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Abstract
This study focuses on the prevalence of Listeria monocytogenes (Lm) in pork meat and on inert surfaces from slaughterhouses in
Sonora, Mexico. A total of 21 Lmwere obtained from 103 samples, giving a prevalence of 20.3%. The prevalence of Lm in pork
loin was 15.9% and 20.8% for inert surfaces in Federal Inspection Type (FIT) slaughterhouses. For non-FIT slaughterhouses, the
prevalence was 25.7%. PCR amplification of genomic DNA from the Lm isolates revealed the presence of the hlyA gene,
suggesting a pathogenic nature for these isolates. The isolates obtained in this work all clustered with Lm, according to our
phylogenetic analysis based on the 16S rDNA sequence. This Lm cluster indicates that Lm isolates 7-2, 4, 2-1, 10B, 8, 3, 3-3, and
9 share 16S rRNA identity with other Lm isolates that have been reported as foodborne pathogens (rR2-502, J1817, J1816,
J1926) and that are involved in foodborne outbreaks. The most commonly detected serotypes were 1/2a and 1/2b. All isolates
displayed differential responses to the assayed antibiotics, and most isolates were able to grow in the presence of penicillin G, or
both penicillin and penicillin-derived (oxacillin) antibiotics.
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Introduction

The genus Listeria includes the foodborne pathogen
L. monocytogenes (Lm) and 14 other species: L. grayi,
L. innocua, L. welshimeri, L. seeligeri, L. ivanovii, L. marthii,
L. rocourtiae, L. fleischmannii, L. weihenstephanensis,
L. floridensis, L.aquatica, L. cornellensis, L. riparia, and
L. grandensis [1].

Globally, Lm is closely linked to the contamination of var-
ious food sources [1]. Importantly, Lm can infect humans and
cause the disease listeriosis, which affects the elderly,
immuno-compromised people and pregnant women, all with

a high mortality rate [2]. Lm is ubiquitous, and human health
responses after pathogen exposure vary depending on the
pathogen virulence and dosage as well as the immune status
[3].

Upon infection, Lm can cause meningitis, miscarriage,
perinatal infections, encephalitis, meningoencephalitis, septi-
cemia, stillbirth, and gastroenteritis [4].

One main source of Lm is ready-to-eat food products.
Occasionally, a dose with low infectivity can cause an out-
break and in some cases only one bacterial cell is needed to
cause disease, although the microorganism inoculum can
reach levels > 1000 CFU g−1 in listeriosis outbreaks [3]. The
Codex Alimentarius established in their Listeria’s directories
of ready-to-eat foods in which growth of L. monocytogenes
can occur a microbiological criteria where in a 2-class plan the
maximum number allowed of defective sample unit is zero
and the m value is absence in 25 g (<0.04 cfu g−1), (CAC/
GL 61–2007) [5].

Food safety during manufacturing and food processing is a
vital concern. Lm, which is known to be persistent during food
processing, is well adapted to aggressive environmental con-
ditions such as low temperature [6], low pH [7], and high salt
concentrations [8]. More recently, Lm has been reported as
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being resistant to different sanitizers, making it more difficult
to eliminate when biofilms are formed [9]. Lm frequently oc-
curs in raw pork meat and the main sites of raw pork meat
contamination are the slaughterhouse and the cutting room,
suggesting that the equipment coming into contact with the
rawmeat may be the primary source of contamination [3]. The
equipment used in pork meat preparation also has a determi-
nant role in the spread of Listeria in slaughterhouses, which
includes surfaces such as pluck sets, tongues, tonsils, saws,
drains, and cutting tables [10]. Furthermore, it has been re-
ported that the pathogen has a 71–100% occurrence in chilling
and cutting areas [10]. Finally, poor quality control during
handling and packaging in the food production process can
also cause Lm contamination.

The CDC (USA) has reported that different foods contam-
inated with Lm resulted in 1600 cases of illness, about 1500
hospitalizations, and 260 deaths per year [11]. One of the most
lethal outbreaks occurred in Canada, which was due to the
consumption of contaminated processed products, resulting
in 57 sick patients and 22 deaths [12].

Mexico exports pork to several different Asian countries
(Japan, South Korea, and China). Sonora is the second largest
pork-producing region in Mexico (234,639 t produced in
2016), part of which is exported to China [13]. In Mexico,
there is no exact data on the incidence of listeriosis but Lm
has a similar incidence compared with other countries, rang-
ing from 1 to 20%. In Mexico, also there are no precise esti-
mates on the economic costs that Lm represents [14]. The Lm
prevalence in samples of Mexican beef and imported beef in
Mexico has been reported at 18% and 8.8%, respectively [15].
In Sonora, collected cheese samples have been found with an
Lm prevalence of 3.4%, using two different methods NOM-
FDA and USDA-FIS for sample recovery and bacterial isola-
tion [16]. Although there are no reports of Lm incidence or
occurrence in processed pork meat in Mexico, the pork meat
industry in Sonora must focus on the control of this pathogen
by minimizing its prevalence on inert surfaces that come into
contact with fresh meat. The aim of this study was to evaluate
Lm prevalence in pork loin and on inert surfaces, as well as to
perform the molecular identification of Lm isolates obtained
from Federal Inspection Type (FIT) and non-FIT slaughter-
houses in Sonora, Mexico.

Materials and methods

Sample collection Pork samples were collected from
March 2014 through February 2015 at one FITslaughterhouse
and one non-FIT slaughterhouse (N/FIT) in southern Sonora,
Mexico. A total of 103 samples were obtained, including 79
pork loin samples (44 from FITand 35 N/FIT) and 24 samples
from FIT inert surfaces including conveyor belts, polyamide
tables, knives, and hooks. No samples from N/FIT

slaughterhouse inert surfaces were taken. All samples collect-
ed were stored at low temperature (4–8 °C) and analyzed on
the same day of the collection.

Bacterial isolation and biochemical characterization of
Listeria monocytogenes Listeria spp. isolation was per-
formed according to Annex C of the standard norm regulation
210 for Mexico [17]; this norm is fully equivalent to the
ISO11290 protocol [18]. An individual meat (pork loin) sam-
ple (25 g) was mixed with 25 ml of phosphate buffer saline
(1× PBS; with a final concentration of 137 mMNaCl, 10 mM
phosphate, 2.7 mMKCl, and pH 7.4) and homogenized with a
sterile blender under sterile conditions. For inert surface sam-
pling, sterile pre-wetted gauze was used to rub a surface area
of 10 cm2. Individual gauze sections were submerged in 25ml
of PBS, and enrichments were performed for each sample
with 225 ml of Fraser Broth (Biocontrol, Cat. 63017-500),
combined with Fraser supplement (Sigma-Aldrich, Cat.
90836-10VL; Darmstadt, Germany), and incubated for 48 h
at 36 °C. The enrichment culture was then plated onto Oxford
medium (Condalab, Cat. 1133; Torrejón de Ardoz, Madrid,
Spain) with supplements (Oxoid, Cat. SR0140E; Waltham,
Massachusetts, USA) and incubated for 48 h at 36 °C for
selective isolation of Lm. Subsequently, the round grayish
colonies surrounded by dark halos were taken to the following
tests.

The following tests were performed to each recovered iso-
late: Gram staining; catalase and oxidase tests, motility test at
25 °C, acid production from rhamnose and xylose, the β-
hemolytic activity on sheep blood agar test, and the CAMP
test (Christie, Atkins, Munch-Peterson test). They were per-
formed according to Momtaz and Yadollahi [19]. For the
CAMP test, the Staphylococcus aureus ATCC 29213 (SA+)
and Rhodococcus equi ATCC 6939 (RE−) were used as con-
trols [19]. Listeria monocytogenes ATCC 7644 was used as
the positive control for all tests. All recovered isolates were
stored at − 70 °C with glycerol (15%) until use.

Molecular analysis: hlyA detection, molecular serotyping, and
phylogenetic analysis Lm bacterial isolates were cultured for
24 h on nutrient agar at 37 °C. Cells were suspended in 200 μl
of lysis buffer (20 mM Tris–Cl, pH 8.0; 2 mM sodium EDTA;
1.2% Triton X-100; lysozyme at 20 mg/ml) and incubated at
37 °C for 30 min. Next, 25 μl of proteinase K (15 mAU/ml)
was added and incubated at 56 °C for 30 min. Genomic DNA
was extracted using the DNeasy Blood & Tissue Kit
(QIAGEN; Hilden, Germany) following the manufacturer’s
instructions for Gram-positive bacteria. The DNA concentra-
tion and purity were measured using a Nanodrop 2000c UV–
Vis spectrophotometer (ThermoFisher, Inc.; Wilmington, DE,
USA).

Primers LmA (5′-CGG AGG TTC CGC AAA GAT G-3′)
and LmB (5′-CCT CCA GAG TGA TCG ATG TT-3′) were
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used to amplify a 230-bp product from the hlyA gene [20].
The PCR reaction for the hlyA gene was performed in a total
volume of 25 μl containing 1× PCR buffer, 2 mM of MgCl2,
0.2 μMof dNTPs, 0.2 μMof each oligonucleotide, 1 U of Taq
DNA polymerase, and 10 ng of DNA. The PCR (Labnet,
MultiGene optiMAX; Edison, NJ, USA) conditions used for
the hlyA gene were an initial denaturation step at 95 °C for
5 min, followed by 30 cycles at 95 °C for 30 s, annealing at
57.5 °C for 30 s, and extension at 72 °C for 30 s, and a final
step at 72 °C for 10 min.

Primers F2C (5′-AGA GTT TGATCC TGG CTC-3′) and
C (5′-GTA CAC ACC GCC CGT-3′) were used to amplify a
1408-bp product from the16S rDNA gene [21]. The PCR
reaction for 16S rDNA gene was performed in a total volume
of 25 μl containing 1X PCR buffer, 1.5 mM of MgCl2,
0.2 μM of dNTPs, 0.2 μM of each oligonucleotide, 1 U of
Taq DNA polymerase, and 10 ng of DNA. The PCR condi-
tions were an initial denaturation step at 95 °C for 5 min,
followed by 30 cycles at 95 °C for 30 s, annealing at 60 °C
for 30 s, and extension at 72 °C for 90 s, and a final step at
72 °C for 10 min. L. monocytogenes ATCC 7644 gDNAwas
used as positive control.

The PCR assay for the detection of Lm serotypes was car-
ried out with the primers reported previously [19]. Three pairs
of primers were used for the three major serovars of Lm;
lmo0737F (5′-AGG GCT TCA AGG ACT TAC CC-3′) and
lmo0737R (5′-ACG ATT TCT GCT TGC CAT TC-3′) were
used to amplify 691-pb of the putative protein gene with un-
known function in order detect the serotype 1/2a; ORF2819F
(5′-AGC AAA ATG CCA AAA CTC GT-3′) and ORF2819R
(5′-CAT CAC TAA AGC CTC CCA TTG-3′) were used to
amplify 471-pb fragment of the putative transcriptional regu-
lator in order to detect the serotype 1/2b; and the primers
ORF2110F (5-AGT GGA CAA TTG ATT GGT GAA-3′)
and ORF2110R (5′-CAT CCA TCC CTT ACT TTG GAC-
3′) were used to amplify 597-pb fragment of the putative se-
creted protein in order to identify the 4b serotype. The PCR
reaction was performed in a total volume of 12.5μl containing
1× PCR buffer, 2.5 mM ofMgCl2, 0.8 mM of dNTPs, 0.4 μM
of each oligonucleotide, 1 U of Taq DNA polymerase, and
10 ng of DNA. The PCR conditions were an initial denatur-
ation step at 95 °C for 7 min, followed by 30 cycles at 95 °C
for 15 s, annealing at 51 °C for 15 s, and extension at 72 °C for
45 s, and a final step at 72 °C for 10 min. PCR products were
loaded and electrophoresed in a 1% agarose gel in 0.5 X Tris-
acetate EDTA buffer, stained with ethidium bromide, and vi-
sualized on a Minibis Pro DNR system (Bio-Imaging
systems).

Sequencing of the 16S rDNA gene 16S rDNA amplicons were
purified using the QIAquick Gel Extraction kit (QIAGEN;
Hilden, Germany) according to the manufacturer’s instruc-
tions. The internal primer U1 (5′ CCA GCA GCC GCG

GTA ATA CG 3′) was used for sequencing the F2C/C
amplicons with an ABI 3730 XL automated sequencer at the
National Laboratory of Genomics and Biodiversity
(LANGEBIO; Irapuato, Mexico) [21].

Phylogenetic analysis The sequence files were analyzed
using Chromas freeware (ver. 2.01; Chromas li te
Technelysium Pvt. Ltd.; South Brisbane, Australia).
Reference sequences were obtained from the GenBank da-
tabase (National Center for Biotechnology Information).
The alignment was constructed using Clustal-W with the
MEGA 6.0 software. The phylogenetic relatedness was es-
timated using the neighbor-joining method. The evolution-
ary distances were computed using the Kimura 2-parameter
method. The bootstrap consensus tree inferred from 1000
replicates represents the evolutionary history of the se-
quences analyzed. The phylogenetic analysis was per-
formed using MEGA software version 6.0 [22].

Antibiotic susceptibility Isolates presenting the hlyA gene (as
detected by PCR) were assayed for antibiotic susceptibility by
the disk diffusion assay according to the Clinical and
Laboratory Standards Institute (CLSI) guidelines as described
in de Vasconcelos Byrne et al. [23]. Briefly, the bacterial iso-
lates were grown in tryptic soy broth at 35 °C for 24 h. After
this, the cultures were diluted on saline solution and adjusted
to 0.5 according to the McFarland scale. The assays were
carried out in Muller–Hinton agar (Becton Dickinson and
Company, Sparks, MD USA.), and disks impregnated with
the following antibiotics were analyzed: penicillin G (Pcn.,
10 U; Cat # CT0043B), oxacillin (Oxa., 1 μg; CT0159B),
tetracycline (Tet., 30 μg; CT0054B), clarithromycin (Clar.,
15 μg; CT0693B), and sulfamethoxazole/trimethoprim
(Smx/Tpm, 1.25/23.75 μg; CT0052B), these antibiotics were
purchased fromOxoid (Cambridge, UK). The Staphylococcus
aureus ATCC 29213 was used as a control strain. The inhibi-
tion halos were interpreted following the breakpoints criteria
established in the CLSI guidelines for Staphylococcus aureus
[23, 24].

Results

Biochemical characterization of bacterial isolates as Lm
Twenty-one biochemically confirmed Lm isolates were ob-
tained from the 103 samples analyzed (Table 1). All isolates
showed results identical to the positive control (Lm ATCC
7644). Seven isolates were obtained from 44 pork loin sam-
ples from FIT slaughterhouse. Nine isolates were obtained
from 35 pork loin samples from N/FIT slaughterhouse, and
five isolates were obtained from inert surfaces samples from
FIT slaughterhouse (Table 1).
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Prevalence of Lm in FIT and non-FIT slaughterhouses
Twenty-one samples out of a total of 103 samples from
FIT and non-FIT slaughterhouses were found contami-
nated with Lm, giving 20.3% of total prevalence
(Table 1). A total of 7 contaminated samples resulted
from 44 pork loin samples analyzed giving a prevalence
of 15.9% for FIT slaughterhouse. The 9 pork loin

samples from N/FIT slaughterhouse give a 25.7% of
prevalence, resulting in 9 confirmed isolates. And the
prevalence for inert surfaces from FIT was 20.8%
(Table 1).

Molecular identification, serotyping, and phylogenetic analy-
sis of Lm isolatesHere, we detected by PCR amplification
the presence of the hlyA gene in all 21 Lm isolates,
confirming the identity as Lm.

We used 16S rDNA sequencing to know the phylogenetic
relationship of Lm isolates with other Lm isolates previously
reported. The 16S rDNA 1406 bp amplicon sequences were
registered in GenBank, and the accession numbers are
KY952637toKY952657.For thephylogeneticanalysis, sev-
eral 16S rDNAgene sequenceswere retrieved fromNCBI, as
well as two sequences each from several species of Listeria
(L. innocua,L.marthii,L.welshimeri,L.seeligeri,Livanovii,
L.rocourtiae,andL.grayi)andfourLmsequencesfromstrains
thatwerepreviouslyreportedaspathogenictohumans.TheLm
isolates were located in a separate cluster from other Listeria
species, but showing identity toL. innocua (68%) (Fig. 1). A
sub-clustercomposedof the four remaining isolates (3-1,1-1,
3-2,and1-2)wasformedintheLmclustergroup(a)(Fig.1).All
tested isolates displayed a shared identity (ranging from97 to
100%) between them and other Lm pathogenic isolates (Lm
R2-502,Lm J1817,Lm J1816,Lm J1926) (Fig. 1).

Table 1 Prevalence of Lm strains isolated from different samples. All
samples were collected in pork slaughterhouses

Type of sample Samples Prevalence % Lm isolates
obtained

Pork loins FIT 44 15.9 7

N/FIT 35 25.7 9

Inert surfaces FIT 24 20.8 5

N/FIT 0 0 0

TOTAL 103 20.3 21

Federal Inspection Type slaughterhouse is a place for slaughter, process-
ing, and sanitary industrialization of beef, pork, and poultry meat. These
slaughterhouses have complied with the most stringent international stan-
dards of quality and hygiene, with the purpose of producingmeat of good
quality and in optimal sanitary conditions (definition taken and translated
from https://www.gob.mx/firco/articulos/sabes-que-es-un-rastro-tipo-
inspeccion-federal?idiom=es)

N/FIT: The samples were taken from a non-FIT slaughterhouse, which
does not comply with the international standards of quality and hygiene.
Inert surface samples were not collected in the N/FIT slaughterhouse

Fig. 1 Distance tree derived from 16S rDNA gene sequences. The tree
was constructed with MEGA 6.0 (bootstraps = 1000), using the Kimura
2-parameter method (K2P + G). The rate variation among sites was
modeled using a gamma distribution (shape parameter = 105). Bootstrap
values are indicated as percentages. Twenty-one Lm isolates obtained

from pork loin samples and inert surfaces in addition to 19 reference
sequences were used to build the tree. NJ neighbor joining. 10B Lm
represents 10 isolates of Lm with identical sequences (1-3 Lm, 7 Lm, 7-
1 Lm, 10 Lm, 11 Lm, 12 Lm, 13 Lm, 17 Lm, 19 Lm, and 20 Lm). (a)
indicates a subgroup inside the Lm branch of the tree
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The most frequent serotype detected was 1/2b, resulting in
17/21 (80.95%) samples. The frequency of 1/2a was 19.04%
(4/21), the serotype 4b was not detected (Table 2).

Antibiotic susceptibility The 21 isolates identified as Lm
showed differential responses to the antibiotic susceptibility.
All 21 isolates were resistant to Oxa and Pcn in this study
(Table 3). For Smx/Tpm, 12 isolates were susceptible, surpris-
ingly 9 isolates were resistant (1 resistant isolate and 8 inter-
mediate ones) (Table 3). All the isolates were susceptible to
Clar, and a total of 20 isolates showed Tet resistance. One
isolate displayed intermediate Tet resistance (Table 3).

Discussion

Prevalence of Lm in FIT and non-FIT slaughterhouses Food
safety is an international concern, and food contamination
(especially by Lm) can cause wide-ranging issues.
Specifically, Lm contamination can inflict economic losses
on the food industry, in addition to its severe human health
repercussions, including miscarriage and food poisoning. The
persistent nature of this pathogen highlights the need for vig-
ilance through cleaning and disinfection cycles in the food
industry [25]. Twenty-one isolates were obtained from pork
loin and inert surfaces on pork industry, evidencing the pres-
ence of Lm on raw pork meat.

The FIT slaughterhouse includes slaughter facilities and
processing and industrialization sanitary facilities for beef,
pork, and poultry meat, and they are regulated with the
strictest International Standards of Quality and Hygiene with
the purpose of supplying the consumers with meat of good
quality and in optimum sanitary conditions in comparison
with a non-FIT slaughterhouse that does not follow similar
standards of quality. Lm is capable of contaminating pork
and meat products, as well as other processed food products
for human consumption [26]. The Lm prevalence reported
here on raw pork samples from pork processing plants is less
to the 37% prevalence reported in a previous study [27]. Other
studies have reported 55% [28] and even up to 70–100%
prevalence in pork chilling and cutting areas [10]. Our results
regarding Lm presence on inert surfaces from slaughterhouses
(20.8%) as reported other studies, 17% prevalence reported

from meat producing plants in Finland [29], or the ~ 3% Lm
prevalence in deli meat samples in China [30]. The prevalence
present in the non-FIT slaughterhouse can be attributed to the
lack of adequate cleaning and disinfecting procedures. This
allows pathogens to establish on surfaces and equipment,
thereby contaminating food processing lines [3].
Importantly, the contamination detected in the FIT slaughter-
house can be eliminated simply by following preventive mea-
sures such as more stringent manufacturing and hygiene prac-
tices. Indeed, the Lm prevalence can be reduced or eliminated
by applying techniques like HACCP (Hazard Analysis and
Critical Control Points) that help to identify contaminant
sources and how they are disseminated [3]. The presence of
Lm in pork loin samples and on inert surfaces suggests that
these isolates are well-adapted to various elements of the meat
processing industry including chilling, post-slaughter process-
ing, and the cutting room [26]. Lm prevalence is common in
food processing plants, and its ability to adhere to inert sur-
faces makes this bacteria persistent in these environments,
possibly due to biofilm formation [3]. Our findings from
quantifying the presence of Lm suggest that sanitizing
methods and cleaning chemicals are insufficient to eradicate
this pathogen in slaughterhouses, necessitating the implemen-
tation of a more thorough sanitization procedure. In Mexico,
the lack of epidemiological surveillance systems leads to the
need for accurate data on the incidence of listeriosis and its
association with foodborne disease [14]. In 2009, 120,806
spontaneous abortions were reported, in 2011, 5,283,896
cases of ill-defined gastroenteritis, 44,467 cases of bacterial
food poisoning, and 957 cases of meningitis; paradoxically, in
none of these cases was the etiological diagnosis established
[14]. Given this, there is a need to inform and warn the appro-
priate entities, to define strategies for the mandatory search of
Lm through the whole food production chain and clinical sus-
pects, for the epidemiological importance and control of liste-
riosis [14].

Molecular identification and phylogenetic analysis of Lm iso-
lates The hlyA encoding for a listeriolysin O (LLO) was the
virulence factor selected to identify Lm isolates. The LLO
toxin is a secreted pore-forming protein necessary for the lysis
of the vacuole and spreading cell to cell in a host during Lm
life cycle. This was demonstrated with a mutation assay on the

Table 2 Frequency of Listeria
monocytogenes (Lm) serotypes Number of isolates (%)

Isolation source No. of Listeria
monocytogenes

1/2a 1/2b 4b

Pork loin 16 – 16 (100) –

Inert surface 5 4(80) 1(20) –

Total 21 4(19.04) 17 (80.95) –
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hlyA gene resulting in LLO negative mutants, this modifica-
tion shows that the LLO is required for the development of
listeriosis [31]. This result confirms the presence of the gene
that encodes the LLO, an essential toxin related to Lm patho-
genic mechanism, suggesting the possible virulent nature of
these isolates [32]. Indeed, the hlyA gene is central to the
identification of Lm, and it is the most frequently chosen target
(among other virulence genes) for PCR detection of this path-
ogen [32]. Conventional biochemical methods of identifica-
tion are time-consuming in comparison with molecular anal-
ysis, limiting the number of samples that can be effectively
tested. By contrast, the implementation of molecular tech-
niques for Lm detection allows an easy and fast identification
method for confirming the presence of this pathogen [33].

Food products contaminated with Lm have serious impli-
cations for human health, but also economic losses within the
industry [26]. Recently, the growing need to identify
foodborne pathogens has made it necessary to use PCR in
order to amplify virulence-associated Lm genes [34] and dif-
ferentiate isolates taken from raw and processed meat samples
[35], as well as other non-food samples such as environmental
or clinical samples that can be used to confirm the presence of
this pathogen [34]. Nevertheless, rapid methods to identify Lm
in food and other samples require ongoing development [36].

Although 16S rDNA is a highly conserved DNA region
among Listeria species, it was still possible to separate the spe-
cies included in the distance tree. The Lm cluster revealed that 17
out of the 21 isolates share an identity with Lm isolates previous-
ly reported as foodborne pathogens and involved in foodborne
outbreaks [37]. This finding suggests that the isolates analyzed
here could be potential human pathogens that cause listeriosis.
Previously, it was reported that isolates from the same Listeria
species share more identity among themselves than with other
species [33]. 16S rDNA gene sequencing is commonly used to
enable bacterial phylogenetic analyses for different genera and
species [38]. We successfully used this DNA region to differen-
tiate Lm isolates, confirming previous studies in which Lm dif-
ferentiation was performed with food-related isolates and from a
variety of environmental and clinical samples [31].

The serotypes 1/2a and 1/2b were detected in Mexico
which has previously reported the serotypes 1/2a, 1/2b, 1/2c,
3b, and 4b for chicken and raw beef [39]. These serotypes
have also been isolated from cheese samples in Mexico.

Antibiotic susceptibility Pcn resistance has previously been
reported in Lm isolates obtained from clinical, foods, and en-
vironmental samples [40] as well the Oxa resistance in isolates
obtained from pork meat in slaughter environments [41].
However, in contrast with the study realized by de
Vasconcelos Byrne [23], their Lm isolates obtained from veg-
etable samples showed susceptibility to Pcn and Oxa. This
resistance could be due to the extensive use of the drugs and
their perseverance and thoughtful problematic situation; the
development of microbial resistance is a major challenge that
the clinicians face presently [42]. Similar to this work obtained
for Lm isolates reported in Lebanon, the authors found that Lm
isolates were able to grow in the presence of Oxa and Pcn,
showing a resistance [43].

The first choice for treating a disease caused by Lm
(listeriosis) in Mexico is penicillin in combination with gen-
tamicin [14, 44]; here, we report a resistance of all isolates for
ß-lactam antibiotics. The Smx/Tpm is the second choice for
the clinical listeriosis therapy and other infectious diseases in
human and animal treatments, this could indicate an increase
of antibiotic resistance of wildtype Lm as the isolates reported
here. The susceptibility to Smx/Tpm was observed previously
in Lm strains isolated from cheese in Lebanon as well as the
resistance for single isolate [43], and this pattern was observed
in isolates from food and food processing environments in
Italy, showing one resistance isolate to Smx/Tpm [45].

It is possible that the development of antibiotic resistance in
Lm isolates could be due to the extensive use of these antibi-
otics in human bacterial infections, the resistance observed
here could be a problem for listeriosis related with some of
these isolates due to the fact that β-lactams antibiotics and
Smx/Tpm are the choices for treating this infection [14].

In this work, all isolates were susceptible to Clar as ob-
served in Listeria isolates from retail raw food samples [46],
whereas most isolates were susceptible to Tet. None of the
isolates reported were resistant to Clar or Tet, these antibiotics
could be a treatment for possible listeriosis cases in this re-
gion. The drugs tested in this work are commonly used to treat
listeriosis [47, 48], and we observed varying degrees of sus-
ceptibility to these antibiotics.

Conclusions

To the best of our knowledge, the scientific literature regard-
ing Lm contamination of pork meat and its production pro-
cesses in Mexico is currently limited. In this report, we have
determined that both non-FITand FITslaughterhouses require

Table 3 Antibiotic susceptibility of Listeria monocytogenes isolates
obtained from raw pork meat and inert surfaces from slaughterhouses

Antibiotic Breakpoints (mm) Isolates (number)

S I R S I R

Tetracycline ≥ 19 15–18 ≤ 14 20 1 0

Clarithromycin ≥ 18 14–17 ≤ 13 21 0 0

Smx/Tpm ≥ 16 11–15 ≤ 10 12 8 1

Oxacillin ≥ 18 ND ≤ 17 0 0 21

Penicillin G ≥ 29 ND ≤ 28 0 0 21

ND means not defined
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improved hygiene procedures as well as the ability to localize
contamination sources. Indeed, the unequivocal identification
of Lm strains suggests that current hygiene procedures are not
completely efficient. Each of the 21 isolates was considered
Lm after biochemical testing and was further molecularly
identified and confirmed by PCR as Lm. This was confirmed
by the phylogenetic analyses, where these isolates show iden-
tity with other Lm reporter as pathogenic.

We recommend the use of strategies such as PCR for the
continuous monitoring of foodborne pathogens of the pork-
producing industry and its slaughterhouses. Since the conven-
tional biochemical methods of identification are time-
consuming in comparison with molecular analysis, the appli-
cation of these kinds of techniques will help to identify this
foodborne more accurately.

The coupling of traditional biochemical methods with more
current methods such as PCR offers new tools that are neces-
sary for the rapid and efficient identification of food patho-
gens. This study thus demonstrates the importance of modern
control methods and effective sanitizing procedures to the
food industry, as a means to avoid pork contamination by
Lm and its associated high risks to human health.
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