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Abstract

Multi-drug resistance in Listeria monocytogenes is considered a major public health
problem associated with foodborne outbreaks and causes high hospitalization and
mortality rates. This study aimed to investigate the antimicrobial resistant genes among
Listeria monocytogenes isolated from meat and clinical samples. Phenotypically, the
isolates were tested for their susceptibility against the 12 most commonly used
antimicrobials in veterinary and human therapy via the disc diffusion method, while
conventional PCR was performed to study the presence or absence of 14 resistance
genes predicted in L. monocytogenes isolates. The study established that 30(66.66%) of
L. monocytogenes isolates showed phenotypic multi-drug resistance against at least
three antimicrobial classes. Furthermore, high resistance frequencies were reported
among commonly used antibiotics for listeriosis therapy. The present study revealed
that the investigated isolates show resistance against tetracycline 33(73.3%), ampicillin
29(64.4%), penicillin  28(62.2%), erythromycin 26(57.8%), and gentamycin,
clindamycin and vancomycin 24(53.3% each). Of the 45 L. monocytogenes isolates
studied, 37(82.2%) were phenotypically susceptible to meropenem, followed by
ciprofloxacin 36(80.0%) and SXT 30(66.7%). PCR amplification of antimicrobial
resistance genes established the occurrence of antibiotic resistance genes in all studied L.
monocytogenes isolates. Notably, 41(91.11%) of these isolates exhibited more than five
resistance genes. Surprisingly, penA and ampC were detected in all L. monocytogenes
strains  45(100%), followed by ermB 44(97.8%), tetA 38(84.4%), tetG 32(71.1%), and
vanB 30(66.7%). Moreover, vanA 22(48.9%) and tetB 18(40.0%) were detected less
frequently. The lowest incidences of resistance genes were observed in L.
monocytogenes carrying tetD 4(8.9%) and cmlA 6(13.3%). In conclusion, the study
demonstrates that the majority of L. monocytogenes from human and meat samples
displayed a high index of resistance to a variety of agents used for clinical listeriosis
treatment adding further burden to the existing global antibiotic resistance problem.

Keywords: Listeria monocytogenes, antimicrobial susceptibility, antimicrobial
resistance genes, PCR

*Email: azad.tahir@dpu.edu.krd

594


mailto:azad.tahir@dpu.edu.krd

Al-Brefkani Iragi Journal of Science, 2023, Vol. 64, No. 2, pp: 594-604

5 asslll (s Ay jrall Listeria monocytogenes b dygal) cilaliaall dagliall cilisad) )
Glad) (B Ayl il

S jala sasa )
L) @gan daals (oland Ludall g dpaal) Ayl LI cAdl) clyidadl LaglgiSs aud

DAl

gl GG Aasipe dad) Gona 300 BolaY) Wydieall) i b 52300 D9l daslia e
Tagleall lim) 8 Gal L) Al oda cidae L cldglly clidied) Joas eV ane ¢ )l s £ YL
cApallall alill ey cAoypel) Cilisally agalll e &g jeall Zalal) Lyicall) cilisa (s iy )Saall cilabiad
Gy @had) Z 8 Latial S8V 12 J) clig ol clilines Wiuls e B V5l ladl) 5
3535 e gl agng Al sl Judeiall Shaadpdl Jelis shal & con (A cpaill L diph 3ok oo
Lyl <¥ie 0 30(66.66%)  of duball cidl sansall Lysilll e 3 g Laglia Lus 14
elly e sdle LAY e cilig Saall Baliae il G aum LigaY) saanie dupglae daslie cupell  daagell
i€ bl ey Za ahasiay) dails Dgall bl Gy Alle doglie o e EOLY1 &
Ol ¢ 33(73.3%) Aoty ool tin daglie gl Lgeand & A W3 o Al )
Ol i) ¢ Cppessaliially ¢ 26(57.8%) Ceasin¥) ¢ 28(62.2%)  cbuidl « 29(64.4%)
37(82.2%) OIS ¢ lgiuhs s A 45 O Vi) o 00 224 (Legie ST 53.3%) CpaeatlesSillly
(oAl Lali e 30(66.7%) SXT 5 36(80.0%)  raaslasSslig e 4aly ¢ avinnguall Lyalls dulia
e paen b gl Glaliaall daslae Gl dgag g ) Cilalias dagglie ilisal PCR adis il
Laad o ST Cpelal cN3all oda (e 41(91.11%)  of SAL puaally Ldagyaall  sasgal) Lyddl
(100%) 45 Lyfiewlll =¥ aan 8 @aMPC 5 penA e CadSll 2 4 ddaall il daglie <l
sdle 30 (66.7%) vanB s « 32(71.1%)tetG (38 (%84.4) tetA « 44(%97.8) ermB lek «
Glis eVl ol cdaagd B oy 18 (%40.0) tetB 5 22(%48.9 JvanA Gilasl & ey e
asic 2l 4 .6(%13.3)cmlA - 5 4(8.9) tetD dess Al sassall Lysealll c¥ie 3 dagladll
desene Aaslid Wlle hige cujelal asallly Lyl cilie (e sansall Lyt cNie dulle of Al
daslie AlCha ) Lilial Wie Caadar Lae (uedl @bl oy 20le 6 Leasieadl Ls¥) (g degiia
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1. Introduction

Listeria monocytogenes is a Gram-positive facultative intracellular foodborne pathogen that
poses a significant threat to the food industry. It mostly initiates foodborne illness and represents
a major public health concern since it may lead to serious human illness with severe
consequences (e.g. meningitis, sepsis, prematurity), with mortality rates of up to 30% and a
neonatal mortality rate of 50% [1,2]. The pathogen is broadly distributed in a variety of foods,
including aquatic products, meat, dairy products, etc. [2]. Controlling L. monocytogenes
contamination is a major challenge facing the food industry because the bacterium can survive
under various conditions, such as cold storage temperatures, high salt concentrations, and low pH
levels [3,4]. In the past, L. monocytogenes was considered vulnerable to a wide range of
antibiotics that have bactericidal effects against Gram-positive bacteria, including tetracyclines,

595



Al-Brefkani Iragi Journal of Science, 2023, Vol. 64, No. 2, pp: 594-604

erythromycin, ampicillin, penicillin and gentamicin, which were routinely used to treat human
cases of listeriosis [5]. Over the past few decades, numerous studies have reported a high
frequency of multi-drug resistance in L. monocytogenes isolates obtained from the clinical
setting and food chain [4,6,7]. Therefore, monitoring modifications in the antimicrobial
resistance of L. monocytogenes due to the continuous emergence of resistant strains is required.
The present study aimed to explore the phenotypic and genotypic characterization of
antimicrobial resistance genes in L. monocytogenes strains isolated from meat and clinical
samples.

2. Materials and methods
2.1 Source bacterial isolates

A total of 45 L. monocytogenes isolates were obtained from humans (n=14, including high
vaginal swabs (HVS)=4, blood=4, placenta=6) and meat (n= 31, minced red meat=7, frozen
chicken meat= 17, fresh red meat=7) between 2018 and 2020 were included in this study. HVS
and placental isolates were collected from women with poor obstetric history (spontaneous
abortion and preterm delivery) attending the Duhok Obstetrics and Gynecology Teaching
Hospital, while blood strains were isolated from meningitis and septicemia cases at Hevi
Pediatric Teaching Hospital and the Duhok Kidney and Diseases Transplantation Center. Meat
isolates were obtained from the Food Testing Laboratory of the Directorate of Prevention Affairs
in Duhok. Isolates were maintained on PALCAM agar (Neogen®Company-UK) at 37°C for 24
hours. Then 3 to 5 pure colonies were transferred to 10 ml brain heart infusion broth
(Neogen®Company-UK) before the examination. All isolates were bacteriologically and
biochemically confirmed using Gram staining, a catalase test, a haemolysis test on sheep blood
agar, a Harlequin™ Listeria Chromogenic Agar (ISO) subculture (Neogen®Company-UK)
(green colonies surrounded by an opaque halo), and APl ®Listeria REF 10300 (BioMérieux,
Marcy I’Etiole, France). The L. monocytogenes strains were further confirmed by amplification
of the 938bp primer of 16S rRNA (Macrogen- South Korea), which is considered a species-
specific primer for the detection of L. monocytogenes. A previously isolated and sequenced L.
monocytogenes strain (access number: MK968366) was used as a positive control. The utilized
primers are listed in (Table 1).

2.2 Antimicrobial susceptibility testing

Listeria monocytogenes isolates were tested for antimicrobial susceptibility to the 12 most
frequently used antibiotics (Oxoid-UK) in veterinary and human medicine. This test was
performed on Muller- Hinton agar (Oxoid-UK) using the disc diffusion method [3]. Isolates were
investigated for susceptibility to glycopeptides (vancomycin 30ug), aminoglycoside (gentamycin
10 pg), lincomycin (clindamycin 2ug), p lactams (cephalexin 30pg, ampicillin 10ug, penicillin
10U), carbapenems (meropenem 10 pg), tetracyclines (tetracycline 30 pg), phenicols
(chloramphenicol 10 pg), quinolones (ciprofloxacin 10ug), macrolides (erythromycin 15ug), and
sulfonamide (trimethoprim-sulphamethoxazole 1.25/23.75 ug). After incubation for 24 hrs at
37°C, the inhibition zone (in mm) was interpreted according to clinical and laboratory standard
institute (CLSI, 2021) guidelines established for L. monocytogenes [8] The crucial values of
Staphylococcus spp. were used for vancomycin and cephalexin because the susceptibility criteria
for L. monocytogenes are not standardized [4].
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2.3 Antimicrobial-resistant gene screening of L. monocytogenes isolates:

To investigate the presence or absence of 14 antibiotic-resistant genes in L. monocytogenes
isolates, conventional PCR techniques were applied. The primers and predicted base pairs
(Macrogen, South Korea) for the PCR amplification of L. monocytogenes antimicrobial
resistance genes are listed in Table 1. Antimicrobial resistance genes encoding penicillin-binding
protein gene (penA), tetracycline efflux pump (tetA, tetB, tetC, tetD, tetE and tetG);
chloramphenicol-resistance protein (cmlA), vancomycin resistance genes, vanillate o-
demethylase oxygenase subunit (vanA and vanB), adenine methylase (ermA), erythromycin
resistance methylase (ermB), erythromycin esterase type Il (ereB) conferring resistance to
erythromycin and beta-lactamase—ampicillin resistance gene (ampC) were verified. The target
genes were amplified using a DNA thermal cycler (Applied Biosystems 9700, USA) and master
mix (2X) (Genet-Bio, South Korea) in 0.5 mL 96-well PCR plates (Applied Biosystems 9700,
USA). The reaction mixture (25 pL total volume) consisted of 12.5 pL of ready-to-use master
mix (1X), 1.0 uL of each primer (stock concentration, 10 uM), and 2 puL of DNA template.
Then, 9.5 pL of ddH,O (Ambion-USA) was added to obtain a 25 ul PCR reaction. Initial
denaturation was performed at 94°C for 4 min. Thirty-five PCR cycles were performed as
follows: denaturation at 94°C for 45 sec, annealing at 53°C for 45 sec, and DNA extension at
72°C for 45 sec. For the final extension, PCR tubes were incubated at 72°C for 7 min followed
by incubation at 4°C (Applied Biosystems 9700, USA). Salmonella typhii (Bio Lab Code for the
VITEK2 test: 001761044126210) were used as positive controls in all PCR reactions. The
positive control was obtained from the Food Testing Laboratory of the Directorate of Prevention
Affairs-Duhok.

Table 1: List of used primers in this study.

‘Target gene

Primer sequence (5' —3")
GGCCTCAATTTCCTGACG

AAGCAGGATGTAGCCTGTGC
GAGACGCAATCGAATTCGG

TetBR TTTAGTGGCTATTCTTCCTGCC 228
TetCF TGCTCAACGGCCTCAACC
TetCR AGCAAGACGTAGCCCAGCG 379

TetD F GGATATCTCACCGCATCTGC

TetDR CATCCATCCGGAAGTGATAGC 436
TetEF TCCATACGCGAGATGATCTCC

TetER CGATTACAGCTGTCAGGTGGG 442
TetG-F CAGCTTTCGGATTCTTACGG 844
TetG-R GATTGGTGAGGCTCGTTAGC

CmlA F CCGCCACGGTGTTGTTGTTATC 698
CmIAR CACCTTGCCTGCCCATCATTAG

PenA F ATCGAACAGGCGACGATGTC 500
PenA R GATTAAGACGGTGTTTTACGG

VanA-F CATGACGTATCGGTAAAATC 885
VanA-R ACCGGGCAGRGTATTGAC

VanB-F CATGATGTGTCGGTAAAATC 882
VanB-R ACCGGGCAGRGTATTGAC
AmpC-F TTCTATCAAMACTGGCARCC 550

AmpC-R CCYTTTTATGTACCCAYGA
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ErmB-F  GAAAAGGTACTCAACCAAATA 639
ErmB-R  AGTAACGGTACTTAAATTGTTTA

C
EreA-F  AACACCCTGAACCCAAGGGAC 420
G
EreA-R CTTCACATCCGGATTCGCTCGA
EreB-F AGAAATGGAGGTTCATACTTA 546
CCA
EreB-R CATATAATCATCACCAATGGC
A
F CAG CAG CCG CGG TAATAC 938
R CTC CAT AAA GGT GAC CCT

3. RESULTS and DISCUSSION
3.1 Antimicrobial susceptibility testing

Listeria monocytogenes is considered a significant foodborne pathogen linked to high
morbidity and mortality [14]. In Iraqg, there is a lack of official data on the antimicrobial
resistance profile of L. monocytogenes [15]. Such data could assist in determining the
significance of the resistance rate reported in this and other studies. The present study
investigated the phenotypic and genotypic characterization of the antimicrobial susceptibility
pattern of 45 L. monocytogenes strains isolated from meat (n=31) and various clinical (n=14)
specimens. According to the currently accepted standard [16], when a bacterium is resistant to
three or more antibiotics of different classes, it is considered a multi-drug resistant bacterium. In
this study, 66.66% of multi-drug resistant strains (resistant to >3 classes) were established (Table
2). Since the first report on the antimicrobial resistance profile of L. monocytogenes isolates [17],
the global prevalence of microbial resistance in L. monocytogenes was considered relatively
insignificant [18,19]. However recent findings suggest an emerging incidence of antimicrobial
resistance in L. monocytogenes isolated from different sources [20,21]. A total of 29(64.4%),
28(62.2%), and 24(53.3%) L. monocytogenes isolates were resistant to ampicillin, penicillin and
gentamycin, respectively. These antimicrobials are traditionally used as first-choice drugs for
listeriosis treatment. Resistance to ampicillin and penicillin in L. monocytogenes recovered from
meningitis cases have been reported anciently by [22]. To corroborate this study’s findings, a
survey conducted in Iran reported a high resistance rate to a penicillin (100%) and ampicillin
(90%) in L. monocytogenes isolated from various sources. Furthermore, 50% of L.
monocytogenes exhibited resistance to gentamycin in a study performed by [23] in Jordan. In
contrast, numerous studies have shown L. monocytogenes strains that were nearly susceptible to
penicillin, ampicillin and gentamycin [24-26]. Regardless of the sample type, this study
highlighted an increase in the resistance rate to tetracycline (73.3%), erythromycin (57.8%), SXT
(57.1%), vancomycin (53.3%) and ciprofloxacin (50%) (Table 2). These antimicrobials are
commonly used as the second choice of treatment in clinical listeriosis and veterinary use.
However, vancomycin is considered the last line of defense against most Gram-positive bacteria.
Globally, existing studies largely support the results of the present study. In India, L.
monocytogenes isolates showed 85.7% and 90.5% resistance to erythromycin and tetracycline,
respectively. Likewise, in Egypt, high resistance frequencies were also reported for erythromycin
(62.5%) and tetracycline (59.4%) [27]. Moreover, a recent study from Iran reported variable
results for commonly used antimicrobials, with some of the results being inconsistent with the
outcomes of the present study [28]. Swetha et al. noted that 90% of L. monocytogenes isolates
recovered from animal products were susceptible to erythromycin, while 80% of isolates were
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susceptible to either gentamycin and vancomycin, 70% displayed resistance to tetracycline, and
50% presented intermediate resistance to ciprofloxacin [28]. However, Yan et al. observed a low
frequency of resistance to ciprofloxacin (17.8%) in a study conducted in China [29].
Furthermore, a fully sensitive L. monocytogenes to erythromycin (100%) was reported in Iraq by
Zena Khalil which is in contrast to this study's findings [25]. The clinical isolates showed
susceptibility to meropenem (85.7%), followed by trimethoprim/sulfamethoxazole (SXT)
(57.1%) and ciprofloxacin (50.0%). However, the meat strains showed high susceptibility to
ciprofloxacin, meropenem, SXT and chloramphenicol (77.4, 74.2, 64.5 and 58.1% respectively)
(Table 2). The present study highlights the high rate of antimicrobial resistance among humans
and various types of meat, which is a topic of concern. As such, continuous monitoring is
required to establish the resistance profiles of the most common pathogenic bacteria circulating
in Irag. The high prevalence of antimicrobials resistance detected in this study possibly occurred
due to the extensive use of these antibiotics in clinical therapy and animal feed complements
[30].

Table 2: Phenotypic susceptibility L. monocytogenes isolates to different antimicrobials

Antimicrobials Break Human Meats Total
points (n=14) (n=31)
(MM)
R R P value
Ampicillin <28 8(57.1%) 21(67.7%) 29(64.4%)  0.492
Cephalexin <14 9(64.3%) 19(61.3%) 28(62.2%) 0.342
Chloramphenicol <12 8(57.1%) 13(41.9%) 21(46.7%) 0.344
Ciprofloxacin <15 4(28.6%) 5(16.1%) 9(20.0%) 0.154
Clindamycin <0.5 9(64.3%) 15(48.4%) 24(53.3%)  0.457
Erythromycin <13 8(57.1%) 18(58.1%) 26(57.8%)  0.665
Tetracycline <19 11(78.6%)  22(71.0%) 33(73.3%) 0.484
Gentamycin <12 8(57.1%) 16(51.6%) 24(53.3%) 0.925
Meropenem <14 2(14.3%) 6(19.4%) 8(17.8%) 0.547
Penicillin <28 9(64.3%) 19(61.3%) 28(62.2%)  0.848
SXT <10 5(35.7%) 10(32.3%) 15(33.3%) 0.798
Vancomycin <14 7(50.0%) 17(54.8%) 24(53.3%)  0.904

3.2  Prevalence of L. monocytogenes antimicrobial resistance genes

The occurrence of antibiotic resistance genes in all 45 L. monocytogenes isolates from human
and meat samples was established with primers (see Table 3). The results of the present study
indicate that the genotypic characterizations were quite consistent with the phenotypic resistance
profiles of the examined L. monocytogenes isolates. Of the 45 L. monocytogenes strains, 41
(91.11%) isolates had more than five resistance genes (Table 3). Many pathogens are
intrinsically resistant to certain antimicrobials. Notably, this is related to their undefined
physiology. Conversely, many other pathogens may develop antimicrobial resistance via gene
mutation or other genetic alteration mechanisms [31]. It has been discovered that numerous
mechanisms are involved in the transfer of undesirable antimicrobial associated genes into L.
monocytogenes. For instance, the conjugation transfer of resistance genes from Streptococcus
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spp. and Enterococcus spp. and to some extent from a Staphylococcus spp. plasmid or
transposons into L. monocytogenes to the gastrointestinal tract, may be associated with multi-
drug resistance [32,33]. Moreover, a decrease or increase in outer membrane permeability,
mutations in ribosomal protein genes, and activation of the efflux pump could also contribute to
antimicrobial resistance phenotypes [34, 35]. In this study it was reported that penicillin and
ampicillin resistance genes (represented by penA and ampC), were detected in all considered
strains, followed by ermB (97.8%), tetA (84.4%), tetG (71.1%), vanB (66.7%) and ereB (64.4%)
(Table 3). Moreover, vanA (48.9%) and tetB (40.0%) were detected less frequently (Figure 1).
Although the presence of resistance genes alone does not necessarily indicate that the pathogen is
phenotypically resistant to the same antibiotic since the gene associated with resistance may not
be released by the bacteria, surveying the resistance genes is remain important since many of
these bacteria may work as an antimicrobial resistance gene pool for other commensal and
pathogenic bacteria [24,36]. Confirming the previous statement, the findings of this study
showed that all L. monocytogenes isolates possessed ampC and penA resistance-associated
genes, whereas only 64.4 and 62.25 of the isolates were phenotypically resistant to ampicillin
and penicillin, respectively. Likewise, 97.8% carried ermB, 64.4% carried ereB and 15.6% of the
isolates were ereA resistance- gene positive (representing erythromycin resistance genes).
However, only 57.8% of the isolates displayed phenotypic resistance to erythromycin.
Additionally, tetA and vanB resistance genes were detected in 84.4 and 66.7% of L.
monocytogenes strains, respectively, whereas 73.3 % of isolates exhibited resistance to
tetracycline and 53.3%exhibited resistance to vancomycin. The lowest incidence of resistance
genes was observed in L. monocytogenes with tetD (8.9%), cmlA (13.3%), ereA (15.6%), tetE
(17.8%), and tetC (20.0%) (Table 3). Similarly, a study conducted in Iran reported that 66.7% of
studied L. monocytogenes isolates harbored ampA and only 33.3% carried vanA resistance genes
[37]. These results are also supported by other studies conducted in the UK and the USA [38]
and [24], respectively. The results of this study are consistent with those of [24], which involved
carrying one resistance gene but not the other representing the same antimicrobial. In contrast to
the results of this study, [37] and [39] reported that no tetracycline (tetA,tetB, tetC, tetK, tetL,
tetM and tetS), vancomycin (vanA, vanB) or erythromycin (ermA, ermC) resistance
determinants were identified in any L. monocytogenes strains isolated from food products in Iran
and Australia, while we found an ermB resistance gene in a single isolate. Additionally, ermA
and ermB, were also not detected in the study by Swetha et al., in Iran [28]. The percentage of
resistance genes (tetB , tetC, tetD, cmlA, vanB and ereA) in L. monocytogenes isolated from
humans was higher than for the L. monocytogenes isolates from meat. However, these values
were not significant except for the ereA resistance gene (p-value= 0.012). This study established
that at least three of the resistance genes examined were found in  75% of the L. monocytogenes
strains isolated from HVS, while at least five of the resistance genes examined were detected in
L. monocytogenes recovered from placenta and blood. Regarding the L. monocytogenes isolates
from meat, this study ascertained that at least six resistance genes were found in all meat samples
irrespective of their type (Table 3).
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Table 3: Frequency of antimicrobial resistance associated genes in L. monocytogenes isolates.
Frequency of antimicrobial resistance associated genes isolates No. (%)

Genes Human (n=14) Meats (n=31) Total P value
TetA 11(78.6%) 27(87.1%) 38(84.4%) 0.465
TetB 7(50.0%) 11(35.5%) 18(40.0%) 0.357
TetC 4(28.6%) 5(16.1%) 9(20.0%) 0.334
TetD 2(14.3%) 2(6.5%) 4(8.9%) 0.393
TetE 2(14.3%) 6(19.4%) 8(17.8%) 0.681
TetG 9(64.3%) 23(74.2%) 32(71.1%) 0.497
cmlA 3(21.4%) 3(9.7%) 6(13.3%) 0.283
penA 14(100%) 31(100%) 45(100%) -
Van A 6(42.9%) 16(51.6%) 22(48.9%) 0.586
vanB 11(78.6%) 19(61.3%) 30(66.7%) 0.255
ampA 14(100%) 31(100%) 45(100%) -
ereA 5(35.7%) 2(6.5%) 7(15.6%) 0.012
ereB 7(50%) 22(71.0%) 29(64.4%) 0.174
ermB 14(100%) 30(96.8%) 44(97.8%) 0.497

Figure 1: Amplification of tetA, tetB, tetC, tetD, tetE, tetG, camlA, penA, vanA, vanB, ampC,
ermB, ereA, and ereB at 372bp, 228bp, 379bp, 436bp, 442bp, 844bp, 698bp, 500bp, 885hp,
882bp, 550bp, 639bp, 420bp, and 546bp, respectively, by conventional PCR. 100bp ladder were
used on 1.5% agarose gel at 85V for 45mints.

601



Al-Brefkani Iragi Journal of Science, 2023, Vol. 64, No. 2, pp: 594-604

4. CONCLUSION

In conclusion, this study established the emergence of a major transition in the incidence of
antimicrobial resistance in L. monocytogenes isolates, which is logically predicted as food
manufacturing techniques shift from locally grown foods to a globally connected food supply
paradigm. The present study also provides significant information on L. monocytogenes
susceptibility to commonly used antibiotics. Moreover, the study demonstrates that the majority
of L. monocytogenes from human and meat samples displayed a high index of resistance to a
variety of agents used for clinical listeriosis treatment adding further burden to the existing
global antibiotic resistance problem. To minimize the prevalence of antimicrobial resistance
pathogens and decrease the potential public health influence, we require a better understanding
of how these resistance genes are acquired and transmitted. Furthermore, this study highlights
the need for an international approach to the antimicrobial resistance surveillance of clinical
settings and food chains.
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