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Abstract: Listeria monocytogenes, along with various other pathogenic bacteria, may show resistance
against a broad spectrum of antibiotics. Evaluating the extent of resistance in harmful microorganisms
like Listeria monocytogenes holds significant importance in crafting novel therapeutic strategies to
mitigate or combat the rise of infections stemming from antibiotic-resistant bacteria. The present work
aims to investigate the occurrence of antimicrobial resistance among Listeria monocytogenes strains
in meat products (n = 173), seafood (n = 54), dairy products (n = 19), sauces (n = 2), confectionary
products (n = 1), ready-to-eat rice dishes (n = 1), and food-processing environments (n = 19). A
total of 269 Listeria monocytogenes strains belonging to eight different serovars were tested against
10 antimicrobials. In the classes of antibiotics, most of the strains were resistant antibiotics belonging
to the family of B-lactams (92.94%). High proportions of L. monocytogenes isolates were resistant to
oxacillin (88.48%), followed by fosfomycin (85.87%) and flumenique (78.44%). The lowest level of
resistance was observed against gentamycin (1.49%). A total of 235 strains (n = 87.36%) showed a
profile of multidrug resistance. In conclusion, a high occurrence of resistant and multidrug-resistant
strains of Listeria monocytogenes was observed among the examined serotypes isolated from different
food sources. This understanding enables the adoption of suitable measures to avert contamination
and the spread of resistant bacteria via food.
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1. Introduction

Listeria (L.) species (spp.) are short Gram-positive rods that are non-sporulating,
facultative anaerobes, catalase positive, and oxidase negative, and can grow under a wide
range of conditions. The optimum growth temperature for Listeria spp. is 37 °C, but these
bacteria can grow in a range between 4 °C and 45 °C and can survive in matrices with a
pH between 4.7 and 9.6 [1]. Listeria spp. are ubiquitous bacteria commonly found in soil,
water, sewage, decaying vegetation, and in animals such as birds and ruminants [2].

The number of identified species belonging to the genus Listeria has recently increased,
and 17 in total have been identified. Among Listeria species, L. monocytogenes is considered
the major causative agent responsible for diseases in humans [3].

Strains of L. monocytogenes can be classified into 13 serotypes (1/2a, 1/2b, 1/2¢, 3a,
3b, 3¢, 4a, 4ab, 4b, 4c, 4d, 4e, 7) according to their somatic and flagellar antigens [4]. The
serotypes can also be regrouped into four lineages (I-1V) that differ genetically. Lineages
associated with human infection are I and II [5]. The serotypes most isolated are 1/2b and
4b (lineage I) and 1/2a (lineage II). However, serotype 4b can also be included in lineage III
or IV [6].
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The primary route of transmission for listeriosis is through contaminated food, which
is estimated to account for approximately 99% of cases [7]. The disease in humans ranges
from mild to severe and can have a fatal outcome. People at risk from more serious
illnesses are children, pregnant women, elderly people, and immunocompromised people,
in which even a low level of Listeria in foods may cause serious illnesses such as septicemia,
consequent meningitis, and, in cases of pregnant women, fetal infections and possible
abortion [3]. Epidemiological source tracing is also very difficult because the signs of
listeriosis appear after a long incubation time [8]. This incubation time differs depending
on the clinical form: the longest period is registered in pregnancy cases (median 27.5 days),
followed by the central nervous system infection (median 9 days), sepsis (median 2 days),
and febrile gastrointestinal disease (median 24 h) [9].

The Food and Drug Administration (FDA) points out a stable incidence of listeriosis
between the years 2004 and 2013 in the USA, while the European Food Safety Authority
(EFSA) makes evidence that in the European Union, the incidence of listeriosis increased
during the period between the years 2010 and 2014, probably due to the increase in the
number of susceptible people, such as the elderly or immunocompromised people [10].
L. monocytogenes is a ubiquitous bacterium, a characteristic that benefits it in its diffusion,
particularly in those foods that do not need cooking before consumption, known as ready-
to-eat (RTE), which in recent years have had an increase in diffusion due to lifestyle changes.
In 2022, 2738 cases of invasive listeriosis in humans were reported, of which 1330 were
hospitalized and 286 died in Europe [11]. In 2022, the highest occurrence of Listeria was
found in ‘fish and fishery products” and “products of meat origin” [11].

The treatment of listeriosis is difficult because Listeria spp. is an intracellular pathogen;
some antibiotics are active in vitro but not in vivo, where they have only a bacteriostatic
effect [12]. An ideal active antibiotic against Listeria spp. should have receptors that can
bind the penicillin-binding protein (PBP-3). Therefore, antimicrobial agents belonging to
the beta-lactams class are recommended [12].

L. monocytogenes, as well as other pathogenic bacteria, can exhibit resistance to a wide
range of antibiotics [13]. Antibiotic-resistance (ABR) is a global health concern declared a
major global health threat of the 21st century by leading regulatory authorities such as the
International Monetary Fund (IMF), the World Bank, and the World Health Organization
(WHO) [14]. It is estimated that 70,000 people die annually from infections caused by
antibiotic-resistant microorganisms (ARM), and this trend is set to increase over the years.

Listeria monocytogenes represents a constant challenge for the food industry, health
regulatory officials, and consumers since it remains one of the most virulent foodborne
pathogens for vulnerable people [15]. Antibiotic resistance plays an important role in the
increased incidence of different bacterial infections [16], and therefore, a high occurrence
of L. monocytogenes-resistant strains in food could pose a serious risk to public health.
The presence of resistance strains in foods has been recently investigated in Romania,
China, and Egypt [7,15,17]; however, recent data on this phoneme’s extent in Europe are
limited. The assessment of the degree of resistance across different geographical regions
in pathogenic microorganisms such as Listeria monocytogenes is of primary importance for
safeguarding public health and for the development of new plans to prevent or counter the
emergence of infections caused by antibiotic-resistant bacteria [16].

Therefore, the aim of this work was to evaluate the occurrence of Listeria monocytogenes-
resistant strains isolated in food in order to evaluate the status of the resistance against
antimicrobics and possible countermeasures.

2. Results

The 269 strains analyzed of Listeria monocytogenes showed 88 different patterns; only
1 strain was sensitive against all the antibiotics (0.37%), whilst 235 strains were resistant
against three or more classes of antibiotics (n = 87.36%) and therefore were classified
as MDR.
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In the classes of antibiotics, most of the strains were resistant to 3-lactams (n = 250,
92.94%), fosfomycin (n = 233, 86.62%), and quinolones (n = 211, 78.44%) (Figure 1).

Aminoglycosides 4
Tetracyclines 25
Macrolides I 81
Sulphonamides (associated with benzylpirimidine) 101
Lincosamides 105

Quinolones 211

Classes of antimicrobials

Fosfomycin 233
Beta-lactams 250

0 50 100 150 200 250 300

Number of resistant strains

Figure 1. Number of Listeria monocytogenes strains resistant to eight classes of antimicrobials.

The highest level of resistance was observed against oxacillin (n = 238, 88.48%), fol-
lowed by fosfomycin (n = 231, 85.87%), and flumenique (n = 211, 78.44%). Whilst the lowest
level of resistance was observed against gentamycin (n = 4, 1.49%) (Table 1).

Table 1. Number and percentage of isolates resistant to 10 antimicrobials in Listeria monocytogenes

serovars.
1/2a (93 1/2b (48 1/2¢ (88 1/a (2 3a(3 3b @1 4b/4e (26 4d/4e (1 de (2 Unidentified Total
Strains) Strains) Strains) Strains) Strains) Strain) Strains) Strain) Strains) (5 Strains)
Ampicillin 33.33% 54.17% 47.73% 0.00% 66.67% 0.00% 57.69% 0.00% 100.00% 60.00% 44.98%
P (n: 31) (n: 26) (n: 42) (n: 2) (n: 15) (n: 2) (n: 3) (n=121)
. . 25.81% 45.83% 48.86% 0.00% 33.33% 0.00% 38.46% 0.00% 50.00% 80.00% 39.03%
Lincomycin
(n: 24) (n: 22) (n: 43) (n: 1) (n: 10) (n: 1) (n: 4) (n =105)
Oxacilli 84.95% 93.75% 86.36% 100.00% 66.67% 100.00% 100.00% 100.00% 100.00% 80.00% 88.48%
xacillin
(n: 79) (n: 45) (n: 76) (n: 2) (n: 2) (n: 1) (n: 26) (n: 1) (n: 2) (n: 4) (n =238)
. 80.65% 75.00% 79.55% 50.00% 66.67% 100.00% 80.77% 0.00% 100.00% 60.00% 78.44%
Flumenique
(n: 75) (n: 36) (n: 70) (n: 1) (n: 2) n: 1) (n: 21) (n: 2) (n: 3) (n=211)
. 78.49% 95.83% 88.64% 100.00% 100.00% 0.00% 80.77% 100.00% 100.00% 100.00% 85.87%
Fosfomycin
(n: 73) (n: 46) (n: 78) (n: 2) (n: 3) (n: 21) (n: 1) (n: 2) (n: 5) (n =231)
. 3.23% 0.00% 1.14% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1.49%
Gentamycin
(n: 3) (n: 1) n=4)
11.83% 10.42% 15.91% 0.00% 0.00% 0.00% 11.54% 0.00% 50.00% 20.00% 13.01%
Meropenem
(n: 11) (n: 5) (n: 14) (n: 3) (n: 1) (n: 1) (n=35)
. . 34.41% 14.58% 37.50% 0.00% 0.00% 0.00% 11.54% 100.00% 100.00% 60.00% 30.11%
Erithromycin
(n: 32) (n: 7) (n: 33) (n: 3) (n: 1) (n: 2) (n: 3) (n=281)
Sulfametoxazole— 45.16% 22.92% 36.36% 0.00% 33.33% 0.00% 38.46% 0.00% 100.00% 60.00% 37.54%
thrymethoprim (n: 42) (n: 11) (n: 32) (n: 1) (n: 10) (n:2) (n: 3) (n=101)
. 8.60% 8.33% 11.36% 0.00% 0.00% 0.00% 3.85% 0.00% 50.00% 20.00% 9.29%
Tetracycline
(n: 8) (n: 4) (n: 10) (n: 1) (n: 1) n: 1) (n=25)

In serovars excluding those with a limited number of collected strains (1/a, 3a, 3b,
4d/4e, 4e), resistance to oxacillin, fosfomycin, and flumenique was extremely high in
serovar 1/2a (oxacillin = 79, 84.95% fosfomycin = 73, 78.49% and flumenique = 75, 80.65%),
1/2b (oxacillin = 45, 93.75% fosfomycin = 46, 95.83% and flumenique = 36, 75.00%), 1/2c
(oxacillin = 76, 86.36%, fosfomycin = 78, 88.64% and flumenique = 70, 79.55%), and 4b/4e
(oxacillin = 26, 100.00% fosfomycin = 21, 80.77% and flumenique = 21, 80.77%). A total of
26 (54.17%) strains belonging to serovar 1/2b and 15 (57.69%) belonging to 4b/4e were
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resistant to ampicillin (Table 1). Moreover, almost half of the strains belonging to serovars
1/2b (n =22, 45.83%) and 1/2c (n = 43, 48.86%) were resistant against lincomycin.

Strains belonging to serovars 1/2a and 4b/4e were highly resistant to trimetoprim-—
sulfametoxassole (1/2a= 42, 45.16% and 4b/4e = 10, 38.46%). Seventy-eight strains be-
longing to 1/2a (83.87%), eighty strains belonging to serovar 1/2c (90.9%), and forty-three
strains belonging to serovar 1/2b (89.58%) were MDR (Figure 2). No correlation has been
found between resistance and serotypes (p > 0.05).

92
90.91%

90 89.58%
88.46%

88

86

83.87%

84

82 I

80

1/2a - 78 strains 1/2b -43 strains  1/2c - 80 strains  4b/4e - 23 strains

%

Figure 2. Percentage (%) of L. monocytogens serovars resistant to antibiotics belonging to at least three
different classes (MDR).

In food categories, most of the strains resistant to ampicillin were isolated from dairy
products (n = 12, 63.16%) and the environment (n = 12, 63.16%). A total of 94.74% (n = 18)
of the strains isolated from dairy products and 85.55% (n = 148) of the strains isolated from
meat products were resistant to oxacillin. In meat products, 79.19% (n = 137) of the strains
were also resistant to flumequine, 43.93% (n = 76) to ampicillin, and 39.31% (n = 68 strains)
to sulfamethoxazole-trimethoprim. In seafood, 90.74% (n = 49) of the strains were resistant
against oxacillin, 75.92% (n = 41) to flumequine, and 27.78% (n = 15 strains) to erythromycin.
All strains isolated from food-processing environments were resistant to oxacillin, 78.95%
(n = 15) to flumenique, and 47.97% (n = 9) to sulfamethoxazole-trimethoprim.

Regarding lincomycin, most of the resistant strains were isolated from meat products
(n =73, 42.19%) and dairy (n = 8, 42.11%) (Table 2).

Table 2. Percentage of resistance in Listeria monocytogenes in food products.

poduts  MeaProduds  Sfoed | CRodict™  Pmimment e RGHGS o
(19 Strains) (1 Strain) (1 Strain)
Ampicillin 63.16 (n: 12) 43.93 (n: 76) 35.19 (n: 19) 100 (n: 1) 63.16 (n: 12) 50 (n: 1) 0.00 4498 (n=121)
Lincomycin 42.11 (n: 8) 42.19 (n: 73) 29.63 (n: 16) 100 (n: 1) 31.58 (n: 6) 50 (n: 1) 0.00 39.03 (n = 105)
Oxacillin 94.74 (n: 18) 85.55 (n: 148) 90.74 (n: 49) 100 (n: 1) 100 (n: 19) 100 (n: 2) 100 (n: 1) 88.47 (n = 238)
Flumenique 73.68 (n: 14) 79.19 (n: 137) 75.92 (n: 41) 100 (n: 1) 78.95 (n: 15) 100 (n: 2) 100 (n 1) 79.18 (n = 213)
Fosfomycin 84.21 (n: 16) 83.81 (n: 145) 87.04 (n: 47) 100 (n: 1) 100 (n: 19) 100 (n: 2) 100 (n: 1) 85.87 (n = 231)
Gentamicin 0.00 1.73 (n: 3) 1.85 (n: 1) 0.00 0.00 0.00 0.00 148 (n=4)
Meropenem 15.79 (n: 3) 15.61 (n: 27) 5.56 (n: 3) 0.00 10.53 (n: 2) 0.00 0.00 13.01 (n = 35)
Erithomycin 21.05 (n: 4) 33.53 (n: 58) 27.78 (n: 15) 0.00 21.05 (n: 4) 0.00 0.00 30.11 (n =81)
Sfﬁf;ﬁgﬁ’;zrﬁ‘ 21.05 (n: 4) 39.31 (n: 68) 33.33 (n: 18) 100 (n: 1) 47.37 (n: 9) 50 (n: 1) 0.00 37.54 (n = 101)
Tetracycline 10.52 (n: 2) 10.98 (n: 19) 5.56 (n: 3) 0.00 5.26 (n: 1) 0.00 0.00 9.29 (n = 25)
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Sources

Seafood

A total of 151 strains isolated from meat products (87.28%), 46 from seafood (85.19%),
17 from dairy products (89.47%), and 17 from food-processing environments (89.47%) were
MDR (Figure 3).

I 55.19% n=d6strains

Meat [N 57.28% n=151strains

Enviromental | 50.47% n =17 strains

Dairy I 80.47% n =17 strains

75.00 80.00 85.00 90.00 95.00 100.00

Percentage
&

Figure 3. Number and percentage of L. monocytogenes multidrug-resistant strains isolated from dairy
products, seafood, meat products, and food-processing environments.

3. Discussion

In the present study, 268 L. monocytogenes strains (99.63%) were resistant to at least one
antibiotic. Excluding fosfomycin and flumequine, to which most isolates were inherently
resistant, the overall prevalence of strains resistant to at least one antibiotic was 98.14%
(N =264). Antimicrobial resistance arises from the overuse and misuse of antimicrobials in
humans and animals, as well as from insufficient infection-prevention measures [18].

As reported by Mpundu et al. [19], the worldwide combined prevalence of antibiotic-
resistant L. monocytogenes stands at 38.1%. However, the prevalence of resistance strains
differs between the world regions, ranging from 9% in Taiwan to 94.1% in South Korea [19].

In the present study, 235 strains (87.36%) showed a profile of MDR. MDR in Listeria
was first reported in 1998 in France [1], and since then, MDR strains have been extensively
isolated [20]. A high level of MDR was also observed in 2006 in North-Western Spain by
Alonso-Hernando et al. (84.0%) [21] and in South Africa by Kayode et al. (82.46%) [22]. A
lower prevalence (41.86%) was, however, observed in another South African study [23].
The results of the present work are of particular concern but not surprising because, within
Europe, the AMR situation in Italy has repeatedly been described as the worst [18].

In the classes of antibiotics, most of the strains were resistant antibiotics belonging to
the family of 3-lactams (92.94%). The results are specifically alarming because (3-lactams
represent the treatment of choice for human listeriosis [24].

Within p-lactams, the highest level of resistance was observed against oxacillin
(88.48%). Oxacillin, along with amoxicillin, are widely recognized as potent (3-lactam
antibiotics capable of hindering the synthesis of bacterial cell wall peptidoglycan [19].
Approximately 93% and 97% of L. monocytogens strains were resistant to oxacillin in the
study by Harakeh et al. in Lebanon [25] and Lee et al. in Korea [26], respectively. However,
a lower prevalence of resistant strains was observed in Brazil by Moreno et al. [27]. The
high occurrence of oxacillin-resistant strains has implications for the clinical management
and treatment strategies of listeriosis cases [15]. Of public concern are also results related
to ampicillin, since approximately half of the strains were resistant to this molecule. Re-
sistance may arise from the fact that ampicillin is one of the antibiotics used with the
highest frequency because of guidelines or expert opinions [12]. Indeed, ampicillin is the
first-choice treatment for listeriosis. Therefore, the high resistance observed could pose a
significant risk for people, especially vulnerable groups [10]. The results are in contrast
with those reported by Zhang et al. (0.4%) [28] in China and by Manyi-Loh et al. (0.0%) [23]
in South Africa. However, in the study by Lee et al. [26], almost all the strains (97.0%) were
resistant to this antibiotic.
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A high level of resistance was also observed against fosfomycin and flumequine. This
is not surprising because most strains of L. monocytogenes exhibit native resistance to these
molecules [24,29].

Fortunately, in the present work, most of the L. monocytogenes strains were sensitive
against gentamicin, which is currently used in combination with ampicillin or oxacillin for
the treatment of human listeriosis [19].

Gentamicin, moreover, along with tetracycline, erythromycin, and trimethoprim—
sulfamethoxazole, is regarded as the front-line treatment for listeriosis in animals [1]. The
level of resistance observed against these antibiotics ranged from moderate (trimethoprim—
sulfamethoxazole = 37.54%) to extremely low (gentamicin = 1.49%). The prevalence of
resistant strains observed in the present work differs from those reported in Europe in
the study by Zhang et al. [28]. The pooled prevalence reported by Zhang et al. [28] in
Europe was slightly higher for tetracycline (13.0%) but lower for erythromycin (0.1%) and
trimethoprim—sulfamethoxazole (8.5%). In general, the results of the present work differ
from those obtained in another Italian study by Caruso et al. [30], who reported a high
susceptibility of isolates to ampicillin (100%), tetracyclines (99%), erythromycin (100%),
and trimethoprim-sulfamethoxazole (100%). Moreover, in the study by Caruso et al. [30],
few isolates showed resistance to tetracycline (1.3%).

Moreover, no correlation has been found between resistance and serotypes (p > 0.05),
as reported by Caruso et al. [30]. The serotypes 1/2b and 4b/4e, in addition to oxacillin,
fosfomycin, and flumequine, were also highly resistant to ampicillin. Serovars 4ba and
1/2 b, along with 3b, are the major epidemic clones associated with large outbreaks
as well as with sporadic human cases [31]. Instead, serovar 1/2a, frequently isolated
from non-human sources [29], resulted in being highly resistant also to trimethoprim—
sulfamethoxazole, probably due to the wide use of it in animal medicine [1]. Moreover,
trimetoprim—sulfametoxassole is also used as second-line therapy in humans who exhibit
an allergic reaction to 3-lactam antibiotics [24].

No correlation in resistance/multidrug resistance (MDR) was observed between
strains isolated from different sources (p > 0.05). Strains isolated from meat products
in the present work showed a lower resistance to ampicillin compared to those observed in
the study by Yucel et al. (66.0%) [32]. Regarding tetracycline, similar results were obtained
in the study by Al-Nabulsi et al. [33].

Strains isolated from dairy products in the present work displayed a higher resistance
to ampicillin than those reported by Rahimi, Ameri, and Momtaz (26.3%) [34], but a higher
prevalence of strains resistant to tetracycline was observed in the study by Keven and Gulel
(34.6%) [35].

Concerning seafood, the results of the present work differ from those reported by
Jeyasanta and Patterson [36] for gentamycin (73.0% vs. 1.85%) and from Wieczorek and
Osek [37] for oxacillin (57.9% vs. 90.74%).

4. Materials and Methods
4.1. Strains

In the present study, a total of 269 strains of Listeria monocytogenes were analyzed.
Strains were isolated from meat products (n = 173), seafood (n = 54), dairy products
(n =19), sauces (n = 2), confectionary products (n = 1), ready-to-eat rice dishes (n = 1), and
food-processing environments (n = 19) (Table 3). Foods were collected in the context of
official controls provided by Regulation (EC) No 2073 /2005 on microbiological food safety
criteria and during self-monitoring controls by public or private enterprises in the Lazio
region of central Italy.

Samples were transported to the laboratory within one hour and analyzed according
to ISO 11290-1. In brief, 25 g portions of each sample were homogenized in 225 mL
(1:10 (W/W)) of sterilized half-Fraser broth and incubated at 30 °C for 24 h. Subsequently,
the incubated half-Fraser broth was (i) streaked into Oxford and Ottaviani—Agosti listeria
agar incubated for 24 h at 37 °C and (ii) inoculated (0.1 mL) in 10 mL of sterilized Fraser
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broth incubated for 48 h at 37 °C. The enriched Fraser broth was then plated in Oxford
and Ottaviani-Agosti listeria agar and incubated for 24 h at 37 °C. Presumptive colonies of
listeria were biochemically identified through the API listeria® bioMerieux system, and
after serotyping, they were assigned to nine serovars: 1/2a,1/2b, 1/2c, 1/a, 3a, 3b, 4b/4e,
4d/4e, and 4e (Table 3). No information regarding serovars was recorded for five isolates.

Table 3. Serovars isolated for meat products (n = 173), environment (n = 54), dairy products (n = 19),
seafood (n = 54), sauces (n = 2), rice dishes (n = 1), and confectionary products (n = 1).

Meat Rice Confectionary

Species Serovar Products  Seafood Pl?)zitﬁ,ts Environment Sauces Dishes Products Total
1/2a 47 27 7 9 2 1 0 93
1/2b 19 21 6 2 0 0 0 48
1/2¢ 85 0 1 2 0 0 0 88
1/a 1 1 0 0 0 0 0 2
Listeria 3a 0 3 0 0 0 0 0 3
monocytogenes 3b 0 0 1 0 0 0 0 1
4b/4e 17 1 3 4 0 0 1 26
4d/4e 1 0 0 0 0 0 0 1
4e 1 1 0 0 0 0 0 2
Unidentified 2 0 1 2 0 0 0 5
4.2. Antibiotic Susceptibility Testing
The antimicrobial susceptibility of the isolates was determined by the disk-diffusion
method, following the EUCAST recommendations. A quality-control strain (Escherichia
coli ATCC 25922) was included in the test. The following antibiotics (Oxoid, Basingstoke,
UK; Becton Dickinson, Mississauga, ON, Canada) were used: ampicillin (2 pug), tetraciclin
(30 png), gentamicin (120 pg), sulfametoxassole-trimetoprim(1.25-23.75 ug), erytromycin
(15 pg), meropenem (10 ug), fosfomycin (50 pg), flumequine (30 pg), lincomycin (2 pg),
oxacillin (1 ug). In brief, strains were cultured twice in nutrient agar and incubated at
37 °C for 24 h. Colonies were then transferred to a brain heart infusion (BHI). The bacterial
suspension in the BHI was diluted to obtain turbidity equivalent to 0.5 McFarland Standard.
The contamination level was also determined by counting on Plate Count Agar (PCA;
CMO0325, Oxoid) after the incubation at 37 °C for 24 h. A cotton swab was used to transfer
the bacterial suspension prepared in the BHI to Mueller-Hinton agar plates. Subsequently,
the 10 disks containing antibiotics were added to the plates and incubated at 37 °C for 24 h.
After the incubation, the diameter of the zones of inhibition was measured and compared
with the breakpoint reported in Table 4.
Table 4. Breakpoints of the antibiotics used for the evaluation of the antibiotic susceptibility of the
269 L. monocytogenes strains.
Diameter of the Halo of Inhibition (mm)
Molecule References
Sensible Intermediate Resistant
Ampicillin >16 <16 [38]
Meropenem >26 <26 [38]
Erytromycin >25 <25 [38]
Trimetoprim—
Sulfamet(f)xazole 229 <29 [38]
Tetracycline >19 15-18 <14 [39]
.. The breakpoints of Staphylococcus aureus (from EUCAST
Gentamicin >18 <18 ZOZPB [38]) resistr.:myce were Conside(red [40]
Oxacillin >18 <17 [41]
Fosfomycin >24 <24 The breakpm.nts of E. coli (from EUCAST 2023 [38])
resistance were considered [39]
Lincomycin <9 [42]
Flumequine >20 13-19 <125 The breakpoints of Enterobacteriales (from CLSI 2014 [43])
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In the evaluation of the results, the strains displaying intermediate resistance were
regarded as resistant, and the strains displaying resistance to antibiotics belonging to at
least three different classes were considered multidrug-resistant (MDR) [44,45].

4.3. Statistical Analysis

The differences in drug and multidrug resistance among the different serotypes and
the different sources were assessed by a chi-squared test (x?). A value of p < 0.05 was
accepted as significant.

5. Conclusions

In conclusion, a high prevalence of resistant and MDR Listeria monocytogenes strains
among the screened serotypes isolated from foods was found. The strains were highly resistant
to B-lactams, the first-line drugs to treat listeriosis. The resistance against sulfamethoxazole—
trimethoprim, tetracyclines, and gentamycin, largely used in cases of listeriosis, instead
ranged from moderate to low. This high prevalence of L. monocytogenes-resistant strains in
food could pose a significant risk to public health. Strict hygiene practices and antibiotic
stewardship are essential to prevent the rise of antibiotic-resistant Listeria spp. foodborne
infections. Updated studies provide insights into the effectiveness of various antibiotics
against foodborne pathogens. This information is essential for healthcare professionals
to prescribe appropriate treatments for infections caused by these bacteria, considering
the evolving patterns of antibiotic resistance. Moreover, understanding the prevalence
of antibiotic resistance in foodborne bacteria helps ensure the safety of the food supply
chain. This knowledge allows for the implementation of appropriate measures to prevent
contamination and the transmission of resistant bacteria through food. However, further
research on the molecular profiles of Listeria monocytogenes strains is needed to define
the association among different sources about the occurrence of resistant bacteria and
resistant genes.

Author Contributions: Conceptualization, N.M. and S.B.; methodology, M.G.M.; validation, P.L.,
T.B. and M.G.M,; formal analysis, M.F.P,; investigation, M.F.P.; resources, M.F.P;; data curation, A.R.;
writing—original draft preparation, A.R.; writing—review and editing, M.E.P,; visualization, M.E.P,;
supervision, S.B.; project administration, N.M.; funding acquisition, N.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Dataset is available on request from the authors.

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

References

1.  Luque-Sastre, L.; Arroyo, C.; Fox, EIM.; McMahon, B.J.; Bai, L.; Li, F,; Fanning, S. Antimicrobial Resistance in Listeria Species.
Microbiol. Spectr. 2018, 6, 10-1128. [CrossRef] [PubMed]

2. Parsons, C.; Niedermeyer, J.; Gould, N.; Brown, P.; Strules, J.; Parsons, A.W.; Bernardo Mesa-Cruz, J.; Kelly, M.].; Hooker, M.].;
Chamberlain, M.].; et al. Listeria monocytogenes at the Human-Wildlife Interface: Black Bears (Ursus americanus) as Potential
Vehicles for Listeria. Microb. Biotechnol. 2020, 13, 706-721. [CrossRef] [PubMed]

3. Radoshevich, L.; Cossart, P. Listeria Monocytogenes: Towards a Complete Picture of Its Physiology and Pathogenesis. Nat. Rev.
Microbiol. 2018, 16, 32-46. [CrossRef] [PubMed]

4. Dhama, K.; Karthik, K.; Tiwari, R.; Shabbir, M.Z.; Barbuddhe, S.; Malik, S.V.S.; Singh, R.K. Listeriosis in Animals, Its Public Health
Significance (Food-Borne Zoonosis) and Advances in Diagnosis and Control: A Comprehensive Review. Vet. Q. 2015, 35, 211-235.
[CrossRef] [PubMed]

5. Pirone-Davies, C.; Chen, Y,; Pightling, A.; Ryan, G.; Wang, Y.; Yao, K.; Hoffmann, M.; Allard, M.W. Genes Significantly Associated
with Lineage II Food Isolates of Listeria monocytogenes. BMC Genom. 2018, 19, 708. [CrossRef]

6. Lee, S.; Chen, Y.; Gorski, L.; Ward, T.J.; Osborne, J.; Kathariou, S. Listeria monocytogenes Source Distribution Analysis Indicates

Regional Heterogeneity and Ecological Niche Preference among Serotype 4b Clones. mBio 2018, 9, 10-1128. [CrossRef] [PubMed]


https://doi.org/10.1128/microbiolspec.arba-0031-2017
https://www.ncbi.nlm.nih.gov/pubmed/30027884
https://doi.org/10.1111/1751-7915.13509
https://www.ncbi.nlm.nih.gov/pubmed/31713354
https://doi.org/10.1038/nrmicro.2017.126
https://www.ncbi.nlm.nih.gov/pubmed/29176582
https://doi.org/10.1080/01652176.2015.1063023
https://www.ncbi.nlm.nih.gov/pubmed/26073265
https://doi.org/10.1186/s12864-018-5074-2
https://doi.org/10.1128/mBio.00396-18
https://www.ncbi.nlm.nih.gov/pubmed/29666282

Antibiotics 2024, 13, 525 90f 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Elsayed, M.E.; Abd El-Hamid, M.L; El-Gedawy, A.; Bendary, M.M.; ELTarabili, R.M.; Alhomrani, M.; Alamri, A.S.; Alghamdi,
S.A.; Arnout, M.; Binjawhar, D.N.; et al. New Insights into Listeria monocytogenes Antimicrobial Resistance, Virulence Attributes
and Their Prospective Correlation. Antibiotics 2022, 11, 1447. [CrossRef] [PubMed]

Buchanan, R.L.; Gorris, L.G.M.; Hayman, M.M.; Jackson, T.C.; Whiting, R.C. A Review of Listeria monocytogenes: An Update on
Outbreaks, Virulence, Dose-Response, Ecology, and Risk Assessments. Food Control 2017, 75, 1-13. [CrossRef]

Goulet, V.; King, L.A.; Vaillant, V.; de Valk, H. What Is the Incubation Period for Listeriosis? BMC Infect. Dis. 2013, 13, 11.
[CrossRef]

Koopmans, M.M.; Brouwer, M.C.; Vazquez-Boland, J.A.; van de Beek, D. Human Listeriosis. Clin. Microbiol. Rev. 2023, 36,
€00060-19. [CrossRef]

EFSA and ECDC (European Food Safety Authority and European Centre for Disease Prevention and Control). The European
Union One Health 2022 Zoonoses Report. EFSA J. 2023, 21, e8442.

Pagliano, P; Arslan, F,; Ascione, T. Epidemiology and treatment of the commonest form of listeriosis: Meningitis and bacteraemia.
Infez. Med. 2017, 3, 210-216.

Baquero, E; Lanza, EV,; Duval, M.; Coque, T.M. Ecogenetics of Antibiotic Resistance in Listeria monocytogenes. Mol. Microbiol.
2020, 113, 570-579. [CrossRef] [PubMed]

Aslam, B.; Khurshid, M.; Arshad, M.I,; Muzammil, S.; Rasool, M.; Yasmeen, N.; Shah, T.; Chaudhry, T.H.; Rasool, M.H.; Shahid, A;
et al. Antibiotic Resistance: One Health One World Outlook. Front. Cell Infect. Microbiol. 2021, 11, 771510. [CrossRef] [PubMed]
Duma, M.N.; Ciupescu, L.M.; Dan, S.D.; Crisan-Reget, O.L.; Tabaran, A. Virulence and Antimicrobial Resistance of Listeria
monocytogenes Isolated from Ready-to-Eat Food Products in Romania. Microorganisms 2024, 12, 954. [CrossRef] [PubMed]
Peruzy, M.F.,; Capuano, F; Proroga, Y.T.R.; Cristiano, D.; Carullo, M.R.; Murru, N. Antimicrobial Susceptibility Testing for
Salmonella serovars Isolated from Food Samples: Five-Year Monitoring (2015-2019). Antibiotics 2020, 9, 365. [CrossRef] [PubMed]
Wu, L,; Bao, H;; Yang, Z.; He, T.; Tian, Y.; Zhou, Y.; Pang, M.; Wang, R.; Zhang, H. Antimicrobial Susceptibility, Multilocus
Sequence Typing, and Virulence of Listeria Isolated from a Slaughterhouse in Jiangsu, China. BMC Microbiol. 2021, 21, 327.
[CrossRef] [PubMed]

Montalti, M.; Solda, G.; Capodici, A.; Di Valerio, Z.; Gribaudo, G.; La Fauci, G.; Salussolia, A.; Scognamiglio, F.; Zannoner, A.; Gori,
D. Antimicrobial Resistance (AMR) in Italy over the Past Five Years: A Systematic Review. Biologics 2022, 2, 151-164. [CrossRef]
Mpundu, P; Mbewe, A.R.; Muma, J.B.; Mwasinga, W.; Mukumbuta, N.; Munyeme, M. A Global Perspective of Antibiotic-
Resistant Listeria monocytogenes Prevalence in Assorted Ready to Eat Foods: A Systematic Review. Vet. World 2021, 14, 2219-2229.
[CrossRef]

Morobe, I.C; Nyila, M.A.; Gashe, B.A.; Matsheka, M.I. Prevalence, Antimicrobial Resistance Profiles of Listeria monocytognes from
Various Foods in Gaborone, Botswana. Afr. . Biotechnol. 2009, 8, 6383-6387. [CrossRef]

Alonso-Hernando, A.; Capita, R.; Prieto, M.; Alonso-Calleja, C. Comparison of Antibiotic Resistance Patterns in Listeria monocy-
togenes and Salmonella enterica Strains Pre-Exposed and Exposed to Poultry Decontaminants. Food Control 2009, 20, 1108-1111.
[CrossRef]

Kayode, A.J.; Semerjian, L.; Osaili, T.; Olapade, O.; Okoh, A.I. Occurrence of Multidrug-Resistant Listeria monocytogenes in
Environmental Waters: A Menace of Environmental and Public Health Concern. Front. Environ. Sci. 2021, 9, 737435. [CrossRef]
Manyi-Loh, C.E.; Okoh, A.L; Lues, R. Occurrence and Multidrug Resistance in Strains of Listeria monocytogenes Recovered from
the Anaerobic Co-Digestion Sludge Contained in a Single Stage Steel Biodigester: Implications for Antimicrobial Stewardship.
Microorganisms 2023, 11, 725. [CrossRef] [PubMed]

Olaimat, A.N.; Al-Holy, M. A ; Shahbaz, H.M.; Al-Nabulsi, A.A.; Abu Ghoush, M.H.; Osaili, T.M.; Ayyash, M.M.; Holley, R.A.
Emergence of Antibiotic Resistance in Listeria monocytogenes Isolated from Food Products: A Comprehensive Review. Compr. Rev.
Food Sci. Food Saf. 2018, 17, 1277-1292. [CrossRef] [PubMed]

Harakeh, S.; Saleh, I.; Zouhairi, O.; Baydoun, E.; Barbour, E.; Alwan, N. Antimicrobial Resistance of Listeria monocytogenes Isolated
from Dairy-Based Food Products. Sci. Total Environ. 2009, 407, 4022—4027. [CrossRef] [PubMed]

Lee, D.Y,; Ha, ]. H.; Lee, M.K.; Cho, Y.S. Antimicrobial Susceptibility and Serotyping of Listeria monocytogenes Isolated from
Ready-to-Eat Seafood and Food Processing Environments in Korea. Food Sci. Biotechnol. 2017, 26, 287-291. [CrossRef] [PubMed]
Moreno, L.Z.; Paixao, R.; Gobbi, D.D.S.; Raimundo, D.C.; Ferreira, T.P.; Moreno, A.M.; Hofer, E.; Reis, C.M.E,; Matté, G.R.; Matté,
M.H. Characterization of Antibiotic Resistance in Listeria Spp. Isolated from Slaughterhouse Environments, Pork and Human
Infections. J. Infect. Dev. Ctries. 2014, 8, 416-423. [CrossRef]

Zhang, H.; Luo, X; Aspridou, Z.; Misiou, O.; Dong, P.; Zhang, Y. The Prevalence and Antibiotic-Resistant of Listeria monocytogenes
in Livestock and Poultry Meat in China and the EU from 2001 to 2022: A Systematic Review and Meta-Analysis. Foods 2023, 12,
769. [CrossRef] [PubMed]

Rostamian, M.; Kooti, S.; Mohammadi, B.; Salimi, Y.; Akya, A. A Systematic Review and Meta-Analysis of Listeria monocytogenes
Isolated from Human and Non-Human Sources: The Antibiotic Susceptibility Aspect. Diagn. Microbiol. Infect. Dis. 2022, 102,
115634. [CrossRef]

Caruso, M.; Fraccalvieri, R.; Pasquali, F,; Santagada, G.; Latorre, L.M.; Difato, L.M.; Miccolupo, A.; Normanno, G.; Parisi, A.
Antimicrobial Susceptibility and Multilocus Sequence Typing of Listeria monocytogenes Isolated over 11 Years from Food, Humans,
and the Environment in Italy. Foodborne Pathog. Dis. 2020, 17, 284-294. [CrossRef]


https://doi.org/10.3390/antibiotics11101447
https://www.ncbi.nlm.nih.gov/pubmed/36290105
https://doi.org/10.1016/j.foodcont.2016.12.016
https://doi.org/10.1186/1471-2334-13-11
https://doi.org/10.1128/cmr.00060-19
https://doi.org/10.1111/mmi.14454
https://www.ncbi.nlm.nih.gov/pubmed/32185838
https://doi.org/10.3389/fcimb.2021.771510
https://www.ncbi.nlm.nih.gov/pubmed/34900756
https://doi.org/10.3390/microorganisms12050954
https://www.ncbi.nlm.nih.gov/pubmed/38792784
https://doi.org/10.3390/antibiotics9070365
https://www.ncbi.nlm.nih.gov/pubmed/32610532
https://doi.org/10.1186/s12866-021-02335-7
https://www.ncbi.nlm.nih.gov/pubmed/34823476
https://doi.org/10.3390/biologics2020012
https://doi.org/10.14202/vetworld.2021.2219-2229
https://doi.org/10.5897/AJB2009.000-9486
https://doi.org/10.1016/j.foodcont.2009.02.011
https://doi.org/10.3389/fenvs.2021.737435
https://doi.org/10.3390/microorganisms11030725
https://www.ncbi.nlm.nih.gov/pubmed/36985298
https://doi.org/10.1111/1541-4337.12387
https://www.ncbi.nlm.nih.gov/pubmed/33350166
https://doi.org/10.1016/j.scitotenv.2009.04.010
https://www.ncbi.nlm.nih.gov/pubmed/19427675
https://doi.org/10.1007/s10068-017-0038-x
https://www.ncbi.nlm.nih.gov/pubmed/30263540
https://doi.org/10.3855/jidc.4188
https://doi.org/10.3390/foods12040769
https://www.ncbi.nlm.nih.gov/pubmed/36832844
https://doi.org/10.1016/j.diagmicrobio.2022.115634
https://doi.org/10.1089/fpd.2019.2723

Antibiotics 2024, 13, 525 10 of 10

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Tamburro, M.; Sammarco, M.L.; Fanelli, I.; Ripabelli, G. Characterization of Listeria Monocytogenes Serovar 1/2a,1/2b, 1/2c and
4b by High Resolution Melting Analysis for Epidemiological Investigations. Int. ]. Food Microbiol. 2019, 310, 108289. [CrossRef]
[PubMed]

Yiicel, N.; Citak, S.; Onder, M. Prevalence and Antibiotic Resistance of Listeria Species in Meat Products in Ankara, Turkey. Food
Microbiol. 2005, 22, 241-245. [CrossRef]

Al-Nabulsi, A.A ; Osaili, TM.; Awad, A.A.; Olaimat, A.N.; Shaker, R.R.; Holley, R.A. Occurrence and Antibiotic Susceptibility
of Listeria monocytogenes Isolated from Raw and Processed Meat Products in Amman, Jordan. CYTA—]. Food 2015, 13, 346-352.
[CrossRef]

Rahimi, E.; Ameri, M.; Momtaz, H. Prevalence and Antimicrobial Resistance of Listeria Species Isolated from Milk and Dairy
Products in Iran. Food Control 2010, 21, 1448-1452. [CrossRef]

Kevenk, T.O.; Terzi Gulel, G. Prevalence, Antimicrobial Resistance and Serotype Distribution of Listeria monocytogenes Isolated
from Raw Milk and Dairy Products. J. Food Saf. 2016, 36, 11-18. [CrossRef]

Patterson, J. Prevalence of Antibiotic Resistant Listeria monocytogenes in Sea Foods of Tuticorin Coast, Southeastern India. Eur. J.
Appl. Sci. 2016, 8, 356-364. [CrossRef]

Wieczorek, K.; Osek, J. Prevalence, Genetic Diversity and Antimicrobial Resistance of Listeria monocytogenes Isolated from Fresh
and Smoked Fish in Poland. Food Microbiol. 2017, 64, 164-171. [CrossRef] [PubMed]

Peruzy, M.E; Murru, N.; Perugini, A.G.; Capuano, F; Delibato, E.; Mercogliano, R.; Korkeala, H.; Proroga, Y.T.R. Evaluation of
Virulence Genes in Yersinia enterocolitica Strains Using SYBR Green Real-Time PCR. Food Microbiol. 2017, 65, 231-235. [CrossRef]
[PubMed]

Jorgensen, J.; Bland, R.; Waite-Cusic, J.; Kovacevic, ]. Diversity and Antimicrobial Resistance of Listeria Spp. and L. monocytogenes
Clones from Produce Handling and Processing Facilities in the Pacific Northwest. Food Control 2021, 123, 107665. [CrossRef]
Wilson, A.; Gray, J.; Scott Chandry, P.; Fox, E.M. Phenotypic and Genotypic Analysis of Antimicrobial Resistance among Listeria
monocytogenes Isolated from Australian Food Production Chains. Genes 2018, 9, 80. [CrossRef]

de Vasconcelos Byrne, V.; Hofer, E.; Vallim, D.C.; de Castro Almeida, R.C. Occurrence and Antimicrobial Resistance Patterns of
Listeria monocytogenes Isolated from Vegetables. Braz. |. Microbiol. 2016, 47, 438-443. [CrossRef] [PubMed]

Acciari, V.A.; Torresi, M.; Migliorati, G.; Di Giannatale, E.; Semprini, P.; Prencipe, V. Caratterizzazione Di Ceppi Listeria
monocytogenes Isolati Da Formaggi a Pasta Molle e Semi-Molle Prelevati Nella Regione Abruzzo. Vet. Ital. 2011, 47, 5-13.

CLSI. CLSI Document M100-S24—Performance Standards for Antimicrobial Susceptibility Testing; Twenty-Fourth Informational
Supplement; Clinical and Laboratory Standards Institute: Wayne, PA, USA, 2014.

Proroga, Y.T.R.; Mancusi, A.; Peruzy, M.F,; Carullo, M.R.; Montone, A.M.IL; Fulgione, A.; Capuano, F. Characterization of
Salmonella typhimurium and Its Monophasic Variant 1,4,[5],12:I:- Isolated from Different Sources. Folia Microbiol. 2019, 64, 711-718.
[CrossRef] [PubMed]

Wolfensberger, A.; Kuster, S.P.; Marchesi, M.; Zbinden, R.; Hombach, M. The Effect of Varying Multidrug-Resistence (MDR)
Definitions on Rates of MDR Gram-Negative Rods. Antimicrob. Resist. Infect. Control. 2019, 8, 193. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ijfoodmicro.2019.108289
https://www.ncbi.nlm.nih.gov/pubmed/31487606
https://doi.org/10.1016/j.fm.2004.03.007
https://doi.org/10.1080/19476337.2014.982191
https://doi.org/10.1016/j.foodcont.2010.03.014
https://doi.org/10.1111/jfs.12208
https://doi.org/10.5829/idosi.ejas.2016.356.364
https://doi.org/10.1016/j.fm.2016.12.022
https://www.ncbi.nlm.nih.gov/pubmed/28213022
https://doi.org/10.1016/j.fm.2017.03.004
https://www.ncbi.nlm.nih.gov/pubmed/28400007
https://doi.org/10.1016/j.foodcont.2020.107665
https://doi.org/10.3390/genes9020080
https://doi.org/10.1016/j.bjm.2015.11.033
https://www.ncbi.nlm.nih.gov/pubmed/26991279
https://doi.org/10.1007/s12223-019-00683-6
https://www.ncbi.nlm.nih.gov/pubmed/30721446
https://doi.org/10.1186/s13756-019-0614-3

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Strains 
	Antibiotic Susceptibility Testing 
	Statistical Analysis 

	Conclusions 
	References

