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Abstract

Background and Aim: Arcobacter is a food-borne pathogen associated with human and animal infections. In Iraq, these
infections and their adverse effects on public health have not been well investigated. For this reason, as well as to submit
data on the resistance to antimicrobials and antibiotypes of the Arcobacter spp. and their occurrence in retail meat in the
Wasit marketplaces, this study was undertaken.

Materials and Methods: A total of 83 samples of fresh raw (n=35) and chilled meat (n=48) were purchased randomly
from marketplaces in various regions of the Wasit Governorate. Bacterial detection was conducted using cultural methods,
biochemical analysis, and the Oxoid Biomedical Identification System Campy. Confirmation of these bacteria at the
species level was performed using the multiplex polymerase chain reaction method. Susceptibility of the Arcobacter spp.
to antimicrobials was investigated in 11 isolates comprising Arcobacter butzleri (n=9) and Arcobacter cryaerophilus (n=2)
using the Kirby—Bauer disk diffusion method.

Results: A total of 32 (38.6%) of the 83 fresh raw and chilled meat samples tested positive for Arcobacter spp.; of those,
27 (84.4%) and 5 (15.6%) were recognized as A. butzleri and A. cryaerophilus, respectively. Maximum resistance was
perceived, respectively, to tetracycline, erythromycin, and ampicillin (90.9%, 81.8%, and 81.8%, respectively). In contrast,
a low resistance rate against fluoroquinolones up to 9.09% was found. Antibiograms of the 4. butzleri and A. cryaerophilus
isolates yielded ten antibiotypes. The vast majority of the isolates (90.91%) were resistant to no fewer than three classes
of antimicrobials, and 27.3% of these showed resistance to six antibiotics. A total of 91% of the analyzed isolates had a
multiple antibiotic resistance index score between 0.27 and 0.73.

Conclusion: Our outcomes demonstrated that retail meat can be a prospective vehicle for pathogenic Arcobacter, making
these products a possible risk to human health. Our outcomes postulate that the contamination of retail meats by pathogenic
Arcobacter is a global public health concern, particularly with the growing resistance to life-saving drugs, and emphasizes
consumer understanding about the quality and safety of these products. To achieve healthy food products, good management
practices, and successful control approaches must be implemented across the entire food chain, not only to protect consumers
from these contaminants but also to minimize the risk of drug resistance.
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Introduction Arcobacter spp. has been recovered from various
types of food, in particular chicken, veal, and pork
meat, raw milk, and shellfish, as well as from water
and vegetables [2,5-7]. Poultry species in particular
act as a vital reservoir of Arcobacter spp., as well

as are a main source of the spread of infection [3,7].

Arcobacter spp. has recently gained attention as
an aquatic and food zoonotic pathogen [1] related to
many serious conditions in animals, including enteri-
tis and abortion, as well as to bacteremia, gastroenteri-
tis, and diarrhea in humans [2]. Pathogenic species of

the genus Arcobacter, which are the most important
causes of medical conditions in humans and animals,
include Arcobacter butzleri, Arcobacter cryaerophi-
lus, and Arcobacter skirrowii [3]. Of these, A. butzleri
in particular has been classified by the International
Commission of Microbiological Specifications
for Foods as a serious danger to human health [4].
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Human infections with these pathogens have been
linked to the ingesting or handling of fresh or under-
cooked contaminated food from animal sources or
tainted water [8].

The world’s population is increasing and
the demand for food resources continues to grow.
Therefore, the use of antimicrobials by food manu-
facturers is increasing worldwide, not only as a cure
but also to improve growth and prophylaxis, resulting
in bacterial resistance [9]. Antimicrobial resistance in
bacteria is becoming a major concern in veterinary
medicine, due to the fact that animals can become car-
riers of resistant zoonotic agents, which can then trans-
mit resistance to the pathogens that affect humans [10].
Although the use of antibiotics in feeding animals is
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still hidden from the public sphere, the application of
antibiotics in meat animals has affected public health
and has been recognized scientifically [11]. According
to the Centers for Disease Control and Prevention,
80% of the total amount of antibiotics used in the
United States was dumped in the animal production
sector and not used for medical cures. At present, each
year 2 million people are infected with resistant bacte-
ria, and 23,000 die [12].

In Iraq, the demand for meat consumption
is strong, and as far as we know, no documents are
available on the prevalence of Arcobacter spp. in
retail meats in the Wasit Governorate. As such, the
impact of Arcobacter spp. remains unclear. Therefore,
we conducted this study to investigate the occurrence
and resistance to antimicrobials, as well as the antibio-
types of Arcobacter spp. recovered from retail meat,
to detect the role of these products in the epidemiol-
ogy of this pathogen as well as to evaluate the safety
of these products in our marketplaces.

Materials and Methods

Ethical approval
Ethical approval is not needed for this study.
Meat samples were collected from the reatil market.

Study period and location

The study was conducted in March 2019, and the
samples were processed at the Technical Institute of
Suwaria, Middle Technical University, Iraq.

Collection of samples

A total of 83 fresh raw and chilled meat samples,
encompassing fresh raw chicken quarters (n=18) and
cattle meat (n=17) and chilled chicken quarters (n=25)
and cattle meat (n=23), were purchased randomly
from native marketplaces and supermarkets in miscel-
laneous regions in the Wasit Governorate in Iraq and
analyzed between March and August 2019. All sam-
ples were placed in a sanitized bag of ice sachets and
moved instantly to the meat hygiene lab, where they
were analyzed within 3 h of purchase.

Bacteria isolation and identification

We analyzed the samples using a process pre-
viously described by Molva and Atabay [5], with a
slight modification. Briefly, 25 g of each sample was
homogenized for 2 min in a stomacher with 225 mL of
sterilized buffer peptone water (Oxoid CM0509, UK).
Then, a 25-mL aliquot of the homogenate was inocu-
lated into 25 mL of double-strength Arcobacter broth
(Oxo0id CM965, UK) encompassing a cefoperazone,
amphotericin B, and teicoplanin (CAT) selective sup-
plement (Oxoid SR0174, UK). This suspension was
incubated at 30°C micro-aerobically for 2 days using
Campy Gen™ atmosphere packs (Oxoid CNO025A,
UK) in an anaerobic jar (Oxoid AG25, UK).

After enrichment, 200 uL of each sample was
dispensed using a micropipette onto 0.45-um-hole
nitrocellulose film strainers (Sartorius) and positioned
into two selective agars: Trypticase soy agar (TSA,

Oxo0id CM0131, UK) enhanced with 5% Laked Horse
Blood (Oxoid SR0048C, UK) with CAT improvement
(Oxoid SR0O174, UK) and modified charcoal cefoper-
azone deoxycholate agar (mCCDA, Oxoid CM739,
UK). Then, the plates were incubated aerobically
at 30°C for ~1 h before the filter was removed. The
filtrate was streaked evenly across the surface of the
two selective agar plates, and the plates were raised at
30°C aerobically for 2 days.

Afterward, the suspected colonies were purified
by subculture onto mCCDA without supplement and
raised at 30°C for 2 days. Purified isolates were extra
confirmed morphologically to the species level using
microscopic examination for motility (wet-mount
slide for contrast microscopy) and morphology (Gram
staining) accompanied by standard biochemical anal-
ysis using catalase, oxidase, indoxyl acetate hydro-
lysis, hippurate hydrolysis, and salt tolerance [13].
A further biochemical investigation was performed
using the Oxoid Biomedical Identification System
(OBIS) Campy (Oxoid ID0803M, UK) for the differ-
entiation of Campylobacteraceae from other Gram-
negative organisms based on detection of the L-alanyl
aminopeptidase enzyme. The isolates referable at
Arcobacter were preserved in a double-strength nutri-
ent broth (Oxoid CM000, UK) with 20% (v/v) of pure
medical glycerin at —20°C for further analysis.

Confirmation of Arcobacter isolates via mPCR

Stock cultures of Arcobacterisolates were thawed
at 4°C overnight and then revived in blood agar. The
extraction and purification of bacterial DNA were con-
ducted using the Wizard® Genomic DNA Extraction
and Purification Kit (Promega, USA). A multiplex
polymerase chain reaction (PCR) (mPCR) method
that uses primers developed by Houf ef al. [14] has
been used for the conformation of Arcobacter at the
species level. The primers amplified (401) bp, (257)
bp, and (641) bp fragments from A. butzleri, A. cry-
aerophilus, and A. skirrowii, respectively (Table-1).
The mPCR reactions were carried out in 50 mL of
reaction combination (Promega 2x PCR master mix)
comprising 2 uL of DNA model; 5 mL of 10x PCR
buffer; 1.25 mM MgCl,; 0.2 mM of deoxynucleoside
triphosphate mixture; 50 pmol of each of the prim-
ers ARCO, BUTZ, CRY1, and CRY2; 25 pmol of the
SKIR primer; and 1.5 U of Taq DNA polymerase [14].

mPCR amplification was performed in a Perkin—
Elmer Thermocycler system with a preliminary dena-
turation at 94°C for 2 min, 32 cycles of denaturation
(94°C, 45 s), annealing of the primer (61°C, 45 s), and
final extension (72°C, 30 s). The amplification prod-
ucts were subjected to 1.5% agarose gel electrophoresis
with SYBR Safe DNA gel dye at 100 V for 40 min,
and the bands were visualized with a UV transillumi-
nator (Alpha Imager HP, Alpha Innotech, CA, USA).
A 100-bp DNA scale was used as a DNA molecular size
marker. Reference-strain DNA was used as a positive
control, and sterile DW was used as a negative control.
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Determination of antimicrobial susceptibility

A total of 11 Arcobacter isolates compris-
ing A. butzleri (n=9) and A. cryaerophilus (n=2)
were selected to test the susceptibility of these iso-
lates against nalidixic acid (ND; 30 ug), ampicillin
(AMP; 10 pg), ciprofloxacin (CIP; 5 ng), cefotax-
ime (CTX; 30 ug), erythromycin (E; 15 pg), tetracy-
cline (T; 30 pg), gentamicin (GM; 10 ug), cloxacillin
(CX; 5 pg), vancomycin (VAN; 30 ug), norfloxa-
cin (NOR; 10 ug), and amoxicillin/clavulanic acid
(AMC; 10 pg) using the Kirby—Bauer disk diffusion
method as cited by Quinn et al. [15]. In summary, the
bacterial isolates that were conserved in pure medical
glycerin at —20°C were thawed at 4°C and then resus-
citated in blood agar (Oxoid CM0854, UK). Pure col-
onies of Arcobacter were cultured in Mueller—Hinton
agar (Oxoid CM0337, UK) supplemented by 5% lysed
horse blood (Oxoid SR0048C, UK) and incubated at
30°C for 48 h under aerobic conditions. Bacterial col-
onies from fresh pure cultures were mixed with nutri-
ent broth (Oxoid CM000, UK); the turbidity of each
inoculum was adjusted according to the 0.5 McFarland
standards. Bacteria from each suspension were inocu-
lated into Mueller—Hinton agar supplemented by 5%
lysed horse blood using a sterile cotton swab. All plates
were allowed to dry for 5 min at 37°C before dispens-
ing the antimicrobial disks into the agar. Incubation of
the plates took place in a micro-aerobic atmosphere at
30°C for 48 h, and the diameter of the inhibition zones
was measured with calipers. The outcomes were inter-
preted based on the Clinical and Laboratory Standards
Institute [16].

Multiple antibiotic resistance (MAR) index

The MAR index of these isolates was expressed
as a result of dividing the sum of the antimicrobials to
which the recovered isolates are resistant by the sum of
the antimicrobials to which the isolates are exposed [17].

Statistical analysis

We used MedCalc Software Bvba version 18
(BE, USA https://www.medcalc.org/) to analyze the
data. We compared the proportions using two sam-
ples. We used the Chi-squared test (y?) with a 5% sig-
nificance level to study the significance between the
proportions.

Results

In 32 (38.6%) of the 83 tested samples,
morphological, microscopic, and standard biochem-
ical inspection enabled the identification of plau-
sible Arcobacter spp (Table-2) [14]. All the isolates
had the same colony morphology (small, colorless,
transparent, convex, and having a complete edge),
motility, Gram negativity, catalase, oxidase, indoxyl
acetate hydrolysis, positive salt tolerance, and nega-
tive hippurate hydrolysis. Moreover, these isolates,
when passed on the OBIS system, were negative for
Gram lysis state and for the acquisition of a-alanyle
aminopeptidase.

The isolation percentages of Arcobacter spp. in
fresh and chilled retail meat were 48.6% and 31.3%,
respectively (Table-2). A total of 32 presumptive
isolates were confirmed as Arcobacter spp. using
mPCR, with A. butzleri and A. cryaerophilus account-
ing for 84.4% and 15.6%, respectively (Table-2).
Furthermore, the peak occurrence for A. butzleri was
in fresh and chilled chicken meat (90% and 100%,
respectively), while the highest occurrence for 4. cry-
aerophilus was in fresh and chilled cattle meat (28.6%
and 33.3%, respectively).

Statistically, we found no significant effects
(p>0.05) for the occurrence of Arcobacter (y*=2.525;
p=0.1120). However, the effect of the sample category
on the occurrence of the two species is highly signifi-
cant (¥*=29.821; p<0.0001).

Table-1: Primers sequences used in the multiplex PCR assay [14].

Arcobacter species Primer Sequence of primers (5'-3’) Size in bp
Arcobacter butzleri BUTZ CCTGGACTTGACATAGTAAGAATGA 401 bp
ARCO CGTATTCACCGTAGCATAGC
Arcobacter skirrowii SKIR GGCGATTTACTGGAACACA 641 bp
ARCO CGTATTCACCGTAGCATAGC
Arcobacter cryaerophilus CRY1 TGCTGGAGCGGATAGAAGTA 257 bp
CRY2 AACAACCTACGTCCTTCGAC
Table-2: Prevalence of Arcobacter spp. in retail meat traded in Wasit marketplaces.
Samples type Samples Arcobacter positive Arcobacter Arcobacter
inspected samples (%) butzleri (%) cryaerophilus (%)
Fresh meat Chicken quarters 18 10 (55.6) 9 (90) 1(10)
Cattle meat 17 7 (41.2) 5(71.4) 2 (28.6)
Total 35 17 (48.6) 14 (82.4) 3(17.6)
Chilled meat Chicken quarters 25 9 (36) 9 (100) 0 (0)
Cattle meat 23 6 (26.1) 4 (66.7) 2 (33.3)
Total 48 15 (31.3) 13 (86.7) 2 (33.3)
Total 83 32 (38.6) 27 (84.4) 5 (15.6)
p-value ¥’=2.525 p=0.1120 ¥¥=29.821 p<0.0001
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Antibiotic resistance

Most of the tested isolates exhibited resistance
to T, E, AMP, CX, and VAN at 90.9%, 81.8%, 81.8%,
72.7%, and 72.7%, respectively (Table-3). In con-
trast, we detected a low resistance rate against fluoro-
quinolones, GM, CTX, and AMC, ranging from 0%
to 27.3%. Furthermore, A. butzleri had the highest
resistance rate to AMP, E, GM, AMC, CX, CIP, and
NOR, ranging from 11.1% to 88.9%, while 4. cry-
aerophilus exhibited high resistance to VAN, NA,T,
and CTX, ranging from 22.2% to 88.9% (Figure-1).
Chicken Arcobacter isolates showed the highest
resistance rates to AMP, NA, GM, CIP, CTX, AMC,
and NOR, while cattle Arcobacter isolates showed
the highest resistance rates to VAN, E, T, and CX
(Figure-2).

Depending on the species of the bacteria, we
found a significant effect (p<0.05) in the level of
resistance perceived to T (y>=6.290; p=0.012) and CX
(%*>=6.740; p=0.01). Furthermore, this effect is highly
significant toward AMP and E (y*=8.785; p=0.003).
However, there is no significant effect (p>0.05) for
sample category on the occurrence of resistance to
these antimicrobials (p=0.673, 0.902, 0.902, 0.259,
0.449, 0.902, 0.449, 0.902, 0.902, 0.902, and 0.449)
for AMP, VAN, NA, E, T, GM, CIP, CTX, AMC, CX,
and NOR, respectively.

The antibiogram and MAR index of the
A. butzleri and A. cryaerophilus isolates are shown in
Table-4; these isolates yielded ten antibiotypes in six
antibiogroups based on the number of antimicrobials
to which every isolate exhibited resistance. The most
important remark in this study is that the vast majority
of the Arcobacter isolates (10/11, 90.91%) established
resistance to no less than three antimicrobial classes,
and 27.3% displayed resistance to six antibiotics. In
addition, the occurrence of the MDR phenomenon in
the Arcobacter isolates recovered from chicken and
cattle meat was 85.7% and 100%, respectively. On
the basis of sample category, we found no significant

effects (p>0.05) on the existence of this phenome-
non in the Arcobacter isolates (y*=1.617; p=0.204).
Furthermore, percentages of the Arcobacter isolates
reporting MAR index scores of 0.27, 0.36, 0.45, 0.55,
0.64, and 0.73 were 9.1%, 9.1%, 18.2%, 27.3%, 9.1%,
and 18.2%, respectively (Table-4).

Discussion

Arcobacter spp. has been reported to be a sig-
nificant public health hazard [5]. Contaminated foods
may transmit these microorganisms to humans [18].
Contamination of chicken and cattle carcasses pos-
sibly caused by feces or other propagation routes
during handling or initial processing, in addition to
unhealthy food-handling practices, can lead to plau-
sible persistence or cross-contamination of retail meat
in the marketplace [5,19,20]. These microorganisms’
ability to form biofilms on various pipe surfaces may
be related to their persistence, resulting in coloniza-
tion of water delivery systems and contamination of
slaughterhouse water and equipment [21].In the cur-
rent study, 38.6% of the retail meat tested positive
for Arcobacter spp.; 84.4% and 15.6% were identi-
fied as A. butzleri and A. cryaerophilus, respectively
(Table-2). Similarly, study conducted in Spain [22],
and in Malaysia [23] have detected Arcobacter spp.
in 32% and 39% of their food samples, respectively.
In addition, they have established A. butzleri as the
prevailing species, with occurrence rates ranging from
63% to 100%, followed by A. cryaerophilus, with an
occurrence rate of 26.6%.

Lower isolation frequencies than those found in
the current research were formerly attained by Di Noto
et al. [2] in Italy; they recovered Arcobacter spp. from
14.3% of the food samples retailed in Sicily, finding
A. butzleri and A. cryaerophilus at rates of 92.3%
and 7.7%, respectively. Other studies conducted in
Belgium [24], Malaysia [25], and Turkey [26] have
found the occurrence of Arcobacter spp. in retail
minced meat, in various other sources, and in ani-
mal fecal samples 9%, 15%, and 13%, respectively.

Table-3: Prevalence of antibiotic resistance in Arcobacter spp. recovered from retail meat in Wasit marketplaces.

Antibiotics Prevalence of antibiotic resistance in Arcobacter
Sample’s type
Chicken meat (7) Cattle meat (4) Total 11 (%)

Arcobacter Arcobacter Arcobacter Arcobacter

butzleri (%) cryaerophilus (%) butzleri (%) cryaerophilus (%)
Ampicillin 5 (71.4) 1(14.3) 3 (75) 0 (0) 9 (81.8)
Vancomycin 4 (57.1) 1(14.3) 2 (50) 1 (25) 8 (72.7)
Nalidixic acid 1(14.3) 1(14.3) 1 (25) 0 (0) 3(27.3)
Erythromycin 5(71.4) 0 (0) 3 (75) 1 (25) 9 (81.8)
Tetracycline 5(71.4) 1(14.3) 3 (75) 1(25) 10 (90.9)
Gentamycin 2 (28.6) 0 (0) 1 (25) 0 (0) 3(27.3)
Ciprofloxacin 1(14.3) 0 (0) 0 (0) 0 (0) 1 (9.09)
Cefotaxime 1(14.3) 1(14.3) 1(25) 0 (0) 3 (27.3)
Amoxicillin/clavulanic acid 2 (28.6) 0 (0) 1 (25) 0 (0) 3 (27.3)
Cloxacillin 4 (57.1) 1(14.3) 3 (75) 0 (0) 8 (72.7)
Norfloxacin 1(14.3) 0 (0) 0 (0) 0 (0) 1 (9.09)
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Figure-1: Prevalence of resistance in Arcobacter isolates based on species.

Table-4: Antibiogram and MAR index of Arcobacter spp. recovered from retail meat in Wasit marketplaces.

Antibiotypes

Chicken Arcobacter Cattle Arcobacter Antibiogroups Total 11 (%) MAR index

isolates (7) isolates (4)
CTX AMP CX AMCEVANNAT 1(14.3) 0 (0) 1A 2 (18.2) 0.73
AMP CX AMCE VAN NAGM T 0 (0) 1 (25) 1B
AMPCX EVANCIPGM T 1(14.3) 0 (0) 2A 1(9.1) 0.64
AMPCX EVANGMT 1(14.3) 0 (0) 3A 3 (27.3) 0.55
AMP CX AMC E NOR T 1(14.3) 0 (0) 3B
CTX AMP CX VAN NA T 1(14.3) 0 (0) 3C
AMP CX EVANT 0 (0) 1 (25) 4A 2 (18.2) 0.45
CTXAMPCXET 0 (0) 1 (25) 4B
AMP E VAN T 1(14.3) 0 (0) 5A 1(9.1) 0.36
EVANT 0 (0) 1 (25) 6A 1(9.1) 0.27
Sensitive 1(14.3) 0 (0) - 1(9.1)
Total 6/7 (85.7) 4/4 (100) 6 10 (90.91)

CTX=Cefotaxime, AMP=Ampicillin, CX=Cloxacillin, AMC=Amoxicillin/clavulanic acid, E=Erythromycin, VAN=Vancomycin,
ND=Nalidixic acid, T=Tetracycline, GM=Gentamicin, CIP=Ciprofloxacin, NOR=Norfloxacin, MAR index=Multiple-drug

resistance index

The increased presence of these bacteria could reflect
unhealthy practices in slaughterhouses and processing
plants, with the consequent contamination of livestock
and poultry. Because the products have been stored
at 4°C and/or room temperature, these temperatures
can promote bacterial colonization [27].Even higher
occurrences of Arcobacter spp. in meat previously
have been found in Spain [8] and Chile [27], with
rates up to 92%.

Our results reveal a larger occurrence of
Arcobacter in chicken than in cattle (Table-2), in
accordance with the previous findings [22,24,26,28].
Our results also proved greater contamination lev-
els of Arcobacter spp. in fresh rather than in chilled
meat, which is in accordance with findings published
earlier [23,24].These results can be attributed to the
death of bacteria after chemical changes in the lipid
bilayer, leading to permanent physical damage to the
cells, as well as when the temperature drops to a frost,
which can lead to the formation of ice minerals that
penetrate the cell membrane, with the consequent
release of cellular components [24]. Furthermore,

this effect is greater in cattle carcasses, which can
be explained by the longer cooling process and the
absence of skin versus that in chickens, where feather
follicles provide an excellent atmosphere to protect
bacterial cells from dehydration and lower tempera-
tures [29].We found that A. butzleri was more com-
mon than A. cryaerophilus in 84.4% of the positive
samples. This result corresponds with that of many
previous findings [2,5,22,25,27]. However, other
investigators have stated that A. cryaerophilus was
more common than A. butzleri [24,26].The dissimi-
larities in the occurrence of Arcobacter spp. maybe
attributed to the different processing plant conditions
and procedures, seasonal variances, geographical
locations, experimental designs and analyses, and
water sources [30,31].

Antimicrobials are used in humans and ani-
mals to treat diseases. Therefore, the resistance of the
Arcobacter spp. to antibiotics creates a large concern
with respect to curing these diseases [32]. However,
the lack of cautious use and the excessive use of anti-
microbials can facilitate the spread of resistant genes.
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Figure-2: Prevalence of resistance in Arcobacter isolates based on samples origin.

Finding Arcobacter spp. in dissimilar sources such as
humans, bird carcasses, meat, and the environment
has publicized the issue of drug resistance [26], and
our results support this finding.

In the current study, Arcobacter spp. from retail
meat expressed high resistance to T, E, AMP, CX, and
VAN. Antimicrobial resistance can arise through vari-
ous intrinsic or acquired mechanisms that can vary by
organism and class of antimicrobial agents involved.
Intrinsic resistance is caused by natural genes present
in the host animal’s DNA, while acquired resistance
involves the acquisition of the genes that encoded the
resistance [33].

The increased resistance to P-lactam can be
linked in large part to the application of penicillin
as a food additive or a growth stimulant [34]. The
resistance to macrolides can be concomitant to their
unlimited to cure common infections in food-produc-
ing animals and to the recurrent use of spiramycin as
a growth stimulant in poultry production [35], favor-
ing the emergence of strains resistant to E [34]. The
generous use of T in human and veterinary care and
as a supplement to poultry and livestock feed can be
concomitant to the increase in organisms with high
resistance [36]. VAN resistance may be tied to the use
of avoparcin, a related glycopeptide antibiotic used
in agriculture [37]. Furthermore, environmental bac-
teria such as Enterococci spp. have been found in a
variety of foods; these bacteria transfer resistance to
various antibiotics by delivering several resistance
genes, which can be transmitted to food-borne patho-
gens [38,39]. Therefore, meat can be vulnerable to
such resistant bacteria, in particular to VAN-resistant
Enterococci (VRE). Tremendous contamination of
poultry and minced meat by VRE previously has been

detected in Turkey, with frequencies of 57.1% and
36.5%, respectively [40].

High resistance rates to T, AMP, CX, and E pre-
viously have been observed in Arcobacter spp. iso-
lated from domestic geese and animal feces in Turkey,
with rates ranging from 61.4% to 100% [26,32], as
well as high rates of resistance tot T, AMP, and E in
A. butzleri from pets in Malaysia, up to 80% [41].
In contrast with the results of our study, susceptibil-
ity to T, E, and AMP has been detected previously in
Turkey, Belgium, and Japan, ranging from 78.7% to
100% [32.,42,43].

Low levels of resistance to VAN in the Arcobacter
spp. recovered from animal feces of up to 31.8% has
been reported earlier [26]. This finding contradicts
ours, which reveals a resistance frequency of up to
72.7%. Over the breeding period, poultry habitually
interact with antimicrobials such as enrofloxacin and
sarafloxacin, which possibly explains the appear-
ance of quinolone resistance [44]. Apramycin has
been used expansively in veterinary therapy, which
probably correlates to the rise of GM resistance in
Arcobacter [44].

Our results reveal a low resistance rate to flu-
oroquinolones, GM, CTX, and AMC, ranging from
9.09% to 27.3%, which is consistent with previous
results from Turkey, showing rates ranging from 6.8%
to 31.8% [26]. These outcomes also conflict with those
from Malaysia, which have expressed Arcobacter
spp. in pets having resistance to enrofloxacin, GM,
CTX, and AMC, in rates of more than 70% [41].
These researchers attributed the extraordinary resis-
tance to these antibiotics to their high usage in cures
for humans and pet animals. On the other hand, their
susceptibility to CIP was 100% that rate in our study
was 90%. This variability could be due to the lack of
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standardized protocols and resistance cutoff points for
the isolates [45].

A. butzleri had the highest resistance rate to AMP,
E, GM, AMC, CX, CIP, and NOR, while 4. cryae-
rophilus exhibited a high resistance rate to VAN, NA,
T, and CTX. Furthermore, the chicken Arcobacter iso-
lates had high resistance rates to AMP, NA, GM, CIP,
CTX, AMC, and NOR, while the cattle Arcobacter
isolates exhibited more resistance toward VAN, E, T,
and CX (Figures-1 and 2). These results contradicted
the Turkey outcomes [26]. Variations in resistance and
susceptibility rates have been linked to differences in
antimicrobial agents, antibiotics used, organism types,
and isolate origins [26].

The over application of antimicrobial agents
has interfered with the balance of the ecosystem,
thus enriching MDR bacteria [46,47]. The rise of this
phenomenon could conceivably reveal the acquisi-
tion of lonely or miscellaneous resistance traits on
DNA particles, such as during the use of multiple
drug pumps [48]. Genetic resistance occurs either
as a result of chromosomal or plasmid bearing and
is expressed as a combination of endogenic and cap-
tured genes [44]. In this study, we found that 90.91
of the Arcobacter isolates established MDR to no less
than three antimicrobial classes (Table-4), which mir-
rors earlier results [26,30]. MDR is considered a great
threat to humanity that can affect the choice of antimi-
crobials for the cure of infections [49].

This study supports the findings of discrepan-
cies in farming practices used for the raising of ani-
mals [50]. This is illustrated in the discrepancies in the
MAR index among the Arcobacter strains recovered
from retail meat. When we realize that most supple-
mental drugs in feed or water are not wholly absorbed
in the gastrointestinal tract of these animals, and nearly
90% of the absorbed antimicrobials can be expelled in
the feces, fresh waste can be a vigorous exporter of
drug residues [51]. Accordingly, a high MAR index
can imply that these strains were recovered from meat
exposed to contamination with animal manure. That
these animals were raised on farms using dissimilar
agriculture practices may explain the discrepancies in
the MAR index in this study (from 0.27 to 0.73).

Conclusion

Our data show that retail meat can be a prospec-
tive vehicle for pathogenic Arcobacter spp. The occur-
rence of Arcobacter spp. in meat represents a possible
risk for human health because it may cause serious
diseases. In addition, these results can add newly
available data for the significant zoonotic pathogens.

Furthermore, the two pathogenic species of
Arcobacter recovered in this study were highly resis-
tant to CX, T, AMP, and E, with cumulative resistance
to GM and CIP. This finding should be considered
when therapy decisions are assessed. These results
highlight the necessity to execute further studies on
the existence, distribution, and MDR rates of the

Arcobacter spp. in diverse foods for human ingestion
in other areas in Iraq to provide additional data about
this food-borne pathogen. Moreover, it is crucial to
apply good hygiene practices and effective control
plans throughout the entire food chain to achieve safe
food product and protect consumers against these
pathogens.
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