger slaughterhouses and milk products with fecal contamination, so they pose
possible sources of foodborne infections.

There may be some cases of change in the recovery of Aliarcobacter isolates over
time in the same animal. Temporary colonization of sheep, low diagnostic levels, or
irregular excretion of Aliarcobacter in feces has shed light on this inconsistency [60]. Poultry
products, as reservoirs for Aliarcobacter, may pose a hazard for public health, although they
are incapable of colonizing the gut of chickens, as the internal temperature of chickens
(40.5 to 42 ◦C) may not provide an optimal environment for Aliarcobacter species because
their growth temperature range is between 26 and 30 ◦C. However, Aliarcobacter can be
transmitted to consumers through poultry products due to the processing and storage of
poultry meat below 4 ◦C and at room temperature. In humans, diarrheal illness-associated
Aliarcobacter can be spread through drinking water and surface and ground water and, in
addition, livestock animals and raw meat are considered a source of Aliarcobacter infection in
humans. Although A. butzleri and A. cryaerophilus have been found in slaughter equipment,
the mechanism of transmission of Aliarcobacter spp. to humans has not yet been clarified [61].
Infections with A. butzleri cause diarrhea and abdominal pain, as well as nausea, vomiting,
and fever in humans, whereas A. skirrowii strains lead to diarrhea. A. butzleri shows similar
symptoms to Campylobacter jejuni, but a noteworthy difference is that Aliarcobacter causes
more persistent, watery, and less-bloody diarrhea [62].

1.3. Factors Affecting Aliarcobacter Prevalence

There are many factors that affect the colonization of Aliarcobacter, such as animal age,
the season of the sampling, geographical location, isolation method, sampling type, farm
management, and symptoms of gastrointestinal disease [10,26]. Although Kabeya et al. [20]
reported that season does not affect Aliarcobacter prevalence, many studies have found a
positive or negative correlation between temperature and prevalence. It was observed that
Aliarcobacter was present in almost all of the samples collected by Fisher et al. [63] in August,
but during January or April, they observed Aliarcobacter species in a only a few samples.
Similarly, the prevalence of A. butzleri was found to be higher in July (76.9%) and August
(77.8%), compared to September (42.9%), in the study of Levican et al. [64], and Wesley
et al. [65] detected Aliarcobacter more frequently in cattle fecal samples that were taken after
the start of May (26.7%) than in those taken earlier (16.6%). Significantly, contrary to these
findings, A. butzleri was detected more in samples collected during the winter–spring period
(29%) than from those of the summer–autumn period (8%) [66]. Furthermore, an increase
in the prevalence of Aliarcobacter strains in sheep was seen in autumn and in winter [13,67].
According to Grove-White et al. [67], the effect of variation in farm-management between
dairy cattle and sheep was revealed, with Aliarcobacter spp. being isolated at a greater
rate in ruminants raised in closed barns (50.1%) than in animals raised in pastures (20.9%);
however the opposite was detected in Camplylobacter samples [68]. The reasons for this
difference might be due to variations in the sources of bacterial fecal contamination, as well
as the geographical and climatic features of farm sites [66].

Ho et al. [58] reported that the recovery of Aliarcobacter species depends on the sam-
pling size and place. For instance, in chickens, aerotolerant Aliarcobacter species may prefer
the ileum over the anaerobic caecum. It is also necessary to consider the difference in
culturing methods and incubation conditions that can affect the prevalence and diversity
of Aliarcobacter spp. [64,69]. Golla et al. [70] observed that there was a positive correlation
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between age and the prevalence of Aliarcobacter. In healthy cattle, 16% of rectal swab sam-
ples were found to be A. butzleri, whereas only 2% of those from healthy young cattle were
identified as A. butzleri. In contrast to this result, De Smet et al. [41] found that the number
of excreting animals and Aliarcobacter in the feces did not rise as the animals became older.
Giacometti et al. [48] stated that young animals had a much larger proportion of positive
samples (27.2% versus 13.15% for adult animals). In another study [13], the number of A.
cryaerophilus was found to be greater in sheep aged from 1 month to 3 years (11.5%), but
it showed a reverse slope for A. butzleri (1.6%). The incidence of A. skirrowii reached its
highest rate between 1 and 3 years (36.1%).

According to sample type, the frequencies of Aliarcobacter species differed considerably
in most of the research. Giacometti et al. [48] found that A. butzleri was the only species
isolated from milk (80%), while A. cryaerophilus (12.9%) and A. skirrowii (11.2%) were
detected as major Aliarcobacter species in fecal samples. Celik and Ikiz [13] reported
similar results, indicating the sample type was found to be 99% statistically significant
(p < 0.05), and they also stated that the presence of diarrhea was also found to be statistically
significant in the isolation rates (p < 0.001) of A. cryaerophilus and A. skirrowii. In accordance
with their results, Hassan [71] stated that cloacal swabs and intestinal samples collected
from birds (chickens and turkeys) suffering from enteritis had a greater prevalence rate
than samples acquired from healthy birds.

2. Prevalence and Antibiotic Resistance of Aliarcobacter Species
2.1. Aliarcobacter Prevalence Rates in Farm Animal Fecal Content

Due to a lack of specific guidelines, Aliarcobacter isolation may not be adequately
achieved during regular diagnostic procedures [9], but Aliarcobacter has been isolated from
the intestines and feces of a variety of domestic animals on several occasions. In a study
by Duncan et al. [68], where the researchers worked with dairy cattle and sheep fecal pat,
55.3% and 13.7% of the samples were detected as Aliarcobacter spp. in dairy cattle and sheep,
respectively. Co-colonization of Aliarcobacter species is a widespread situation, and samples
containing multiple Aliarcobacter species have been found in certain investigations [45,54].
The dominant species isolated from cows was A. Cryaerophilus, and co-colonizations, on
the other hand, occurred in 26% of the Aliarcobacter-excreting animals [21]. The most
common species isolated from healthy cattle and sheep was A. butzleri, followed by A.
cryaerophilus and A. skirrowii [39,40,72]. Unlike their results, in other investigations, almost
all of the species found in the feces were A. cryaerophilus and A. skirrowii [13,48]. Enteritis,
diarrhea, and hemorrhagic colitis have also been associated with A. butzleri, A. skirrowii and
A. cryaerophilus [13,73].

2.2. Antibiotic Resistance Rates of Aliarcobacter Species in Farm Animals

Increasing antimicrobial drug resistance in food-borne zoonotic pathogens has widespread
implications for public health [74]. Phenotypic antimicrobial resistance of Aliarcobacter
isolates from different sources can be performed with different techniques, including disc
diffusion [13,75,76], ETEST® bioMerieux [77,78], agar dilution [79], and broth microdilu-
tion [80,81]. Disc diffusion is a culture-based assay that uses antibiotic-containing paper
disks to determine antimicrobial susceptibility, and the most popular approaches for de-
termining the minimal concentration of antimicrobial (MIC) drugs that kill or inhibit the
growth of microorganisms are agar dilution and broth dilution. The E-test is also used to
detect the MIC value of bacteria.

There has been little previous research on the rate of antibiotic resistance genes in Aliar-
cobacter spp. A few studies have demonstrated the antimicrobial resistance mechanism of
Aliarcobacter with only its chromosomal structure [29,82], but then, as the plasmids that are
in charge of antibiotic resistance have been described, the prevalence of the plasmid genes
among Aliarcobacter spp. has been revealed. Many studies on the antimicrobial susceptibili-
ties of Aliarcobacter have been limited mainly to three species: A. butzleri, A. cryaerophilus,
and A. skirrowii. Two decades ago, several antimicrobials were recommended for the treat-
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ment of Aliarcobacter infections. According to Yan et al. [83], cefuroxime (cephalosporin)
was the most effective antibiotic used in Aliarcobacter medication. Fluoroquinolones have
been proposed as an alternative treatment of related intestinal diseases. According to the
case, some antibiotics can be used in gastro-intestinal infections, along with quinolones,
including tetracycline, macrolide, and b-lactams [84]. Gentamicin and enrofloxacin [54],
gentamicin, streptomycin and tetracycline [85], tetracycline, oxytetracycline, erythromycin,
ciprofloxacin, kanamycin, amikacin, gentamicin, and enrofloxacin [40] were found as suit-
able antibiotics that can be used to treat Aliarcobacter infections. However, antibiotics that
had been chosen for the treatment of Aliarcobacter infections started to show resistance
against the strains [84]. Some studies have shown that quinolone group antibiotics have
started to gain resistance. Quinolone resistance has been connected to the regular use
of the drug in animals to prevent disease [86,87]. In Aliarcobacter species, a mutation in
the quinolone-resistance-determining region of the gyrA gene has resulted in significant
levels of resistance [16].

Tetracyclines are used to a great extent as therapeutics or growth promoters in livestock
in China, India, and the United States. That has led to an increase in antibiotic-resistant
strains, allergic reactions in humans and animals, and changes in microflora and bacterial
populations, but their use as a growth promoter has been prohibited in Europe [88]. The
ribosomal protection from tetracycline is given by tetracycline-resistance genes, tet(O)
and tet(W), and Sciortino et al. [89] detected tet(O) and tet(W) in all resistant Aliarcobacter
isolates, which was confirmed by disc-diffusion method. tet(O) and tet(W), present in A.
cryaerophilus, have been found in high frequency in A. lanthieri and A. faecis [33].

In another study, rectal swabs of cattle and goats were examined, but Aliarcobacter
species were not found in any of the samples from a goat farm. Resistance against ampicillin,
cefotaxime, and ciprofloxacin was detected in A. butzleri at 55.6%, 33.4%, and 33.4%,
respectively [54]. A. butzleri has a large amount of genetic variety and is resistant to several
antibiotics, such as amoxycillin+clavulonic acid, nalidixic acid, and ampicillin [80,85].

An increasing number of studies have illustrated that there are differences in suscepti-
bility tests due to the variety of drugs used in animals or the lack of standard susceptibility
techniques in Aliarcobacter [84,90]. In order to read the results properly, specific breakpoints
should be established for defining the resistance in Aliarcobacter species. Therefore, to
conclude the research, different breakpoint criteria in the Clinical Laboratory Standards
Institute (CLSI) have been used. In previous studies, MIC results were compared with
breakpoints for Enterobacteriaceae or Staphylococcus spp., as defined by the CLSI, with break-
points for Campylobacter, or with EUCAST breakpoints for Enterobacteriaceae, Campylobacter,
or non-species-related breakpoints [84,91,92]. Recently, Brückner et al. [9] evaluated MICs
with ECOFFs, defined by EUCAST for C. jejuni.

Ferreira et al. [87] reviewed the results that were obtained from Aliarcobacter antibiotic
resistance investigations. The antibiotic resistance variation range was found to be between
4.3 and 14.0% for fluoroquinolones, 0.7 and 39.8% for macrolides, 1.8 and 12.9% for amino-
glycosides, and 0.8 and 7.1% for tetracyclines. The high resistance rate reported for A.
butzleri further shows that this species might behave as a reservoir of genes contributing to
antimicrobial resistance transmission through the animal–human–environment interaction,
indirectly leading to the failure to treat more severe infections. In addition, A. butzleri
presented higher resistance rates to penicillin and cephalosporin.

Most Aliarcobacter isolates were found to be resistant to β-lactam antibiotics. The
most effective compound against Aliarcobacter isolates was imipenem [87,93]. The fluoro-
quinolones, including levofloxacin, marbofloxacin, enrofloxacin, and ciprofloxacin, were
detected as effective against A. butzleri and A. cryaerophilus [93]. According to previous
studies conducted on the intestinal content of livestock (Table 2), enrofloxacin, gentamicin,
and doxycycline have been understood to have the potential to show efficacy against
Aliarcobacter strains.
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Table 2. Aliarcobacter antibiotic resistance rates in percentages in farm animals over the past decade.

Sample Isolates AMP CIP NAL GEN CLOX TET ERY CHL CTX ENR OFX AMK OTC CFZ
GEN

+
AMX

CEF DOX AMC STM VAN CLI AMX MET Reference

Rectal swab and
water swabs Ab 56 33 7 4 ND 7 7 7 33 4 ND ND ND ND ND ND ND ND ND ND ND ND ND [54]

Fecal samples of
cattle and sheep

Ab (Cattle) 84.1 0 46.1 0 ND 0 0 38.4 ND 7.6 ND ND 0 92.3 ND ND ND ND ND 100 84.1 ND ND

[40]
Ac (Cattle) 100 0 0 0 ND 0 0 33.3 ND 0 ND ND 0 100 ND ND ND ND ND 100 100 ND ND

Ab (Sheep) 88.8 0 55.5 11.1 11.1 0 0 44.4 ND 0 ND ND 0 100 ND ND ND ND ND 100 100 ND ND

Ac (Sheep) 50 0 0 0 0 0 0 0 ND 0 ND ND 0 100 ND ND ND ND ND 100 100 ND ND

Chicken swab
samples; faeces of
cattle, sheep, goat,

dog and rabbit

Ab 90 ND 70 ND 100 100 60 ND ND 5 ND ND ND ND 20 20 10 30 30 25 ND ND ND

[44]Ac 92 ND 75 ND 100 92 63 ND ND 8 ND ND ND ND 16 13 21 33 25 36 ND ND ND

As 100 ND 64 ND 100 100 64 ND ND 9 ND ND ND ND 18 9 18 18 27 18 ND ND ND

Faeces and carcass
swabs from sheep

Ab ND 44.4 100 0 ND 22 0 ND ND 22 88.9 0 44.5 ND ND 88.8 11 33 ND 100 ND 22 0

[13]Ac ND 44.4 66 0 ND 0 0 ND ND 33 100 0 0 ND ND 88.8 0 44 ND 100 ND 55 88.8

As ND 22.5 25.8 6.5 ND 0 3,2 ND ND 6.5 29 3 0 ND ND 90.3 3 32 ND 93.5 ND 35.5 54.8

Faeces of pig,
poultry, cattle, sheep,
and other non-fecal

samples

Ab ND 0 37.5 18.7 ND 0 50 81.2 ND ND ND ND ND ND ND ND ND ND ND 100 ND ND ND

[94]Ac ND 7.6 30.7 7.6 ND 0 54 76.9 ND ND ND ND ND ND ND ND ND ND ND 100 ND ND ND

As ND 2.4 25 0 ND 0 51 75 ND ND ND ND ND ND ND ND ND ND ND 100 ND ND ND

Meat samples of
livestock

Ab ND ND 63.4 0 ND 0 49 87.8 ND ND ND ND ND ND ND ND ND ND ND ND 70.7 ND ND

[95]Ac ND ND 28.6 0 ND 0 71 42.9 ND ND ND ND ND ND ND ND ND ND ND ND 71.4 ND ND

As ND ND 50 0 ND 0 50 ND ND ND ND ND ND ND ND ND ND ND ND 50 ND ND

Broiler cloacal swab
Ab

0 ND 100 0 ND 0 100 ND ND 100 ND ND ND ND ND ND ND 0 100 ND ND ND ND
[85]

Cattle rectal swabs 71 ND 28.5 0 ND 0 0 ND ND 0 ND ND ND ND ND ND ND 14.28 100 ND ND ND ND

Cloacal swabs from
domestic geese

Ab 66.6 ND ND ND ND ND 0 66,6 ND 0 0 0 0 100 ND 0 ND 66.6 ND 100 ND 100 ND

[76]Ac 85.7 ND ND ND ND ND 0 0 ND 14.2 0 0 0 100 ND 42.8 ND 28.5 ND 100 ND 14 ND

As 71.4 ND ND ND ND ND 0 28.5 ND 0 0 0 0 100 ND 100 ND 0 ND 100 ND 0 ND

AMX: amoxycillin, AMP: ampicillin, CLOX: cloxacillin, CHL: chloramphenicol, CTX: cefotaxime, CFZ: cefazolin, CEF: cefalotin, AMC: amoxi-
cillin+clavulanic acid, STM: streptomycin, CLI: clindamycin, CIP: ciprofloxacin, OFX: ofloxacin, ENR: enrofloxacin, NAL: nalidixic acid, AMK:
amikacin, DOX: doxycycline, OTC: oxytetracycline, ERY: erythromycin, TET: tetracycline, VAN: vancomycin, MET: methicillin, GEN + AMX:
gentamicin+amoxicillin, GEN: gentamicin, Ab: A. butzleri, Ac: A. cryaerophilus, As: A. skirrowii.
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3. Genomic Characterization of the Genus Aliarcobacter

More than two decades ago, the first entire genome of bacteria was sequenced by Fleis-
chmann et al. [96] and, since then, the sequencing technology and the science of bacteria
have developed dramatically. Bacterial diversity, population characteristics, operon struc-
ture, mobile genetic elements, and horizontal gene transfer are just a few of the essential
issues that genomic data have helped us better comprehend. The accessibility of entire
genome sequencing for pathogenic and commensal bacterial species has enabled a more
in-depth investigation of their complex relationships with their plant or animal hosts [97].

Currently, a total of 325 genomes of Aliarcobacter genus are on the website of the
National Center for Biotechnology Information [98]. Currently, 81 belong to A. butzleri,
33 belong to A. cryaerophilus, and 17 belong to A. skirrowii.

Bacterial genomes are now widely sequenced, and data from vast numbers of genomes
have a significant influence on our understanding of bacteria. Through genome sequencing,
the virulence and the resistance genes can be detected [99]. There are many studies proving
this. The antibiotic and metal resistance, along with virulence determinants, were identified
by WGS from A. butzleri [100]. and A. cryaerophilus [101]. The detection of phylogeny,
resistance, plasmids, and virulence-associated genes (ciaB, pldA, tlyA, mviN, cadF, and cj1349)
of A. cibarius and A. thereius was carried out by [102]. In another study, the biofilm activity
of Aliarcobacter isolates on polystyrene, borosilicate, and stainless steel was investigated by
biofilm-associated genes (flaA, flaB, fliS, luxS, pta, waaF, and spoT), and MLST was applied
for the genetic characterization of Aliarcobacter strains [103].

Genomic sequencing plays a key role in assessing the risk that Aliarcobacter poses for
human and animal health. Genomic sequence data may be exchanged to contribute to
the understanding of evolution and transmission routes of viruses and bacteria, vaccine
development, and diagnostic techniques [104].

4. Discussion

Livestock is an integral part of the agricultural production system. It has a key role
in the national and global economy [105]. According to the Food and Agriculture Orga-
nization of the United States (FAO), livestock contributes 40% of worldwide agricultural
production and supports the livelihoods and food and nutrition security of nearly 1.3 bil-
lion people. Over 70% of emerging human diseases are caused by animals [106]. Farm
animals represent a major source of fecal contamination. Drinking water [107] and food
sources [108] that are subjected to feces can lead to disease outbreaks and damage to the
economy. The connection between gut microbiota and host health has become apparent
over time [109]. Over the last decade, Aliarcobacter has been included in numerous studies
to explore the gut microbiome. As Collado et al. [110] stated, Aliarcobacter may have a fecal
origin, as it was detected in the intestinal contents of farm animals, such as chickens, pigs,
cattle, sheep, and horses, so that the consumption of farm-animal products may have a
potential influence on disease transmission. Although the cases in which Aliarcobacter is
transmitted to humans from farm animals are rare, previous pathogenesis studies indicate
that Aliarcobacter has a zoonotic potential [111]. This thought has been backed up by the
evidence in a case study where A. butzleri was reported to be responsible for a foodborne
(roasted chicken) outbreak that occurred at a wedding ceremony in the USA in 2013 [112].
Results obtained in the last decade from different regions showed that the prevalence of
Aliarcobacter species in farm animal fecal samples ranged from 3 to 100% (Table 1) [45,46].
Generally, A. butzleri dominated the gut microbiome of healthy farm animals, as seen in
Table 1. There have not been sufficient Aliarcobacter investigations in farm animals showing
diarrhea symptoms, although many studies were carried out on the stool of humans with
gastroenteritis or diarrhea [85,113,114]. However, Celik and Ikiz [13] recently discovered
that A. cryaerophilus (16%) and A. skirrowii (50%) were the key agents in 50 sheep with
diarrhea symptoms, whereas A. butzleri was found less frequently. Figueras et al. [113]
also added that A. cryaerophilus was the leading agent of diarrhea. All these results have
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suggested that Aliarcobacter may be a bacteria that should be investigated more in diarrheal
diseases in livestock.

There are many factors, including climate, age, and farm conditions, that may play a
role in the differences in the prevalence of Aliarcobacter species. For instance, Golla et al. [70]
explain that there is a direct correlation between age and the prevalence, as adult cattle
may have been exposed to different environmental conditions than calves, which may have
contributed to the higher A. butzleri occurrence. The gut microbiota of younger animals is
less likely to be colonized with A. butzleri than that of older animals since they have been
treated with different nutritional diet plans.

Several antibiotics have been suggested for the treatment of Aliarcobacter diseases,
but antimicrobial resistance continues to be a major public health issue [115]. Amoxi-
cillin/clavulanic acid, gentamicin, erythromycin, and fluoroquinolones, such as ciprofloxacin
and doxycycline, have been reported to be the first-line antibiotics used in the treatment of
intestinal infections caused by Aliarcobacter spp. [113,116]. As shown in Table 2, the most
sensitive drugs were gentamicin, enrofloxacin, oxytetracycline, and doxycycline, which is
consistent with findings reported in the last decade. On the contrary, according to many
findings, amoxicillin+clavulanic acid, ciprofloxacin, and erythromycin appear to be gaining
resistance [13,44,76,94,95]. Ferreira et al. [84] reviewed antibiotic resistance tests that were
carried out before 2012. The results of the previous 10 years have been listed in Table 2 of
our review, and, as a result, gentamicin and fluoroquinolones (enrofloxacin, oxytetracycline,
and doxycycline) are suggested to be used in Aliarcobacter-infected animals.

When the results are compared, it is clear that the antimicrobial resistance rates in
Aliarcobacter change over time. For instance, prior to 2012, the majority of Aliarcobacter were
ciprofloxacin-susceptible [91,117,118], but, recently, some studies conducted with livestock
fecal samples have indicated that the rates of resistance to ciprofloxacin have risen (ranging
between 22.5% and 44.4%) (Table 2). The resistance range of nalidixic acid changed from
0–64% [117,119] to 25–100% [13,94], and the resistance range of tetracycline expanded from
0–3% [120,121] to 0–100% [40,44]. Moreover, the highest rate of erythromycin resistance
was 5% before 2012 [116], whereas it was 100% in 2012 [85].

Multi-drug resistance (MDR) has been seen in many farm animals in the past decade.
According to Jasim and Al-Abodi [122], there is a significant relationship between some
MDR strains and virulence genes in A. butzleri and A. cryaerophilus. The virulence genes
cadF, irgA, tylA, cdtC, and cdtA were detected in all A. butzleri and A. cryaerophilus isolates.
Furthermore, some A. butzleri strains were found to be resistant to tetracycline (72%), amox-
icillin (69%), erythromycin (67%), cefoxitin (66%), norfloxacin (43%), and ciprofloxacin
(35%), whereas all were found to be susceptible to amikacin, gentamicin, colistin, and
fosfomycin. These results highlight the danger of antibiotic resistance in Aliarcobacter. This
issue can be explained by several molecular mechanisms, including plasmids, transposons,
multidrug efflux pumps, and integrons, which have all been implicated in the evolution
and spread of multidrug resistance in Aliarcobacter [121]. Plasmids are the extrachromoso-
mal element that can transfer genes encoding antimicrobial and heavy-metal resistance,
toxins, and virulence phenotypes, and efflux pumps are transport proteins that allow
the microorganisms to remove toxic substances from within cells into the surrounding
environment [84]. Quinolone remains effective in the treatment of Aliarcobacter, but may
acquire resistance via efflux and plasmids [123]. As a result, the efficient first-line treatment
choices have changed over the last decade, which leaves the breeding and food industries
with a number of problems. While aminoglycosides and tetracycline were recommended
in 2014 [81] for Aliarcobater diseases, now, antibiotic-treated farm animals are becoming
less attractive to consumers. This is something that should be borne in mind in future
studies. A common source of the antimicrobial resistance of Aliarcobacter has been the
misuse of antimicrobial drugs, leading to the bacteria acquiring resistance genes from other
bacteria and mutations in current resistance genes.The past decade has seen an increase in
antimicrobial resistance and, since this can have serious consequences, it is imperative that
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researchers gain a better understanding of the sources of this issue so that the livestock and
human medicine industries can take effective action.

An important point should also be taken into consideration regarding the differences
in the susceptibility of test results. There is still no standard for the Aliarcobacter disc-
diffusion test, since CLSI has not yet stated any specific breakpoints for evaluating it. This
may lead the investigators to misinterpret the results [84].

All these studies highlight the need for updated antibiotics for treatment and for
further investigation of cases of Aliarcobacter in farm animals with diarrhea. More research
into the pathogenicity and virulence potential of Aliarcobacter species is necessary.

5. Conclusions

Over the last decade, Aliarcobacter has been included in numerous studies to explore
the gut microbiome. Farm animals may be a potential source of Aliarcobacter, since high
prevalence rates have been detected by many researchers. The fact that Aliarcobacter causes
diarrhea, enteritidis, and abortion symptoms demonstrates its potential impact on farming
and the food industry. Recent research on Aliarcobacter distribution and antimicrobial
resistance profiles in farm animals has provided a complete understanding of prevention
of the disease. However, many factors have been observed to influence the rates. Although
the general prevalence was high in autumn and winter, some authors have revealed higher
rates of Aliarcobacter in summer. In cold and rainy weather, animal welfare and barn
hygiene on farms may be poorer. The prevalence of Aliarcobacter species might be higher
mainly in these seasons, as the animals stay longer in closed barns. For this reason, it is
understood that the hygiene of barns should be taken into consideration more since farm
animals live in closed areas in winter. The age of farm animals was also not found to be a
determinant indicator for the prevalence. Most research has been limited to three species of
Aliarcobacter—A. butzleri, A. cryaerophilus, and A. skirrowii. Further studies, therefore, appear
necessary to understand the pathogenesis of other Aliarcobacter species, but, based on what
we know from limited studies, A. cryaerophilus and A. skirrowii were found frequently in
diarrheal cases, indicating that Aliarcobacter should be studied more in livestock diarrheal
diseases. Despite the fact that Aliarcobacter has been found abundant in a small number of
studies with farm animals having symptoms of diarrhea, the number of diarrheal cases
where Aliarcobacter has been investigated is scarce. Researchers need to focus more on
this issue. Furthermore, a thorough investigation of the virulence properties of potentially
emerging pathogenic bacteria in animals and in foods of animal origin is required for food
security. The role of putative virulence determinants in the pathogenicity of Aliarcobacter
species is still contradictory. Moreover, antibiotic resistance has become a hot topic in
animal breeding and the food industry. In the last decade, results showed that Aliarcobacter-
infected animals could be treated with enrofloxacin, doxycycline, oxytetracycline, and
gentamicin. However, these antibiotics are also under threat of acquiring resistance, so a
new approach is needed to improve antimicrobial therapeutics.

Author Contributions: Conceptualization, C.Ç.; resources, C.Ç.; data curation, C.Ç.; writing—
original draft preparation, C.Ç.; writing—review and editing, C.Ç., O.P. and N.S.; project administra-
tion, C.Ç. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: I thank Serkan Ikız for his support.

Conflicts of Interest: The authors declare no conflict of interest.



Microorganisms 2022, 10, 2430 13 of 17

References
1. Chieffi, D.; Fanelli, F.; Fusco, V. Arcobacter Butzleri: Up-to-Date Taxonomy, Ecology, and Pathogenicity of an Emerging Pathogen.

Compr. Rev. Food Sci. Food Saf. 2020, 19, 2071–2109. [CrossRef]
2. Pérez-Cataluña, A.; Salas-Massó, N.; Diéguez, A.L.; Balboa, S.; Lema, A.; Romalde, J.L.; Figueras, M.J. Corrigendum (2): Revisiting

the Taxonomy of the Genus Arcobacter: Getting Order from the Chaos. Front. Microbiol. 2019, 10, 2253. [CrossRef]
3. Oren, A.; Garrity, G.M. List of new names and new combinations previously effectively, but not validly, published. Int. J. Syst.

Evol. Microbiol. 2019, 69, 5–9. [CrossRef] [PubMed]
4. Ferreira, S.; Oleastro, M.; Domingues, F. Current Insights on Arcobacter Butzleri in Food Chain. Curr. Opin. Food Sci. 2019, 26, 9–17.

[CrossRef]
5. Mateus, C.; Martins, R.; Luís, Â.; Oleastro, M.; Domingues, F.; Pereira, L.; Ferreira, S. Prevalence of Arcobacter: From Farm to

Retail–A Systematic Review and Meta-Analysis. Food Control 2021, 128, 108177. [CrossRef]
6. Alonso, R.; Girbau, C.; Martinez-Malaxetxebarria, I.; Pérez-Cataluña, A.; Salas-Massó, N.; Romalde, J.L.; Figueras, M.J.; Fernandez-

Astorga, A. Aliarcobacter Vitoriensis Sp. Nov., Isolated from Carrot and Urban Wastewater. Syst. Appl. Microbiol. 2020, 43, 126091.
[CrossRef]

7. Kerkhof, P.-J.; On, S.L.W.; Houf, K. Arcobacter Vandammei Sp. Nov., Isolated from the Rectal Mucus of a Healthy Pig. Int. J. Syst.
Evol. Microbiol. 2021, 71, 5113. [CrossRef]

8. Khan, I.U.H.; Becker, A.; Cloutier, M.; Plötz, M.; Lapen, D.R.; Wilkes, G.; Topp, E.; Abdulmawjood, A. Loop-mediated Isothermal
Amplification: Development, Validation and Application of Simple and Rapid Assays for Quantitative Detection of Species of
Arcobacteraceae Family-and Species-specific Aliarcobacter Faecis and Aliarcobacter Lanthieri. J. Appl. Microbiol. 2021, 131, 288–299.
[CrossRef]

9. Brückner, V.; Fiebiger, U.; Ignatius, R.; Friesen, J.; Eisenblätter, M.; Höck, M.; Alter, T.; Bereswill, S.; Gölz, G.; Heimesaat, M.M.
Prevalence and Antimicrobial Susceptibility of Arcobacter Species in Human Stool Samples Derived from Out-and Inpatients: The
Prospective German Arcobacter Prevalence Study Arcopath. Gut Pathog. 2020, 12, 21. [CrossRef]

10. Merga, J.Y.; Leatherbarrow, A.J.H.; Winstanley, C.; Bennett, M.; Hart, C.A.; Miller, W.G.; Williams, N.J. Comparison of Arcobacter
Isolation Methods, and Diversity of Arcobacter Spp. in Cheshire, United Kingdom. Appl. Environ. Microbiol. 2011, 77, 1646–1650.
[CrossRef]

11. Atabay, H.I.; Corry, J.E. Evaluation of a new arcobacter enrichment medium and comparison with two media developed for
enrichment of Campylobacter spp. Int. J. Food Microbiol. 1998, 41, 53–58. [CrossRef] [PubMed]

12. Kemp, R.; Leatherbarrow, A.J.H.; Williams, N.J.; Hart, C.A.; Clough, H.E.; Turner, J.; French, N.P. Prevalence and genetic diversity
of Campylobacter spp. in environmental water samples from a 100-square-kilometer predominantly dairy farming area. Appl.
Environ. Microbiol. 2005, 71, 1876–1882. [CrossRef]

13. Celik, C.; Ikiz, S. The Investigation of the Presence and Antimicrobial Profiles of Arcobacter Species in Sheep Carcasses and Feces.
Acta Vet. Eurasia 2019, 45, 42–50. [CrossRef]

14. Houf, K.; Devriese, L.A.; De Zutter, L.; Van Hoof, J.; Vandamme, P. Susceptibility of Arcobacter Butzleri, Arcobacter Cryaerophilus,
and Arcobacter Skirrowii to Antimicrobial Agents Used in Selective Media. J. Clin. Microbiol. 2001, 39, 1654–1656. [CrossRef]
[PubMed]

15. Patyal, A.; Rathore, R.S.; Mohan, H.V.; Dhama, K.; Kumar, A. Prevalence of Arcobacter spp. in humans, animals and foods of
animal origin including sea food from India. Transbound. Emerg. Dis. 2011, 58, 402–410. [CrossRef]

16. Collado, L.; Figueras, M.J. Taxonomy, Epidemiology, and Clinical Relevance of the Genus Arcobacter. Clin. Microbiol. Rev. 2011,
24, 174–192. [CrossRef]

17. On, S.L.; Jensen, T.K.; Bille-Hansen, V.; Jorsal, S.E.; Vandamme, P. Prevalence and diversity of Arcobacter spp. isolated from the
internal organs of spontaneous porcine abortions in Denmark. Vet. Microbiol. 2002, 85, 159–167. [CrossRef]

18. Nachamkin, I.; Szymanski, C.M.; Blaser, M.J. Campylobacter; ASM Press: Washington, DC, USA, 2008; ISBN 1555814379.
19. Vandamme, P.; Vancanneyt, M.; Pot, B.; Mels, L.; Hoste, B.; Dewettinck, D.; Vlaes, L.; Van Den Borre, C.; Higgins, R.; Hommez, J.

Polyphasic Taxonomic Study of the Emended Genus Arcobacter with Arcobacter Butzleri Comb. Nov. and Arcobacter Skirrowii Sp.
Nov., an Aerotolerant Bacterium Isolated from Veterinary Specimens. Int. J. Syst. Evol. Microbiol. 1992, 42, 344–356. [CrossRef]

20. Kabeya, H.; Maruyama, S.; Morita, Y.; Kubo, M.; Yamamoto, K.; Arai, S.; Izumi, T.; Kobayashi, Y.; Katsube, Y.; Mikami, T.
Distribution of Arcobacter Species among Livestock in Japan. Vet. Microbiol. 2003, 93, 153–158. [CrossRef]

21. Van Driessche, E.; Houf, K.; Vangroenweghe, F.; De Zutter, L.; Van Hoof, J. Prevalence, Enumeration and Strain Variation of
Arcobacter Species in the Faeces of Healthy Cattle in Belgium. Vet. Microbiol. 2005, 105, 149–154. [CrossRef]

22. Gude, A.; Hillman, T.J.; Helps, C.R.; Allen, V.M.; Corry, J.E.L. Ecology of Arcobacter Species in Chicken Rearing and Processing.
Lett. Appl. Microbiol. 2005, 41, 82–87. [CrossRef]

23. Adesiji, Y.O.; Coker, A.O.; Oloke, J.K. Detection of Arcobacter in Feces of Healthy Chickens in Osogbo, Nigeria. J. Food Prot. 2011,
74, 119–121. [CrossRef]

24. Levican, A.; Alkeskas, A.; Günter, C.; Forsythe, S.J.; Figueras, M.J. Adherence to and Invasion of Human Intestinal Cells by
Arcobacter Species and Their Virulence Genotypes. Appl. Environ. Microbiol. 2013, 79, 4951–4957. [CrossRef] [PubMed]

25. Wesley, I.V.; Baetz, A.L.; Larson, D.J. Infection of Cesarean-Derived Colostrum-Deprived 1-Day-Old Piglets with Arcobacter
Butzleri, Arcobacter Cryaerophilus, and Arcobacter Skirrowii. Infect. Immun. 1996, 64, 2295–2299. [CrossRef]

26. Wesley, I.V.; Baetz, A.L. Natural and Experimental Infections of Arcobacter in Poultry. Poult. Sci. 1999, 78, 536–545. [CrossRef]

http://doi.org/10.1111/1541-4337.12577
http://doi.org/10.3389/fmicb.2019.02253
http://doi.org/10.1099/ijsem.0.003174
http://www.ncbi.nlm.nih.gov/pubmed/30614438
http://doi.org/10.1016/j.cofs.2019.02.013
http://doi.org/10.1016/j.foodcont.2021.108177
http://doi.org/10.1016/j.syapm.2020.126091
http://doi.org/10.1099/ijsem.0.005113
http://doi.org/10.1111/jam.14926
http://doi.org/10.1186/s13099-020-00360-x
http://doi.org/10.1128/AEM.01964-10
http://doi.org/10.1016/S0168-1605(98)00034-8
http://www.ncbi.nlm.nih.gov/pubmed/9631337
http://doi.org/10.1128/AEM.71.4.1876-1882.2005
http://doi.org/10.26650/actavet.2019.18007
http://doi.org/10.1128/JCM.39.4.1654-1656.2001
http://www.ncbi.nlm.nih.gov/pubmed/11283110
http://doi.org/10.1111/j.1865-1682.2011.01221.x
http://doi.org/10.1128/CMR.00034-10
http://doi.org/10.1016/S0378-1135(01)00503-X
http://doi.org/10.1099/00207713-42-3-344
http://doi.org/10.1016/S0378-1135(02)00312-7
http://doi.org/10.1016/j.vetmic.2004.11.002
http://doi.org/10.1111/j.1472-765X.2005.01708.x
http://doi.org/10.4315/0362-028X.JFP-10-231
http://doi.org/10.1128/AEM.01073-13
http://www.ncbi.nlm.nih.gov/pubmed/23770897
http://doi.org/10.1128/iai.64.6.2295-2299.1996
http://doi.org/10.1093/ps/78.4.536


Microorganisms 2022, 10, 2430 14 of 17

27. Adesiji, Y.O.; Seibu, E.; Emikpe, B.O.; Moriyonu, B.T.; Oloke, J.K.; Coker, A.O. Serum Biochemistry and Heamatological Changes
Associated with Graded Doses of Experimental Arcobacter Infection in Rats. West Afr. J. Med. 2012, 31, 186–191.

28. Villarruel-Lopez, A.; Marquez-Gonzalez, M.; Garay-Martinez, L.E.; Zepeda, H.; Castillo, A.; De La Garza, L.M.; Murano, E.A.;
Torres-Vitela, R. Isolation of Arcobacter Spp. from Retail Meats and Cytotoxic Effects of Isolates against Vero Cells. J. Food Prot.
2003, 66, 1374–1378. [CrossRef] [PubMed]

29. Miller, W.G.; Parker, C.T.; Rubenfield, M.; Mendz, G.L.; Wösten, M.M.S.M.; Ussery, D.W.; Stolz, J.F.; Binnewies, T.T.; Hallin, P.F.;
Wang, G. The Complete Genome Sequence and Analysis of the Epsilonproteobacterium Arcobacter Butzleri. PLoS ONE 2007, 2, e1358.
[CrossRef]

30. Tan, J.S.; File, T.; Salata, R.A.; Tan, M.J. Expert Guide to Infectious Diseases; ACP Press: Minneapolis, MN, USA, 2008;
ISBN 1930513852.

31. Douidah, L.; De Zutter, L.; Baré, J.; De Vos, P.; Vandamme, P.; Vandenberg, O.; Van den Abeele, A.-M.; Houf, K. Occurrence
of Putative Virulence Genes in Arcobacter Species Isolated from Humans and Animals. J. Clin. Microbiol. 2012, 50, 735–741.
[CrossRef]

32. Sekhar, M.S.; Tumati, S.R.; Chinnam, B.K.; Kothapalli, V.S.; Sharif, N.M. Virulence Gene Profiles of Arcobacter Species Isolated
from Animals, Foods of Animal Origin, and Humans in Andhra Pradesh, India. Vet. World 2017, 10, 716. [CrossRef]

33. Zambri, M.; Cloutier, M.; Adam, Z.; Lapen, D.R.; Wilkes, G.; Sunohara, M.; Topp, E.; Talbot, G.; Khan, I.U.H. Novel Virulence,
Antibiotic Resistance and Toxin Gene-Specific PCR-Based Assays for Rapid Pathogenicity Assessment of Arcobacter Faecis and
Arcobacter Lanthieri. BMC Microbiol. 2019, 19, 11. [CrossRef]

34. ICMSF (International Commission on Microbiological Specifications for Foods). Microorganisms in Foods 7: Microbiological Testing
in Food Safety Management; Kluwer Academic Plenum Publishers: New York, NY, USA, 2002.

35. Morita, Y.; Maruyama, S.; Kabeya, H.; Boonmar, S.; Nimsuphan, B.; Nagai, A.; Kozawa, K.; Nakajima, T.; Mikami, T.; Kimura, H.
Isolation and Phylogenetic Analysis of Arcobacter spp. in Ground Chicken Meat and Environmental Water in Japan and Thailand.
Microbiol. Immunol. 2004, 48, 527–533. [CrossRef] [PubMed]

36. Rice, E.W.; Rodgers, M.R.; Wesley, I.V.; Johnson, C.H.; Tanner, S.A. Isolation of Arcobacter butzleri from ground water. Lett. Appl.
Microbiol. 1999, 28, 31–35. [CrossRef] [PubMed]

37. Rivas, L.; Fegan, N.; Vanderlinde, P. Isolation and characterisation of Arcobacter butzleri from meat. Int. J. Food Microbiol. 2004,
91, 31–41. [CrossRef]

38. Ho, T.K.H.; Lipman, L.J.A.; van der Graaf-van Bloois, L.; van Bergen, M.; Gaastra, W. Potential Routes of Acquisition of Arcobacter
Species by Piglets. Vet. Microbiol. 2006, 114, 123–133. [CrossRef] [PubMed]

39. Van Driessche, E.; Houf, K.; Van Hoof, J.; De Zutter, L.; Vandamme, P. Isolation of Arcobacter Species from Animal Feces. FEMS
Microbiol. Lett. 2003, 229, 243–248. [CrossRef] [PubMed]

40. Aski, H.S.; Tabatabaei, M.; Khoshbakht, R.; Raeisi, M. Occurrence and Antimicrobial Resistance of Emergent Arcobacter spp.
Isolated from Cattle and Sheep in Iran. Comp. Immunol. Microbiol. Infect. Dis. 2016, 44, 37–40. [CrossRef]

41. De Smet, S.; De Zutter, L.; Debruyne, L.; Vangroenweghe, F.; Vandamme, P.; Houf, K. Arcobacter Population Dynamics in Pigs on
Farrow-to-Finish Farms. Appl. Environ. Microbiol. 2011, 77, 1732–1738. [CrossRef]

42. Pianta, C.; Passos, D.T.; Hepp, D.; de Oliveira, S.J. Isolation of Arcobacter Spp. from the Milk of Dairy Cows in Brazil. Ciência Rural
2007, 37, 171–174. [CrossRef]

43. Di Blasio, A.; Traversa, A.; Giacometti, F.; Chiesa, F.; Piva, S.; Decastelli, L.; Dondo, A.; Gallina, S.; Zoppi, S. Isolation of Arcobacter
Species and Other Neglected Opportunistic Agents from Aborted Bovine and Caprine Fetuses. BMC Vet. Res. 2019, 15, 257.
[CrossRef]

44. Yesilmen, S.; Vural, A.; Erkan, M.E.; Yildirim, I.H. Isolation and Determination of Antimicrobial Resistance of Arcobacter Species
Isolated from Animal Faeces in the Diyarbakir Region of Turkey Using the 16S RDNA-RFLP Method. Vet. Med. 2017, 62, 301–307.
[CrossRef]

45. Piva, S.; Serraino, A.; Florio, D.; Giacometti, F.; Pasquali, F.; Manfreda, G.; Zanoni, R.G. Isolation of Arcobacter Species in Water
Buffaloes (Bubalus Bubalis). Foodborne Pathog. Dis. 2013, 10, 475–477. [CrossRef] [PubMed]

46. Acik, M.N. Prevalence of Arcobacter Species Isolated from Human and Various Animals in East of Turkey. Int. J. Mol. Clin.
Microbiol. 2016, 6, 596–601.

47. Fernandez, H.; Villanueva, M.P.; Mansilla, I.; Gonzalez, M.; Latif, F. Arcobacter Butzleri and A. Cryaerophilus in Human, Animals
and Food Sources, in Southern Chile. Braz. J. Microbiol. 2015, 46, 145–147. [CrossRef]

48. Giacometti, F.; Lucchi, A.; Di Francesco, A.; Delogu, M.; Grilli, E.; Guarniero, I.; Stancampiano, L.; Manfreda, G.; Merialdi, G.;
Serraino, A. Arcobacter Butzleri, Arcobacter Cryaerophilus, and Arcobacter Skirrowii Circulation in a Dairy Farm and Sources of Milk
Contamination. Appl. Environ. Microbiol. 2015, 81, 5055–5063. [CrossRef]

49. Bogantes, E.V.; Fallas-Padilla, K.L.; Rodriguez-Rodriguez, C.E.; Jaramillo, H.F.; Echandi, M.L.A. Zoonotic Species of the Genus
Arcobacter in Poultry from Different Regions of Costa Rica. J. Food Prot. 2015, 78, 808–811. [CrossRef]

50. Gobbi, D.D.S.; Spindola, M.G.; Moreno, L.Z.; Matajira, C.E.C.; Oliveira, M.G.X.; Paixão, R.; Ferreira, T.S.P.; Moreno, A.M. Isolation
and Molecular Characterization of Arcobacter Butzleri and Arcobacter Cryaerophilus from the Pork Production Chain in Brazil.
Pesqui. Veterinária Bras. 2018, 38, 393–399. [CrossRef]

http://doi.org/10.4315/0362-028X-66.8.1374
http://www.ncbi.nlm.nih.gov/pubmed/12929822
http://doi.org/10.1371/journal.pone.0001358
http://doi.org/10.1128/JCM.05872-11
http://doi.org/10.14202/vetworld.2017.716-720
http://doi.org/10.1186/s12866-018-1357-7
http://doi.org/10.1111/j.1348-0421.2004.tb03548.x
http://www.ncbi.nlm.nih.gov/pubmed/15272198
http://doi.org/10.1046/j.1365-2672.1999.00483.x
http://www.ncbi.nlm.nih.gov/pubmed/10030029
http://doi.org/10.1016/S0168-1605(03)00328-3
http://doi.org/10.1016/j.vetmic.2005.11.051
http://www.ncbi.nlm.nih.gov/pubmed/16386382
http://doi.org/10.1016/S0378-1097(03)00840-1
http://www.ncbi.nlm.nih.gov/pubmed/14680706
http://doi.org/10.1016/j.cimid.2015.12.002
http://doi.org/10.1128/AEM.02409-10
http://doi.org/10.1590/S0103-84782007000100027
http://doi.org/10.1186/s12917-019-2009-3
http://doi.org/10.17221/69/2016-VETMED
http://doi.org/10.1089/fpd.2012.1379
http://www.ncbi.nlm.nih.gov/pubmed/23536981
http://doi.org/10.4067/S0716-10182016000600008
http://doi.org/10.1128/AEM.01035-15
http://doi.org/10.4315/0362-028X.JFP-14-494
http://doi.org/10.1590/1678-5150-pvb-4709


Microorganisms 2022, 10, 2430 15 of 17

51. Merga, J.Y.; Williams, N.J.; Miller, W.G.; Leatherbarrow, A.J.H.; Bennett, M.; Hall, N.; Ashelford, K.E.; Winstanley, C. Exploring
the Diversity of Arcobacter Butzleri from Cattle in the UK Using MLST and Whole Genome Sequencing. PLoS ONE 2013, 8, e55240.
[CrossRef]

52. Miltenburg, M.G.; Cloutier, M.; Craiovan, E.; Lapen, D.R.; Wilkes, G.; Topp, E.; Khan, I.U.H. Real-Time Quantitative PCR
Assay Development and Application for Assessment of Agricultural Surface Water and Various Fecal Matter for Prevalence of
Aliarcobacter Faecis and Aliarcobacter Lanthieri. BMC Microbiol. 2020, 20, 164. [CrossRef]

53. Tabatabaei, M.; Aski, H.S.; Shayegh, H.; Khoshbakht, R. Occurrence of Six Virulence-Associated Genes in Arcobacter Species
Isolated from Various Sources in Shiraz, Southern Iran. Microb. Pathog. 2014, 66, 1–4. [CrossRef]

54. Shah, A.H.; Saleha, A.A.; Zunita, Z.; Murugaiyah, M.; Aliyu, A.B.; Jafri, N. Prevalence, Distribution and Antibiotic Resistance of
Emergent Arcobacter Spp. from Clinically Healthy Cattle and Goats. Transbound. Emerg. Dis. 2013, 60, 9–16. [CrossRef] [PubMed]

55. Fera, M.T.; La Camera, E.; Carbone, M.; Malara, D.; Pennisi, M.G. Pet Cats as Carriers of Arcobacter spp. in Southern Italy. J. Appl.
Microbiol. 2009, 106, 1661–1666. [CrossRef]

56. Celik, E.; Saglam, A.G.; Çelebi, Ö.; Otlu, S. Isolation of Arcobacter Spp. from Domestic Ducks and Geese and Identification of the
Recovered Isolates by Using Molecular Method. Turk. J. Vet. Anim. Sci. 2018, 42, 467–472. [CrossRef]

57. Shange, N.; Gouws, P.; Hoffman, L.C. Campylobacter and Arcobacter Species in Food-Producing Animals: Prevalence at Primary
Production and during Slaughter. World J. Microbiol. Biotechnol. 2019, 35, 146. [CrossRef] [PubMed]

58. Ho, H.T.K.; Lipman, L.J.A.; Gaastra, W. The Introduction of Arcobacter Spp. in Poultry Slaughterhouses. Int. J. Food Microbiol.
2008, 125, 223–229. [CrossRef]

59. Atabay, H.I.; Unver, A.; Sahin, M.; Otlu, S.; Elmali, M.; Yaman, H. Isolation of Various Arcobacter Species from Domestic Geese
(Anser Anser). Vet. Microbiol. 2008, 128, 400–405. [CrossRef]

60. De Smet, S.; De Zutter, L.; Houf, K. Small Ruminants as Carriers of the Emerging Foodborne Pathogen Arcobacter on Small and
Medium Farms. Small Rumin. Res. 2011, 97, 124–129. [CrossRef]

61. Lehner, A.; Tasara, T.; Stephan, R. Relevant aspects of Arcobacter spp. as potential foodborne pathogen. Int. J. Food Microbiol. 2005,
102, 127–135. [CrossRef]

62. Vandenberg, O.; Dediste, A.; Houf, K.; Ibekwem, S.; Souayah, H.; Cadranel, S.; Vandamme, P. Arcobacter species in humans.
Emerg. Infect. Dis. 2004, 10, 1863. [CrossRef]

63. Fisher, J.C.; Levican, A.; Figueras, M.J.; McLellan, S.L. Population Dynamics and Ecology of Arcobacter in Sewage. Front. Microbiol.
2014, 5, 525. [CrossRef]

64. Levican, A.; Collado, L.; Yustes, C.; Aguilar, C.; Figueras, M.J. Higher Water Temperature and Incubation under Aerobic and
Microaerobic Conditions Increase the Recovery and Diversity of Arcobacter Spp. from Shellfish. Appl. Environ. Microbiol. 2014,
80, 385–391. [CrossRef] [PubMed]

65. Wesley, I.V.; Wells, S.J.; Harmon, K.M.; Green, A.; Schroeder-Tucker, L.; Glover, M.; Siddique, I. Fecal Shedding of Campylobacter
and Arcobacter Spp. in Dairy Cattle. Appl. Environ. Microbiol. 2000, 66, 1994–2000. [CrossRef]

66. Leoni, F.; Chierichetti, S.; Santarelli, S.; Talevi, G.; Masini, L.; Bartolini, C.; Rocchegiani, E.; Haouet, M.N.; Ottaviani, D. Occurrence
of Arcobacter Spp. and Correlation with the Bacterial Indicator of Faecal Contamination Escherichia Coli in Bivalve Molluscs from
the Central Adriatic, Italy. Int. J. Food Microbiol. 2017, 245, 6–12. [CrossRef] [PubMed]

67. Grove-White, D.H.; Leatherbarrow, A.J.H.; Cripps, P.J.; Diggle, P.J.; French, N.P. Temporal and Farm-Management-Associated
Variation in Faecal Pat Prevalence of Arcobacter Spp. in Ruminants. Epidemiol. Infect. 2014, 142, 861–870. [CrossRef]

68. Duncan, J.S.; Leatherbarrow, A.J.H.; French, N.P.; Grove-White, D.H. Temporal and Farm-Management-Associated Variation in
Faecal-Pat Prevalence of Campylobacter Fetus in Sheep and Cattle. Epidemiol. Infect. 2014, 142, 1196–1204. [CrossRef] [PubMed]

69. Houf, K.; De Zutter, L.; Van Hoof, J.; Vandamme, P. Assessment of the Genetic Diversity among Arcobacters Isolated from Poultry
Products by Using Two PCR-Based Typing Methods. Appl. Environ. Microbiol. 2002, 68, 2172–2178. [CrossRef]

70. Golla, S.C.; Murano, E.A.; Johnson, L.G.; Tipton, N.C.; Cureington, E.A.; Savell, J.W. Determination of the Occurrence of Arcobacter
Butzleri in Beef and Dairy Cattle from Texas by Various Isolation Methods. J. Food Prot. 2002, 65, 1849–1853. [CrossRef]

71. Hassan, A.K. Detection and Identification of Arcobacter Species in Poultry in Assiut Governorate, Upper Egypt. J. Adv. Vet. Res.
2017, 7, 53–58.

72. Öngör, H.; Çetinkaya, B.; Acik, M.N.; Atabay, H.I. Investigation of Arcobacters in Meat and Faecal Samples of Clinically Healthy
Cattle in Turkey. Lett. Appl. Microbiol. 2004, 38, 339–344. [CrossRef]

73. Parisi, A.; Capozzi, L.; Bianco, A.; Caruso, M.; Latorre, L.; Costa, A.; Giannico, A.; Ridolfi, D.; Bulzacchelli, C.; Santagada, G.
Identification of Virulence and Antibiotic Resistance Factors in Arcobacter Butzleri Isolated from Bovine Milk by Whole Genome
Sequencing. Ital. J. Food Saf. 2019, 8, 7840. [CrossRef]

74. Font, C.; Cruceta, A.; Moreno, A.; Miró, O.; Coll-Vinent, B.; Almela, M.; Mensa, J. A Study of 30 Patients with Bacteremia Due to
Campylobacter spp. Med. Clin. 1997, 108, 336–340.

75. Scanlon, K.A.; Cagney, C.; Walsh, D.; McNulty, D.; Carroll, A.; McNamara, E.B.; McDowell, D.A.; Duffy, G. Occurrence and
Characteristics of Fastidious Campylobacteraceae Species in Porcine Samples. Int. J. Food Microbiol. 2013, 163, 6–13. [CrossRef]
[PubMed]

76. Unver, A.; Atabay, H.I.; Sahin, M.; Celebi, O. Antimicrobial susceptibilities of various Arcobacter species. Turk. J. Med. Sci. 2013,
43, 548–552. [CrossRef]

http://doi.org/10.1371/journal.pone.0055240
http://doi.org/10.1186/s12866-020-01826-3
http://doi.org/10.1016/j.micpath.2013.10.003
http://doi.org/10.1111/j.1865-1682.2012.01311.x
http://www.ncbi.nlm.nih.gov/pubmed/22280210
http://doi.org/10.1111/j.1365-2672.2008.04133.x
http://doi.org/10.3906/vet-1801-8
http://doi.org/10.1007/s11274-019-2722-x
http://www.ncbi.nlm.nih.gov/pubmed/31493271
http://doi.org/10.1016/j.ijfoodmicro.2008.02.012
http://doi.org/10.1016/j.vetmic.2007.10.010
http://doi.org/10.1016/j.smallrumres.2011.02.004
http://doi.org/10.1016/j.ijfoodmicro.2005.03.003
http://doi.org/10.3201/eid1010.040241
http://doi.org/10.3389/fmicb.2014.00525
http://doi.org/10.1128/AEM.03014-13
http://www.ncbi.nlm.nih.gov/pubmed/24185851
http://doi.org/10.1128/AEM.66.5.1994-2000.2000
http://doi.org/10.1016/j.ijfoodmicro.2017.01.006
http://www.ncbi.nlm.nih.gov/pubmed/28113092
http://doi.org/10.1017/S095026881300160X
http://doi.org/10.1017/S0950268813002379
http://www.ncbi.nlm.nih.gov/pubmed/24067441
http://doi.org/10.1128/AEM.68.5.2172-2178.2002
http://doi.org/10.4315/0362-028X-65.12.1849
http://doi.org/10.1111/j.1472-765X.2004.01494.x
http://doi.org/10.4081/ijfs.2019.7840
http://doi.org/10.1016/j.ijfoodmicro.2013.02.004
http://www.ncbi.nlm.nih.gov/pubmed/23474652
http://doi.org/10.3906/sag-1207-115


Microorganisms 2022, 10, 2430 16 of 17

77. Villalobos, E.G.; Jaramillo, H.F.; Ulate, C.C.; Echandi, M.L.A. Isolation and Identification of Zoonotic Species of Genus Arcobacter
from Chicken Viscera Obtained from Retail Distributors of the Metropolitan Area of San José, Costa Rica. J. Food Prot. 2013,
76, 879–882. [CrossRef]

78. Hänel, I.; Hotzel, H.; Tomaso, H.; Busch, A. Antimicrobial Susceptibility and Genomic Structure of Arcobacter Skirrowii Isolates.
Front. Microbiol. 2018, 9, 3067. [CrossRef]

79. Collado, L.; Jara, R.; Vásquez, N.; Telsaint, C. Antimicrobial Resistance and Virulence Genes of Arcobacter Isolates Recovered from
Edible Bivalve Molluscs. Food Control 2014, 46, 508–512. [CrossRef]

80. Ferreira, S.; Fraqueza, M.J.; Queiroz, J.A.; Domingues, F.C.; Oleastro, M. Genetic Diversity, Antibiotic Resistance and Biofilm-
Forming Ability of Arcobacter Butzleri Isolated from Poultry and Environment from a Portuguese Slaughterhouse. Int. J. Food
Microbiol. 2013, 162, 82–88. [CrossRef]

81. Ferreira, S.; Silva, F.; Queiroz, J.A.; Oleastro, M.; Domingues, F.C. Resveratrol against Arcobacter Butzleri and Arcobacter
Cryaerophilus: Activity and Effect on Cellular Functions. Int. J. Food Microbiol. 2014, 180, 62–68. [CrossRef]

82. Abdelbaqi, K.; Menard, A.; Prouzet-Mauleon, V.; Bringaud, F.; Lehours, P.; Megraud, F. Nucleotide Sequence of the GyrA Gene of
Arcobacter Species and Characterization of Human Ciprofloxacin-Resistant Clinical Isolates. FEMS Immunol. Med. Microbiol. 2007,
49, 337–345. [CrossRef]

83. Yan, J.J.; Ko, W.C.; Huang, A.-H.; Chen, H.M.; Jin, Y.-T.; Wu, J.-J. Arcobacter Butzleri Bacteremia in a Patient with Liver Cirrhosis. J.
Formos. Med. Assoc. 2000, 99, 166–169.

84. Ferreira, S.; Queiroz, J.A.; Oleastro, M.; Domingues, F.C. Insights in the Pathogenesis and Resistance of Arcobacter: A Review. Crit.
Rev. Microbiol. 2016, 42, 364–383. [PubMed]

85. Abay, S.; Kayman, T.; Hizlisoy, H.; Aydin, F. In Vitro Antibacterial Susceptibility of Arcobacter Butzleri Isolated from Different
Sources. J. Vet. Med. Sci. 2012, 74, 613–616. [CrossRef]

86. Kayman, T.; Abay, S.; Hizlisoy, H.; Atabay, H.I.; Diker, K.S.; Aydin, F. Emerging Pathogen Arcobacter spp. in Acute Gastroen-
teritis: Molecular Identification, Antibiotic Susceptibilities and Genotyping of the Isolated Arcobacters. J. Med. Microbiol. 2012,
61, 1439–1444. [CrossRef] [PubMed]

87. Ferreira, S.; Luis, A.; Oleastro, M.; Pereira, L.; Domingues, F.C. A Meta-Analytic Perspective on Arcobacter spp. Antibiotic
Resistance. J. Glob. Antimicrob. Resist. 2019, 16, 130–139. [CrossRef]

88. Granados-Chinchilla, F.; Rodríguez, C. Tetracyclines in food and feedingstuffs: From regulation to analytical methods, bacterial
resistance, and environmental and health implications. J. Anal. Methods Chem. 2017, 2017, 1315497. [CrossRef]

89. Sciortino, S.; Arculeo, P.; Alio, V.; Cardamone, C.; Nicastro, L.; Arculeo, M.; Costa, A. Occurrence and antimicrobial resistance of
Arcobacter spp. recovered from aquatic environments. Antibiotics 2021, 10, 288. [CrossRef]

90. Rahimi, E. Prevalence and Antimicrobial Resistance of Arcobacter Species Isolated from Poultry Meat in Iran. Br. Poult. Sci. 2014,
55, 174–180. [CrossRef] [PubMed]

91. Vandenberg, O.; Houf, K.; Douat, N.; Vlaes, L.; Retore, P.; Butzler, J.-P.; Dediste, A. Antimicrobial Susceptibility of Clinical Isolates
of Non-Jejuni/Coli Campylobacters and Arcobacters from Belgium. J. Antimicrob. Chemother. 2006, 57, 908–913. [CrossRef]

92. Son, I.; Englen, M.D.; Berrang, M.E.; Fedorka-Cray, P.J.; Harrison, M.A. Antimicrobial Resistance of Arcobacter and Campylobacter
from Broiler Carcasses. Int. J. Antimicrob. Agents 2007, 29, 451–455. [CrossRef]

93. Fera, M.T.; Maugeri, T.L.; Giannone, M.; Gugliandolo, C.; La Camera, E.; Blandino, G.; Carbone, M. In Vitro Susceptibility of
Arcobacter Butzleri and Arcobacter Cryaerophilus to Different Antimicrobial Agents. Int. J. Antimicrob. Agents 2003, 21, 488–491.
[CrossRef]

94. Sharif, M. Antibiogram of Arcobacter Species Isolated From Animals, Foods of Animal Origin and Humans In Andhra Pradesh,
India. Int. J. Sci. Environ. Technol. 2017, 6, 1260–1269.

95. Khodamoradi, S.; Abiri, R. The Incidence and Antimicrobial Resistance of Arcobacter Species in Animal and Poultry Meat Samples
at Slaughterhouses in Iran. Iran. J. Microbiol. 2020, 12, 531–536. [CrossRef] [PubMed]

96. Fleischmann, R.D.; Adams, M.D.; White, O.; Clayton, R.A.; Kirkness, E.F.; Kerlavage, A.R.; Venter, J.C. Whole-genome random
sequencing and assembly of Haemophilus influenzae Rd. Science 1995, 269, 496–512. [CrossRef]

97. Binnewies, T.T.; Motro, Y.; Hallin, P.F.; Lund, O.; Dunn, D.; La, T.; Ussery, D.W. Ten years of bacterial genome sequencing:
Comparative-genomics-based discoveries. Funct. Integr. Genom. 2006, 6, 165–185. [CrossRef]

98. National Center for Biotechnology Center. Available online: https://www.ncbi.nlm.nih.gov/data-hub/taxonomy/2321111/
(accessed on 1 July 2022).

99. Land, M.; Hauser, L.; Jun, S.R.; Nookaew, I.; Leuze, M.R.; Ahn, T.H.; Ussery, D.W. Insights from 20 years of bacterial genome
sequencing. Funct. Integr. Genom. 2015, 15, 141–161. [CrossRef]

100. Fanelli, F.; Di Pinto, A.; Mottola, A.; Mule, G.; Chieffi, D.; Baruzzi, F.; Fusco, V. Genomic characterization of Arcobacter butzleri
isolated from shellfish: Novel insight into antibiotic resistance and virulence determinants. Front. Microbiol. 2019, 10, 670.
[CrossRef] [PubMed]

101. Mueller, E.; Hotzel, H.; Ahlers, C.; Hänel, I.; Tomaso, H.; Abdel-Glil, M.Y. Genomic analysis and antimicrobial resistance of
Aliarcobacter cryaerophilus strains from German water poultry. Front. Microbiol. 2020, 11, 1549. [CrossRef] [PubMed]

102. Hänel, I.; Müller, E.; Santamarina, B.G.; Tomaso, H.; Hotzel, H.; Busch, A. Antimicrobial Susceptibility and Genomic Analysis
of Aliarcobacter cibarius and Aliarcobacter thereius, Two Rarely Detected Aliarcobacter Species. Front. Cell. Infect. Microbiol. 2021,
11, 532989. [CrossRef] [PubMed]

http://doi.org/10.4315/0362-028X.JFP-12-400
http://doi.org/10.3389/fmicb.2018.03067
http://doi.org/10.1016/j.foodcont.2014.06.013
http://doi.org/10.1016/j.ijfoodmicro.2013.01.003
http://doi.org/10.1016/j.ijfoodmicro.2014.04.004
http://doi.org/10.1111/j.1574-695X.2006.00208.x
http://www.ncbi.nlm.nih.gov/pubmed/25806423
http://doi.org/10.1292/jvms.11-0487
http://doi.org/10.1099/jmm.0.044594-0
http://www.ncbi.nlm.nih.gov/pubmed/22700547
http://doi.org/10.1016/j.jgar.2018.12.018
http://doi.org/10.1155/2017/1315497
http://doi.org/10.3390/antibiotics10030288
http://doi.org/10.1080/00071668.2013.878783
http://www.ncbi.nlm.nih.gov/pubmed/24404949
http://doi.org/10.1093/jac/dkl080
http://doi.org/10.1016/j.ijantimicag.2006.10.016
http://doi.org/10.1016/S0924-8579(03)00004-9
http://doi.org/10.18502/ijm.v12i6.5027
http://www.ncbi.nlm.nih.gov/pubmed/33613907
http://doi.org/10.1126/science.7542800
http://doi.org/10.1007/s10142-006-0027-2
https://www.ncbi.nlm.nih.gov/data-hub/taxonomy/2321111/
http://doi.org/10.1007/s10142-015-0433-4
http://doi.org/10.3389/fmicb.2019.00670
http://www.ncbi.nlm.nih.gov/pubmed/31057492
http://doi.org/10.3389/fmicb.2020.01549
http://www.ncbi.nlm.nih.gov/pubmed/32754133
http://doi.org/10.3389/fcimb.2021.532989
http://www.ncbi.nlm.nih.gov/pubmed/33816322


Microorganisms 2022, 10, 2430 17 of 17

103. Martinez-Malaxetxebarria, I.; Girbau, C.; Salazar-Sánchez, A.; Baztarrika, I.; Martínez-Ballesteros, I.; Laorden, L.; Fernández-
Astorga, A. Genetic characterization and biofilm formation of potentially pathogenic foodborne Arcobacter isolates. Int. J. Food
Microbiol. 2022, 373, 109712. [CrossRef]

104. Lin, C.; da Silva, E.; Sahukhan, A.; Palou, T.; Buadromo, E.; Hoang, T.; Howden, B.P. Towards equitable access to public health
pathogen genomics in the Western Pacific. Lancet 2022, 18, 100321. [CrossRef]

105. Sharma, V.P. Livestock Economy of India: Current Status, Emerging Issues and Long-Term Prospects. Indian J. Agric. Econ. 2004,
59, 512.

106. FCC-EMPRES. FAO’s Global Animal Diseases Surveillance and Early Warning System. 2017. Available online: https://www.fao.
org/3/i6831e/i6831e.pdf (accessed on 1 July 2022).

107. Malla, B.; Ghaju Shrestha, R.; Tandukar, S.; Bhandari, D.; Inoue, D.; Sei, K.; Haramoto, E. Identification of human and animal fecal
contamination in drinking water sources in the Kathmandu Valley, Nepal, using host-associated Bacteroidales quantitative PCR
assays. Water 2018, 10, 1796. [CrossRef]

108. Ercumen, A.; Pickering, A.J.; Kwong, L.H.; Mertens, A.; Arnold, B.F.; Benjamin-Chung, J.; Colford, J.M., Jr. Do sanitation
improvements reduce fecal contamination of water, hands, food, soil, and flies? Evidence from a cluster-randomized controlled
trial in rural Bangladesh. Environ. Sci. Technol. 2018, 52, 12089–12097. [CrossRef] [PubMed]

109. Fan, Y.; Pedersen, O. Gut microbiota in human metabolic health and disease. Nat. Rev. Microbiol. 2021, 19, 55–71. [CrossRef]
[PubMed]

110. Collado, L.; Inza, I.; Guarro, J.; Figueras, M.J. Presence of Arcobacter Spp. in Environmental Waters Correlates with High Levels of
Fecal Pollution. Environ. Microbiol. 2008, 10, 1635–1640. [CrossRef] [PubMed]

111. Haenel, I.; Tomaso, H.; Neubauer, H. Arcobacter—An underestimated zoonotic pathogen? Bundesgesundheitsblatt Gesundh. Gesundh.
2016, 59, 789–794.

112. Lappi, V.; Archer, J.R.; Cebelinski, E.; Leano, F.; Besser, J.M.; Klos, R.F.; Davis, J.P. An outbreak of foodborne illness among
attendees of a wedding reception in Wisconsin likely caused by Arcobacter butzleri. Foodborne Pathog. Dis. 2013, 10, 250–255.
[CrossRef] [PubMed]

113. Figueras, M.J.; Levican, A.; Pujol, I.; Ballester, F.; Quilez, M.J.R.; Gomez-Bertomeu, F. A Severe Case of Persistent Diarrhoea
Associated with Arcobacter Cryaerophilus but Attributed to Campylobacter sp. and a Review of the Clinical Incidence of Arcobacter
Spp. New Microbes New Infect. 2014, 2, 31–37. [CrossRef]

114. Barboza, K.; Cubillo, Z.; Castro, E.; Redondo-Solano, M.; Fernández-Jaramillo, H.; Echandi, M.L.A. First Isolation Report of
Arcobacter Cryaerophilus from a Human Diarrhea Sample in Costa Rica. Rev. Inst. Med. Trop. Sao Paulo 2017, 59, e72. [CrossRef]

115. Javaid, N.; Sultana, Q.; Rasool, K.; Gandra, S.; Ahmad, F.; Chaudhary, S.U.; Mirza, S. Trends in Antimicrobial Resistance amongst
Pathogens Isolated from Blood and Cerebrospinal Fluid Cultures in Pakistan (2011–2015): A Retrospective Cross-Sectional Study.
PLoS ONE 2021, 16, e0250226. [CrossRef]

116. Houf, K.; Devriese, L.A.; Haesebrouck, F.; Vandenberg, O.; Butzler, J.-P.; Van Hoof, J.; Vandamme, P. Antimicrobial Susceptibility
Patterns of Arcobacter Butzleri and Arcobacter Cryaerophilus Strains Isolated from Humans and Broilers. Microb. Drug Resist. 2004,
10, 243–247. [CrossRef] [PubMed]

117. Atabay, H.I.; Aydin, F. Susceptibility of Arcobacter Butzleri Isolates to 23 Antimicrobial Agents. Lett. Appl. Microbiol. 2001,
33, 430–433. [CrossRef] [PubMed]

118. Otth, L.; Wilson, M.; Cancino, R.; Fernández, H. In Vitro Susceptibility of Arcobacter Butzleri to Six Antimicrobial Drugs. Arch.
Med. Vet. 2004, 36, 207–210. [CrossRef]

119. Kabeya, H.; Maruyama, S.; Morita, Y.; Ohsuga, T.; Ozawa, S.; Kobayashi, Y.; Abe, M.; Katsube, Y.; Mikami, T. Prevalence of
Arcobacter Species in Retail Meats and Antimicrobial Susceptibility of the Isolates in Japan. Int. J. Food Microbiol. 2004, 90, 303–308.
[CrossRef] [PubMed]

120. Harrass, B.; Schwarz, S.; Wenzel, S. Identification and Characterization of Arcobacter Isolates from Broilers by Biochemical Tests,
Antimicrobial Resistance Patterns and Plasmid Analysis. J. Vet. Med. Ser. B 1998, 45, 87–94. [CrossRef]

121. Shah, A.H.; Saleha, A.A.; Zunita, Z.; Murugaiyah, M.; Aliyu, A.B. Antimicrobial Susceptibility of an Emergent Zoonotic Pathogen,
Arcobacter Butzleri. Int. J. Antimicrob. Agents 2012, 40, 569–570. [CrossRef]

122. Jasim, S.A.; Al-Abodi, H.R. Resistance Rate and Novel Virulence Factor Determinants of Arcobacter Spp., from Cattle Fresh Meat
Products from Iraq. Microb. Pathog. 2021, 152, 104649. [CrossRef]

123. Tomova, A.; Ivanova, L.; Buschmann, A.H.; Godfrey, H.P.; Cabello, F.C. Plasmid-mediated quinolone resistance (PMQR) genes
and class 1 integrons in quinolone-resistant marine bacteria and clinical isolates of Escherichia coli from an aquacultural area.
Microb. Ecol. 2018, 75, 104–112. [CrossRef]

http://doi.org/10.1016/j.ijfoodmicro.2022.109712
http://doi.org/10.1016/j.lanwpc.2021.100321
https://www.fao.org/3/i6831e/i6831e.pdf
https://www.fao.org/3/i6831e/i6831e.pdf
http://doi.org/10.3390/w10121796
http://doi.org/10.1021/acs.est.8b02988
http://www.ncbi.nlm.nih.gov/pubmed/30256095
http://doi.org/10.1038/s41579-020-0433-9
http://www.ncbi.nlm.nih.gov/pubmed/32887946
http://doi.org/10.1111/j.1462-2920.2007.01555.x
http://www.ncbi.nlm.nih.gov/pubmed/18215159
http://doi.org/10.1089/fpd.2012.1307
http://www.ncbi.nlm.nih.gov/pubmed/23379282
http://doi.org/10.1002/2052-2975.35
http://doi.org/10.1590/s1678-9946201759072
http://doi.org/10.1371/journal.pone.0250226
http://doi.org/10.1089/mdr.2004.10.243
http://www.ncbi.nlm.nih.gov/pubmed/15383169
http://doi.org/10.1046/j.1472-765X.2001.01025.x
http://www.ncbi.nlm.nih.gov/pubmed/11737626
http://doi.org/10.4067/S0301-732X2004000200012
http://doi.org/10.1016/S0168-1605(03)00322-2
http://www.ncbi.nlm.nih.gov/pubmed/14751685
http://doi.org/10.1111/j.1439-0450.1998.tb00770.x
http://doi.org/10.1016/j.ijantimicag.2012.08.001
http://doi.org/10.1016/j.micpath.2020.104649
http://doi.org/10.1007/s00248-017-1016-9

	Introduction 
	Virulence Factors 
	Livestock as a Reservoirs of Aliarcobacter 
	Factors Affecting Aliarcobacter Prevalence 

	Prevalence and Antibiotic Resistance of Aliarcobacter Species 
	Aliarcobacter Prevalence Rates in Farm Animal Fecal Content 
	Antibiotic Resistance Rates of Aliarcobacter Species in Farm Animals 

	Genomic Characterization of the Genus Aliarcobacter 
	Discussion 
	Conclusions 
	References

