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Abstract: Background/Objectives: Listeria monocytogenes is a significant foodborne
pathogen associated with dairy products, which can pose serious public health risks, par-
ticularly for vulnerable populations. This study aimed to assess the prevalence, serotype
distribution, and antimicrobial resistance profiles of Listeria monocytogenes isolated from
dairy products collected in Romania over a three-year period (2021-2023). To the best of
our knowledge, this is the first comprehensive study addressing these issues within the
country. Methods: A total of 10,306 dairy samples, including milk, cheeses, ice cream,
yogurt, and other dairy-based products, were collected and analyzed using standard micro-
biological methods. Molecular serotyping was performed to identify the most common
serogroups. The antimicrobial susceptibility of the isolates was also conducted. Results:
The overall prevalence of Listeria monocytogenes was 0.41% (43/10,306). The most fre-
quently detected serogroup was IVb (74.41%), followed by Ila (23.25%) and IIb (2.32%).
Ice cream was the most affected product, followed by fresh telemea made from cow
milk. Antimicrobial susceptibility testing revealed higher resistance rates for oxacillin
and trimethoprim-sulfamethoxazole (13.95% each), while all isolates were susceptible
to ciprofloxacin, levofloxacin, and moxifloxacin. Conclusions: The findings emphasize
the need for continuous monitoring of Listeria monocytogenes in dairy products, partic-
ularly ice cream and fresh cheeses, due to their high contamination rates. The study’s
results are valuable for comparative analysis with findings from other countries, helping
to establish a broader understanding of Listeria monocytogenes contamination trends and
resistance profiles.

Keywords: Listeria monocytogenes; dairy products; prevalence; antimicrobial resistance;
serogroup distribution; Romania
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1. Introduction

Listeria monocytogenes (L. monocytogenes) is a ubiquitous bacterium that is widely dis-
tributed in the environment, a genetically heterogeneous species divided into 13 serotypes
and four phylogenetic lineages, of which lineages I and II are the most frequently encoun-
tered [1,2].

L. monocytogenes is pathogenic to both humans and animals, being transmitted to
the consumer mainly via contaminated ready-to-eat (RTE) foods [3]. There are multiple
pathways through which L. monocytogenes can infiltrate the RTE food chain. Among these,
soil and water are regarded as the primary reservoirs for the bacterium, facilitating its
transmission to plant-based materials, animal feed, livestock, and, ultimately, the broader
food production system [3]. This pathogen is highly resilient, capable of persisting in
soil environments for extended periods—sometimes spanning several months—and even
proliferating under conditions that support its growth [4]. It also has the ability to form
biofilms, therefore increasing its resistance to disinfectants and complicating contamination
control. The agricultural environment, particularly farms, represents a significant and
continuous source of L. monocytogenes contamination, contributing to its introduction into
raw food materials [5]. The raw materials originating from primary production play a
crucial role in determining the presence of the pathogen in the final product, as they serve
as potential initial sources of contamination during processing [2].

The processing of RTE foods involves various techniques, including heating, preserva-
tion, decontamination, and fermentation, many of which might help reduce L. monocytogenes
contamination. However, the effectiveness of these methods depends on the process in-
tensity, with mild treatments allowing survival and more rigorous ones eliminating the
pathogen. A significant risk is represented by recontamination during post-processing and
handling (increased handling also increases the probability of contamination) [2].

L. monocytogenes is responsible for severe foodborne infections in humans, invasive
forms of infection being mostly manifested as septicemia, meningitis, or spontaneous abor-
tion. It is also capable of causing invasive disease in a wide range of animal species [1,4,6].

In recent years, multiple food industries across Europe have faced significant disrup-
tions due to outbreaks of foodborne illnesses associated with L. monocytogenes [1,6,7].

In 2019, listeriosis was the most severe zoonotic disease, recording the highest case
fatality rate (13%) among all infections linked to outbreaks. In 2022, listeriosis was the
fifth most reported zoonosis in the European Union (UE), with 2738 cases, reflecting a
15.9% rise in the notification rate compared to 2021 [6,8,9]. In 2023, in the EU, 27 Member
States reported 2952 confirmed cases of invasive L. monocytogenes infections in humans,
resulting in a notification rate of 0.66 cases per 100,000 people. This marked a 5.8% rise
compared to the 2022 rate (0.63 cases per 100,000) and represented the highest number
of cases and notification rate recorded since 2007. Notably, the overall trend for L. mono-
cytogenes infections showed a statistically significant increase between 2019 and 2023.
Among the reporting countries, Romania and Croatia registered the lowest notification rate
(<0.20 per 100,000 people) [6,10].

In general, the most sampled RTE food categories for the detection and/or enumer-
ation of L. monocytogenes are RTE meat and meat products, as well as RTE milk and milk
products. Based on the EU One Health 2023 Zoonoses Report, L. monocytogenes occurrences
reported from official sampling were generally low, ranging from 0% to 2.8% at both the
manufacturing and distribution stages. However, at the distribution level, an exception
was noted for products of meat origin and fermented sausages, which showed a moderate
positive proportion of 14.8%, followed by hard cheeses (1.8%), products of meat origin
other than fermented sausages (1.4%), and fish (1.1%). At the manufacturing stage, the
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highest occurrences of L. monocytogenes were reported in fish and fishery products (1.8%),
followed by soft and semi-soft cheeses (1.3%) [6,10].

Listeria species are generally susceptible to a wide range of antimicrobial agents.

Currently, the standard treatment for human listeriosis consists of a 3-lactam an-
tibiotic, such as ampicillin or penicillin, combined with an aminoglycoside like gentam-
icin. Alternative therapies may include vancomycin, erythromycin, and trimethoprim-
sulfamethoxazole (especially recommended in the case of patients with (3-lactam allergies
or pregnant women) [8,11-13].

Antimicrobial-resistant isolates of L. monocytogenes have been detected in food, environ-
mental sources, and human listeriosis cases. Recent studies have identified L. monocytogenes
strains in dairy products exhibiting resistance to several antibiotics, including ampicillin,
penicillin G, tetracycline, and chloramphenicol. The increasing resistance of L. monocyto-
genes to key therapeutic agents has become a growing concern, particularly given their
central role in the treatment of invasive listeriosis [14].

Several mechanisms contribute to the antimicrobial resistance observed in L. monocy-
togenes, particularly strains isolated from food sources such as dairy products, including
the acquisition of resistance genes through plasmids and transposons, the formation of
persister cells and biofilms, or the activity of efflux pumps [15,16]. Antimicrobial resistance
compromises the effectiveness of standard therapies for listeriosis, a disease associated with
high morbidity and mortality, particularly among vulnerable populations. Furthermore,
the pathogen’s ability to persist in food-processing environments through biofilm formation
and resistance gene acquisition increases the risk of contamination of RTE products, such
as dairy foods, leading to potential outbreaks that are more difficult to control and treat.

In Romania, there is a limited number of studies assessing the prevalence and antibiotic
resistance of Listeria monocytogenes in RTE foods. Among these, a recent one investigated
the prevalence, serotype distribution, virulence gene profiles, and antimicrobial resistance
patterns of L. monocytogenes in 8151 samples from dairy, meat, and fish products, reporting
an overall prevalence of 0.31%, most positive samples being detected in pork meat (42.3%
of the positive samples). Only one L. monocytogenes isolate was recovered from dairy (raw
milk cheese) [9].

The prevalence and resistance patterns of Listeria spp. may be shaped by antibiotic
usage practices and regional differences in antimicrobial policies. Factors such as agricul-
tural antibiotic use, food production hygiene standards, and environmental conditions
contribute to variations in resistance profiles across different geographical regions. Compre-
hensive surveillance of Listeria spp. is essential for public health protection, as systematic
monitoring enables the identification and characterization of clinically relevant serotypes
such as 1/2a, 1/2b, and 4b, which are responsible for the majority of human listeriosis
cases. It can also facilitate the early detection of resistant strains and help monitor emerging
resistance trends [9,17,18].

Romania boasts a rich tradition of cheese and other dairy products that are integral to
its culinary heritage. To the best of our knowledge, no comprehensive study has been con-
ducted on dairy samples in Romania so far. Therefore, the current study aimed to evaluate
the prevalence of L. monocytogenes in dairy samples collected in Romania over a period of
three years (2021-2023), as well as to characterize the serotype distribution and antibiotic
susceptibility profiles of the isolated strains using both classical and molecular methods.

2. Results
2.1. Prevalence of L. monocytogenes in Dairy Samples

A total of 10,306 dairy samples were collected throughout the study period (2021-2023),
with cheese being consistently the most frequently collected sample type across all three
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years. A detailed representation of the samples’ distribution by matrix type is illustrated in
Figure 1.

2021 samples distribution by matrix type 2022 samples distribution by matrix type

2023 samples distribution by matrix type

Matrix Type
butter
cheese
cream

dairy desserts
ice-cream

milk
©® milk/whey powder
© other dairy products
® yoghurt

Figure 1. Samples distribution by matrix type throughout the study period (2021-2023).

Forty-three isolates of L. monocytogenes were recovered from the total number
of samples included in the study (n = 10,306), resulting in an overall prevalence of
0.41% (43/10,306; 0.41%). Among these, during the year 2021, a total of thirty-one positive
isolates were identified, which represents the highest count of positive samples recorded
throughout the study period. A total of ten positive samples were detected in 2023, while
in 2022, only two positive isolates were identified, marking the lowest incidence of positive
samples across all three years (Figure 2).

Based on the distribution of positive samples according to the type of dairy product
analyzed, ice cream accounted for the highest number of positive samples (20/43), followed by
fresh telemea obtained from cow milk (10/43), aged telemea cow cheese (5/43), and bellows
cheese (5/43) (Figure 2).
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The highest number of positive samples originated from Dambovita County (22 samples),
followed by Alba and Covasna Counties (10 samples each), while a single positive sample
was identified in Galati County.

Figure 3 illustrates the regional origin of dairy samples that tested positive for L. monocyto-
genes. A total of 43 positive samples were distributed across four counties in Romania.

Positive samples distribution by year (2021-2023)
Year
2021
2022
® 2023

Positive samples distribution by product type

Product type

® Aged telemea-cow

@ Aged telemea-sheep

@ Bellows cheese

© Fresh cheese-cow

@ Fresh telemea-cow

@® Ice-cream

@ Mixed sheep/cow cheese

Figure 2. Distribution of positive samples by year and by type of dairy product.

The distribution of L. monocytogenes positive samples according to milk heat treat-
ment type over the three-year period (2021-2023) is as follows: In 2021, positive samples
were evenly distributed between milk and dairy products obtained from pasteurized milk
(eight samples; 50%) and products with unspecified heat treatment (8 samples; 50%). In
2022, all positive samples (two samples) were associated with raw or low heat-treated
milk. In 2023, most positive samples (24 samples; 92.3%) were from products with unspeci-
fied milk heat treatment, while a smaller proportion (two samples; 7.7%) were linked to

pasteurized milk (Figure 4).
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Figure 3. Geographical distribution of L. monocytogenes-positive dairy samples in Romania.
2021 8 8 Milk Heat Treatment Type
H not specified
g B
2 2R I pasteurised
2023 2% B [ raw/low heat-treated

Listeria serovar type

1/2a-3a (lla)
1/2b-3b-7 (llb)
4ab-4b-4d-4e (IVb)

I I ! I I I

0 5 10 15 20 25
Total Positive

Figure 4. Distribution of L. monocytogenes-positive samples by milk heat treatment type.

2.2. Molecular Serotyping of L. monocytogenes

Three major serogroups were associated with the isolated strains of L. monocytogenes,
namely Ila, IIb, and IVb, each exhibiting varying levels of contamination across different
dairy matrices (Figures 5 and 6).

Product type

B Aged telemea-cow
B Aged telemea-sheep
[l Bellows cheese

[ Fresh cheese-cow
B Fresh telemea-cow

I

0

5 10 15 20 25 30 35 M lcecream
Total Positive B Mixed sheep/cow cheese

Figure 5. Distribution of L. monocytogenes serogroups among contaminated dairy matrices.
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Lanes 1 2 3 4 5 6 7 8 9 10
1500bp -
1000bp - - Imo 1118 (906 bp)
- Imo 0737 (691 bp)
- ORF 2110 (597 bp)
500bp - -0rf 2819 (471 bp)
-prs (370 bp)
-prA (274 bp)
100bp -

Figure 6. Multiplex PCR serotyping of L. monocytogenes strains. Lanes 1 to 10 represent the following:
Lane 1—DNA ladder (molecular sizes in base pairs indicated on the right); Lane 2—sample positive
for serogroup Ilc; Lane 3—sample positive for serogroup Ila; Lane 4—sample positive for serogroup
IIc; Lane 5—sample positive for serogroup IIb; Lane 6—negative control; Lane 7—positive control
for serogroup Ila; Lane 8—positive control for serogroup IIb; Lane 9—positive control for serogroup
IIc; Lane 10—positive control for serogroup IVb (obtained from the Listeria Culture Collection of the
National Reference Center for Listeria, Institut Pasteur, Paris); The molecular sizes of the amplified
genes are indicated (in base pairs) on the left side of the gel image.

Serogroup Ila (1/2a-3a) was associated with a total of 10 positive samples, representing
23.25% of all positive samples identified (10/43; 23.25%). This serogroup was mainly
associated with soft and fresh dairy products. It was most frequently detected in bellows
cheese (five positive samples), followed by fresh telemea from cow milk (four positive
samples), and in one case, fresh cheese obtained from cow milk (one sample). These
findings indicate that serogroup Ila was present in both traditional and industrial cheese
types, with a relatively balanced distribution among the sampled cheese categories.

Serogroup IIb (1/2b-3b-7) was the least frequently detected, with only one positive
sample identified in fresh telemea obtained from cow milk (1/43; 2.32%). No other product
types included in the study yielded IIb-positive results, suggesting a limited occurrence
within the sampled dairy products.

In contrast, serogroup IVb (4ab-4b-4d-4e) exhibited the highest prevalence, being
detected in 32 of the 43 positive samples distributed across various dairy matrices (32/43;
74.41%). Notably, ice cream was the most affected product, accounting for 20 out of the
32 positive samples linked to this serogroup. The remaining IVb-positive samples were
distributed among fresh cheese (five samples), fresh telemea (four samples), and bellows
cheese (three samples). This serogroup was therefore detected across all sampled product
types, but with a disproportionately high occurrence in ice cream.
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Overall, the distribution of serogroups varied considerably by product type. While
serogroup Ila was mostly associated with cheese samples, particularly bellows cheese and
telemea, serogroup IVb was dominant in both frequency and product diversity, particularly
in frozen dairy products. Serogroup IIb was only sporadically detected.

2.3. Antimicrobial Susceptibility

The antimicrobial susceptibility testing of L. monocytogenes isolates revealed varying
levels of resistance to different antimicrobial agents, as summarized in Table 1. The highest
resistance rates were observed for oxacillin and trimethoprim-sulfamethoxazole, with
6 out of 43 (13.95%) isolates exhibiting resistance to each. Tetracycline and ampicillin
also demonstrated relatively high resistance rates at 11.62% each (five isolates), while
penicillin G exhibited a resistance rate of 9.30% (four isolates). These findings are of note
as ampicillin and penicillin G are first-line agents in the treatment of human listeriosis,
often administered in combination with gentamicin for its synergistic bactericidal effect
in particular cases. Lower resistance rates were detected for methicillin, clindamycin,
gentamicin, chloramphenicol, and rifampicin, each accounting for 2.32% of resistant isolates
(one isolate). No resistance was detected against ciprofloxacin, levofloxacin, or moxifloxacin.
Additionally, intermediate resistance was noted for oxacillin (4.65%), ampicillin (2.32%),
penicillin G (2.32%), and trimethoprim-sulfamethoxazole (2.32%).

Table 1. Antimicrobial susceptibility of the L. monocytogenes isolates.

Antimicrobial Agent Resistant L. monocytogenes Intermediate Resistant L.
Isolates (%) monocytogenes Isolates (%)

Ampicillin 5 (11.62%) 1(2.32%)
Cephalothin 3 (6.97%) 0

Penicillin G 4 (9.30%) 1(2.32%)

Oxacillin 6 (13.95%) 2 (4.65%)
Methicillin 1(2.32%) 0
Ciprofloxacin 0 0
Levofloxacin 0 0
Moxifloxacin 0 0
Clindamycin 1 (2.32%) 0
Tetracycline 5 (11.62%) 0
Gentamicin 1(2.32%) 0
Chloramphenicol 1(2.32%) 0
Rifampicin 1 (2.32%) 0

Trimethoprim-sulfamethoxazole 6 (13.95%) 1 (2.32%)

Overall, the data reveal that while the majority of L. monocytogenes isolates remained
susceptible to key antimicrobials, a subset demonstrated resistance—most notably to drugs
that are either central to listeriosis treatment or serve as important alternatives in cases of
beta-lactam allergy.

3. Discussion

The dairy industry is one of the largest and most dynamic sectors within the global
food industry, producing a diverse array of perishable and semi-perishable products that
are in high demand worldwide, including milk, but also a wide variety of processed dairy
products such as cheese, butter, yogurt, cream, ice cream or powdered milk, each with
unique processing requirements and safety considerations [14,19].

Due to their rich nutritional composition, including high levels of proteins, fats,
vitamins, and minerals, dairy products provide an ideal environment for the growth and
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proliferation of a wide variety of microorganisms. These favorable conditions support
not only beneficial microbes but also undesirable organisms, including spoilage bacteria,
molds, yeasts, and pathogenic bacteria. Contamination can occur at any point along the
dairy production chain, from the initial milking process through processing, packaging,
storage, distribution, and even during handling by consumers [20,21].

The presence of spoilage-inducing and pathogenic microorganisms in dairy products
is particularly problematic because it can compromise both the safety and shelf life of these
products [14]. Notably, the contamination with L. monocytogenes, the causative agent of
listeriosis, is of particular concern, as it is a highly adaptable and resilient pathogen, capable
of surviving and growing under various environmental stressors commonly encountered
in the food-production industry. It can proliferate at low temperatures (as low as —0.4 °C),
endure repeated freezing and thawing cycles, and persist under adverse conditions, includ-
ing a broad pH range (4.4-9.6), low water activity (<0.90), high osmotic pressure, UV light
exposure, and the presence of biocides and heavy metals [22-25].

Even though L. monocytogenes is widely distributed in the environment and frequently
isolated from a variety of foods, listeriosis is a less common foodborne disease compared
to other foodborne illnesses such as salmonellosis. However, listeriosis is associated with
elevated rates of hospitalization (more than 97%), as well as with a high fatality rate (up to
30%), even with appropriate antimicrobial treatment [25,26].

Studies investigating the prevalence of Listeria spp., including L. monocytogenes, have
been conducted in many countries, across a wide range of food categories, including meat,
seafood, milk, dairy products, eggs, and particularly RTE foods, which are considered high-
risk due to their lack of further cooking or processing before consumption. Among RTE
foods, dairy products such as soft cheeses (e.g., telemea, Brie, Camembert), ice cream, butter,
and yogurt have received significant attention, being frequently implicated as potential
vehicles of transmission [27]. To the best of our knowledge, no comprehensive study has
been conducted in Romania to date regarding the prevalence of L. monocytogenes across a
wide variety of dairy products. The current study involved the analysis of a significant
number of dairy samples (10,306), including milk, milk-based drinks, cheese, cream, butter,
yogurt, ice cream, dairy desserts, milk and whey powder, and other dairy products collected
from across the country, over a period of three years (2021-2023), including both raw and
processed dairy products. Forty-three isolates of L. monocytogenes were recovered from
the total number of samples included in the study, resulting in an overall prevalence of
0.41% (43/10,306; 0.41%). The above-mentioned prevalence rate is lower compared to
global estimates reported in a recent meta-analysis that incorporated findings from a total
of 173 studies and found a pooled prevalence of L. monocytogenes in dairy products at
4.60% (95% CI: 1.72-8.60%) and even higher contamination in processing environments
(8.69%, 95% CI: 5.30-12.78%) [27].

However, the prevalence rate reported in our study is slightly higher than the one
reported by Duma et al. (2024) (0.31%), who investigated the prevalence of L. monocytogenes
in RTE food products, including dairy products in Romania [9].

Our findings are partially consistent with the 2013 report by the European Food Safety
Authority (EFSA), which analyzed data from 2010 to 2011 across the European Union. In
this report, the prevalence of L. monocytogenes in soft and semi-soft cheeses at the end of their
shelf life was reported to be 0.47% [28], a value comparable to our observed prevalence
in similar product categories such as telemea and bellows cheese. While our overall
prevalence across all dairy matrices was slightly lower (0.41%), the higher contamination
rate observed specifically in soft cheeses in our study supports EFSA’s identification of
these products as high-risk matrices. These similarities further emphasize the need for
rigorous microbiological monitoring, especially in traditional and RTE cheese varieties,
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which are more susceptible to L. monocytogenes contamination due to their physicochemical
properties and lack of heat treatment prior to consumption [28].

The analysis of the distribution of positive samples across different types of dairy
products performed in our study revealed that ice cream exhibited the highest number
of positive samples (20/43), followed by fresh telemea produced from cow milk (10/43)
and aged telemea cow cheese and bellows cheese (“branza de burduf” in Romanian-a
traditional Romanian cheese made primarily from sheep’s milk) (5/43).

This distribution is notable, especially since L. monocytogenes is capable of surviving
freezing conditions for extended periods. In line with this, Chen et al. [29] reported
a major outbreak of listeriosis in the United States linked to contaminated ice cream,
where over 99% of tested samples from a production line were positive. Although some
studies (e.g., Ewida et al. found no contamination in ice cream, the survival capacity of L.
monocytogenes under freezing conditions for up to 36 months reinforces the risk, particularly
for vulnerable populations such as pregnant women, the elderly, and immunocompromised
individuals [30].

Our data also support the notion that soft cheeses, including traditional Romanian vari-
eties like telemea and bellows cheese, present a favorable environment for L. monocytogenes
growth due to their high moisture content and neutral pH. These intrinsic properties, com-
bined with the fact that such products are often consumed without further heat treatment,
increase the potential for foodborne transmission [14,26,31].

The above-mentioned data highlights that even products unable to support bacterial
growth, such as ice cream, can pose serious health risks if persistently contaminated at low
levels, especially when consumed by highly susceptible populations [14,32].

When it comes to the importance of pasteurization in ensuring the safety of milk and
its derivatives, the distribution of L. monocytogenes-positive samples according to milk heat
treatment type over the three-year period (2021-2023) revealed a notable discrepancy in
contamination rates. In 2021, positive samples were evenly distributed between pasteurized
milk or pasteurized milk-derived products (50%) and products with unspecified heat
treatment (50%), indicating possible cross-contamination or inadequate pasteurization
processes. In contrast, in 2022, all positive samples were associated with raw or low heat-
treated milk, highlighting the increased risk linked to insufficient heat treatment. Notably,
in 2023, the vast majority of positive samples (92.3%) were from products with unspecified
heat treatment, while only a small proportion (7.7%) were linked to pasteurized milk. This
raises concerns about labeling accuracy, cross-contamination during post-processing, or
inadequate sanitation practices in some facilities. The lower prevalence of positive samples
from pasteurized milk or pasteurized milk-derived products, especially in 2023, suggests
effective control measures when proper heat treatment is applied, but the high proportion
of samples with unspecified treatment raises concerns about inadequate documentation of
processing methods and potential contamination risks.

Also, it has been reported in different studies that the risk of L. monocytogenes contami-
nation may persist even after pasteurization, due to improper temperatures, equipment
malfunction during the process, or contamination occurring during subsequent production
stages. Consequently, pasteurized dairy products may still harbor this microorganism.
Research also suggests that L. monocytogenes enclosed within leukocytes in milk can survive
when pasteurization temperatures are insufficient [33].

In light of the low overall prevalence observed in our study compared to international
data, our findings may suggest relatively effective control measures within Romania’s
dairy sector. However, the concentration of positive samples in specific product types—
particularly those often consumed as RTE foods—warrants continued surveillance and
stricter traceability protocols. Furthermore, the presence of L. monocytogenes in products
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with unclear thermal histories indicates the need for more rigorous documentation and
regulatory oversight.

The identification of L. monocytogenes serogroups in the present study revealed the
presence of three major serogroups: Ila, IIb, and IVb, each displaying distinct contami-
nation patterns across various dairy matrices. These serogroups correspond to distinct
evolutionary lineages and differ in their virulence potential, prevalence in food versus
clinical cases, as well as their capacity to persist in the food chain. The most prevalent
serogroup identified was IVb (4ab, 4b, 4d, 4e), which accounted for 32 out of the 43 positive
samples (74.41%), predominantly isolated from ice cream (20 positive samples). This find-
ing is significant given that serotype 4b has been frequently associated with the majority of
severe listeriosis outbreaks, including large-scale global incidents. According to Chen et al.
(2020), although serogroup I1.2 (1/2b-3b-7) was more common in food in China, serogroup
II.1 (equivalent to IVb) remained the most closely associated with virulence strains, often
harboring Listeria Pathogenicity Island 3 (LIPI-3) and LIPI-4, which are linked to enhanced
neuroinvasion and placental tropism [30,34]. The dominance of this serogroup, particularly
in ice cream, may suggest that products with extended storage under refrigeration, com-
bined with inadequate handling or post-processing contamination, may contribute to the
high occurrence of this lineage, underscoring the ability of the pathogen to survive extreme
storage conditions.

Serogroup Ila (1/2a, 3a) was the second most prevalent, comprising 10 positive sam-
ples (23.25%), predominantly detected in soft and fresh cheeses such as bellows cheese
(5 positive samples), fresh cheese from cow milk (1 positive sample), and fresh telemea de-
rived from cow milk (4 positive samples). This serogroup corresponds to Lineage II, which
is commonly derived from environmental, agricultural, and food sources and frequently
associated with non-clinical isolates. However, despite being primarily associated with en-
vironmental sources, several studies have demonstrated that serotype 1/2a is increasingly
involved in sporadic and invasive human listeriosis, particularly in immunocompromised
individuals [14,34,35]. Moreover, Lineage II strains have a strong ability to form biofilms
and persist in food production environments, contributing to their recurrence in RTE foods,
despite hygienic controls.

The least frequently detected serogroup was IIb (1/2b, 3b, 7), with only one positive
sample (2.32%) isolated from fresh telemea derived from cow milk but is of notable im-
portance due to its inclusion in Lineage I and association with virulent sequence types
(e.g., ST87, ST1) [35,36]. It has also been reported that serogroup I1.2 isolates frequently
harbored both LIPI-1 and LIPI-3, indicating a strong potential for virulence even at low
prevalence [30].

Together, our findings emphasize the dominance of the highly virulent Lineage
I (particularly serogroup IVb) in dairy products, with significant implications for pub-
lic health. These strains are capable of causing invasive disease and may be more difficult
to eradicate from processing environments due to their resistance traits and survival mech-
anisms, including biofilm formation and stress adaptation systems.

Furthermore, the notable presence of Lineage II (serogroup Ila) in various fresh and
soft cheeses highlights the need for stringent monitoring and control measures during
production and handling, especially for traditionally made products that may not undergo
extensive heat treatment. Public health interventions must also consider the serotype-
specific risks to better anticipate and prevent listeriosis outbreaks.

The antimicrobial susceptibility testing of the L. monocytogenes isolates revealed vary-
ing levels of resistance against several antibiotics commonly used to treat listeriosis. The
highest resistance rates were observed for oxacillin and trimethoprim-sulfamethoxazole,
with 13.95% of isolates exhibiting resistance to each. Additionally, relatively high resistance
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rates were detected for tetracycline and ampicillin, each accounting for 11.62% of isolates,
while penicillin G exhibited a lower resistance rate of 9.30%. These findings are clinically
significant considering that ampicillin and penicillin G remain the cornerstone of treatment
for invasive listeriosis. Resistance to these first-line agents may limit therapeutic options,
particularly in severe cases.

Trimethoprim-sulfamethoxazole, often used as an alternative in patients allergic to
(-lactams, also showed concerning resistance levels. Similar trends were reported by Duma
et al. (2024), who found that resistance to trimethoprim-sulfamethoxazole and oxacillin
reached 26.92% and 23.07%, respectively, in L. monocytogenes strains isolated from RTE food
products in Romania [9].

Encouragingly, no resistance was detected against ciprofloxacin, levofloxacin, or mox-
ifloxacin, which are generally effective against L. monocytogenes, consistent with prior
findings and confirming the potential of these agents as second-line therapies in resis-
tant cases. However, caution is warranted, as there is limited data on their efficacy in
systemic listeriosis.

At the molecular level, tetracycline resistance is often associated with the detection of
tetC, tetM and tetK genes, while the ampC gene is considered responsible for 3-lactamase
production and resistance to ampicillin. The gene dfrD confers resistance to trimethoprim.

The emergence of resistant and multidrug-resistant L. monocytogenes in the food chain,
particularly in RTE dairy products, represents a significant public health threat. Contam-
inated foods may serve as reservoirs for strains that are not only virulent, but also less
responsive to standard treatments, increasing the risk of therapeutic failure and complica-
tions in clinical cases Thus, continuous antimicrobial resistance monitoring, coupled with
strict food safety controls and prudent antibiotic use in agriculture, is essential to safeguard
the effectiveness of existing therapies and prevent the dissemination of resistant strains
into the human population.

4. Materials and Methods
4.1. Sample Collection

This study analyzed a total of 10,306 dairy product samples—including milk, milk-
based beverages, cheese, cream, butter, yogurt, ice cream, dairy desserts, milk and whey
powders, and other dairy items—submitted to the Sanitary Veterinary and Food Safety
Laboratories across Romania.

The primary objective was to assess compliance with microbiological safety standards,
with a specific focus on the detection and confirmation of the absence of Listeria spp. in
dairy products.

The study was conducted over a three-year period (2021-2023), during which the num-
ber of samples tested per year was as follows: 3119 in 2021; 3388 in 2022; and 3799 in 2023.

All samples were delivered directly to the laboratories by producers, maintained
in their original commercial packaging, and transported under refrigerated conditions
(04 °C) to preserve microbiological integrity.

Samples were gathered from all administrative counties of Romania (during all sea-
sons), providing comprehensive national representation in the assessment of L. monocyto-
genes contamination.

The heat treatment types included “not specified”, “pasteurized”, and “raw/low heat-
treated milk”. Among these samples, 6545 were dairy samples derived from pasteurized
milk, while for 3305 samples, the type or procedure of milk heat treatment was not specified.
A total of 456 samples were represented by dairy samples derived from raw/low heat-
treated milk.
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4.2. Bacterial Isolation

The isolation of the L. monocytogenes strains was performed according to the horizon-
tal detection and counting method, following the steps previously described by Duma
et al. [9]. Briefly, a total of 25 g from each sample was inoculated into 225 mL of selective
supplement half Fraser broth (Sharlau, Sentmenat, Spain) and incubated at 30 + 1 °C
for 25 £ 1 h. Following this, a second enrichment step was performed by transferring
0.1 mL of the broth culture into 10 mL of full-strength Fraser broth (UVM II Selective
Supplement, Scharlau, Spain) and incubating it at 37 °C for 24 + 2 h. After enrichment,
a loopful from both half-strength and full-strength Fraser broths was streaked onto chro-
mogenic ALOA agar (Scharlau, Spain) and Oxford agar (Merck, Darmstadt, Germany),
followed by incubation under aerobic conditions at 37 °C for 24-48 h. Colonies displaying
characteristic morphology on ALOA and Oxford agar were subsequently subcultured onto
tryptic soy agar supplemented with 0.6% yeast extract (TSA-YE) (BioLife, Monza, Italy)
and incubated at 37 °C for 24 h. For further identification, isolates were subjected to Gram
staining, hemolysis testing on blood agar (Columbia Blood Agar Base, Oxoid, Basingstoke,
UK, supplemented with defibrinated horse blood), carbohydrate utilization tests (Carbo-
hydrates Utilisation Broth Base ISO, Condalab, Madrid, Spain), and CAMP tests using
reference strains (Staphylococcus aureus ATCC 6538P, Rhodococcus equi ATCC 6939, Listeria
monocytogenes ATCC 13932, Listeria ivanovii ATCC 19119, and Listeria innocua ATCC 33090).
Final confirmation of L. monocytogenes strains was performed using biochemical testing
with the help of the VITEK 2 GP Immunodiagnostic Assay System (Biomerieux, Craponne,
France), following the manufacturer’s guidelines [9].

4.3. Antimicrobial Susceptibility Testing

Antimicrobial susceptibility was assessed based on the disk diffusion method, follow-
ing the standard protocol recommended by the European Committee on Antimicrobial
Susceptibility Testing (EUCAST), as previously described [9]. Following isolation, the
frozen L. monocytogenes strains were thawed and plated onto Brain Heart Infusion (BHI)
agar (Merck, Germany), then incubated at 37 °C for 24 h. Subsequently, 5-6 colonies from
the overnight cultures were suspended in 1 mL of 0.9% NaCl solution, with the turbidity
adjusted to a 0.5 McFarland standard. The prepared suspension was then inoculated onto
Mueller-Hinton agar (Merck, Germany). Antibiotic disks were placed on the agar surface
at 3 cm intervals, each containing a specific concentration of antimicrobials: {3-lactams
(ampicillin-10 pg, cephalothin-30 pg, penicillin G-10 pg, oxacillin-1 ug, and meticillin-5 pg),
fluoroquinolones (ciprofloxacin-5 pg, levofloxacin-5 ug, moxifloxacin-5 ug), macrolides
and lincosamides (clindamycin-2 pg), tetracyclines (tetracycline-30 pg), aminoglycosides
(gentamicin-10 pg) and others (chloramphenicol-30 pg, rifampicin-30 pg, and trimethoprim-
sulfamethoxazole-1.5/23.5 ug). The plates were subsequently incubated at 37 °C for 24 h,
after which the diameter of the inhibition zones was measured to the nearest millimeter.
Data interpretation followed EUCAST criteria [37]. In cases where EUCAST did not provide
resistance breakpoints for Listeria, CLSI standards for Staphylococcus aureus and Enterococcus
spp. were used as reference points [38].

4.4. Bacterial DNA Extraction

The bacterial DNA was extracted using the InstaGene Matrix kit (Bio-Rad, 732-6030,
Sydney, Australia) following the manufacturer’s instructions with slight modifications.

Briefly, two to three bacterial colonies were resuspended in 200 uL of a 6% (w/v)
Chelex® resin solution provided with the Bio-Rad kit.

In the standard Bio-Rad protocol, a single colony is first suspended in 1 mL of distilled
water, centrifuged to remove the supernatant, and then resuspended in the Chelex solution.
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In this study, that step was bypassed, and the colonies were directly suspended in the
Chelex solution.

The samples were incubated at 56 °C for 30 min on a thermomixer set at 1400 rpm.
The tubes were then heated at 98 °C for 15 min, whereas the Bio-Rad protocol recommends
heating at 100 °C for only 8 min. Finally, the samples were centrifuged at 12,000 rpm for
5 min, compared to the Bio-Rad recommendation of centrifugation at 10,000-12,000 rpm
for 2-3 min.

The resulting supernatant was stored at —18 °C until further use.

4.5. Polymerase Chain Reaction (PCR) for the Molecular Serotyping of L. monocytogenes

The multiplex PCR was performed by amplifying specific L. monocytogenes genes, using
primers previously described by [1]. The total reaction volume of 25 pL consisted of 2.5 uL
of bacterial DNA, 12.5 uL of 2x QIAGEN Multiplex PCR Master Mix (Qiagen, Hilden,
Germany), and 10 pL of a primer mix containing 0.4 uM forward and reverse primers for
Imo1118, 0.4 uM for Imo0737, 0rf2819, and orf2110, 0.1 uM for prs, and 0.2 uM for prfA. The
multiplex PCR protocol included an initial pre-denaturation and polymerase activation step
at 95 °C for 5 min, followed by 40 amplification cycles consisting of denaturation at 95 °C
for 20 s, annealing at 54 °C for 40 s, and elongation at 72 °C for 90 s. A final elongation step
was performed at 72 °C for 7 min. For electrophoresis, a 2% agarose gel (Bioline, London,
UK) was prepared in TAE buffer (Bioline, UK). Electrophoresis was conducted for 1 h and
30 min at 100 V. A total of 5 uL. of DNA ladder (Promega, Southampton, UK) and 10 uL
of amplicon were loaded onto the gel, both mixed with 2 pL of 6 x dual-action non-toxic
fluorescent nucleic acid stain and loading dye (UView 6 x Loading Dye, Bio-Rad, Hercules,
CA, USA). The gel was visualized alongside a 100 bp DNA ladder for size reference. The
expected band sizes for gene identification are detailed in Table 2, while the correlation
between the amplified genes and the L. monocytogenes serogroups is presented in Table 3.

Table 2. Primers used for the molecular serotyping of L. monocytogenes.

Protein Encoded by the Target

Target Gene Primer Sequence (5'-3) Product Size (bp) Serovar Specificity Gene
F:AGGGCTTCAAGGACTTACCC L. monocytogenes serovars 1/2a, s
Imo0737 R: ACGATTTCTGCTTGCCATTC 691 1/2c,3a,and 3¢ Unknown, nosimilarity
I F: AGGGGTCTTAAATCCTGGAA L. monocytogenes serovars 1/2c s
mol118 R: CGGCTIGTTCGGCATACTTA 906 and 3¢ Unknown, no similarity
orf2819 11; éAG"%(?:CA"I{XIEACGC CA CAT[éé(éTAgr"CF;é 471 L. mono;bytiieze; s:;(&v:;s 1/2b, Putative transcriptional regulator
or2110 1%%%%@%??5%%?&???5 GcﬁcA 597 L. momécgtigberzg S:;(Zlvfers 1/2b, Putative transcriptional regulator
s F: GCTGAAGAGATTGCGAAAGAAG 370 L. monocytogenes serovars 4b, Putati ted protei
pr R: CAAAGAAACCTTGGATTTGCGG 4d, and 4e uative secreted protein
F: GATACAGAAACATCGGTTGGC L. monocytogenes serovars 4b, . .
prfA R: GTGTAATCTTGATGCCATCAGG 274 4d,and 4e Putative secreted protein

Table 3. Correlation between amplified genes and L. monocytogenes serogroups identified by multiplex PCR.

Gene Serogroup Ila  Serogroup IIb  Serogroup IIc  Serogroup IVb
Imo0737 + — —
ORF2819 — + +
Imo1118 — — —
ORF2110 — — +

prs + + +

prfA + + +

4.6. Data Processing and Visualization

With the aim of analyzing the prevalence of L. monocytogenes in the investigated
data sets, the Python (version 3.8.8) programming language has been used, specifically



Antibiotics 2025, 14, 482

15 of 18

employing the Pandas library (version 1.2.4) for data manipulation and Altair (version
5.4.1) for constructing the graphical representations [39,40]. The initial datasets, containing
the analysis reports in Excel format, were preprocessed using Pandas for data filtering,
categorization, and transformation. Several visualizations in the form of stacked bar charts
and radial plots were designed to illustrate the distribution of both total and Listeria-
positive samples in regard to several factors such as year, product type, milk heat treatment
type, or Listeria serovar type.

5. Conclusions

The current study provides the first comprehensive nationwide assessment of L. mono-
cytogenes prevalence, serogroup distribution, and antimicrobial resistance in dairy prod-
ucts collected across Romania over a three-year period (2021-2023). Among 10,306 dairy
samples analyzed, L. monocytogenes was detected in 0.41% of cases, with the highest con-
tamination rates found in ice cream and soft cheeses such as telemea and bellows cheese.
The predominant serogroup was IVb—historically associated with clinical cases and major
listeriosis outbreaks—followed by Ila and IIb, highlighting both virulence potential and en-
vironmental persistence of circulating strains. Antimicrobial susceptibility testing revealed
resistance to several key antibiotics, notably oxacillin and trimethoprim-sulfamethoxazole
(13.95%), and to first-line agents such as ampicillin and penicillin G (11.62% and 9.30%,
respectively). These results raise concerns given the reliance on these antibiotics for effec-
tive treatment of invasive listeriosis. The identification of resistance-associated genes such
as tet(M), ampC, and dfrD in other Romanian isolates supports the likelihood of emerging
antimicrobial resistance traits in foodborne strains.

Taken together, the results meet the objectives of the study by demonstrating that
while overall prevalence remains relatively low, the presence of virulent and potentially
resistant L. monocytogenes strains in high-risk dairy products poses a significant public
health concern. These findings underline the need for continuous surveillance, improved
labeling and traceability of thermal processing, and stricter hygienic controls throughout
the dairy production chain to minimize the risk of foodborne listeriosis, particularly among
vulnerable populations.

To the best of our knowledge, this is the first comprehensive study addressing
these issues within the country, supported by extensive data collection and analysis of
a wide range of dairy matrices, including fresh and aged cheeses, ice cream, and other
dairy-based products.

While this study provides valuable insight into the prevalence, serogroup distribution,
and antimicrobial resistance of L. monocytogenes in dairy products across Romania, certain
limitations must be acknowledged. First, the molecular characterization of isolates was
limited to serogroup-level typing; whole-genome sequencing or multilocus sequence typing
(MLST) was not performed. As a result, it was not possible to identify the sequence
types (STs) of the strains, which would have allowed for more precise comparisons with
internationally circulating clones, particularly hypervirulent or outbreak-associated strains
reported across Europe. Additionally, the lack of detailed metadata for some samples
(e.g., exact production methods, facility hygiene conditions) limited the ability to perform
in-depth risk factor analysis.

Future studies should aim to address these gaps by incorporating advanced molecular
typing techniques, expanding the range of tested food matrices, and improving documen-
tation of processing conditions to enhance the accuracy of contamination risk assessment.

The study’s results are valuable for comparative analysis with findings from other
countries, helping to establish a broader understanding of L. monocytogenes contamination
trends and resistance profiles.



Antibiotics 2025, 14, 482 16 of 18

Author Contributions: Conceptualization, L.M.C. (Liora Mihaela Colobatiu) and FE.G.N.; methodol-
ogy, LM.C. (Laurentiu Mihai Ciupescu) and A.T.; software, A.R.H.; validation, L.M.C. (Laurentiu
Mihai Ciupescu), RM. and A.R.H.; formal analysis, L.M.C. (Laurentiu Mihai Ciupescu) and A.T.;
investigation, L.M.C. (Laurentiu Mihai Ciupescu), A.T., R.T. and M.M.P,; resources, L.M.C. (Laurentiu
Mihai Ciupescu) and A.T.; data curation, RM., LM.C. (Liora Mihaela Colobatiu) and M.M.; writing—
original draft preparation, FG.N. and L.M.C. (Liora Mihaela Colobatiu); writing—review and editing,
L.M.C. (Liora Mihaela Colobatiu) and M.M.; visualization, L.M.C. (Liora Mihaela Colobatiu), R.M.
and M.M.; supervision, M.M.; project administration, L.M.C. (Laurentiu Mihai Ciupescu) and M.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: Data is contained within the article.

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

Abbreviations

The following abbreviations are used in this manuscript:

RTE Ready-to-eat
EU European Union
EFSA European Food Safety Authority
EUCAST  European Committee on Antimicrobial Susceptibility Testing
DNA Deoxyribonucleic acid
PCR Polymerase Chain Reaction
References
1. Félix, B.; Capitaine, K.; Te, S.; Felten, A.; Gillot, G.; Feurer, C.; van den Bosch, T.; Torresi, M.; Lancz, Z.S.; Delannoy, S.; et al.

10.

11.
12.
13.

Identification by High-Throughput Real-Time PCR of 30 Major Circulating Listeria monocytogenes Clonal Complexes in Europe.
Microbiol. Spectr. 2023, 11, €0395422. [CrossRef]

Ricci, A.; Allende, A.; Bolton, D.; Chemaly, M.; Davies, R.; Ferndndez Escdmez, P.S.; Girones, R.; Herman, L.; Koutsoumanis, K,;
Norrung, B. Listeria monocytogenes contamination of ready-to-eat foods and the risk for human health in the EU. EFSA J. 2018,
16, €05134. [CrossRef]

Linke, K.; Riickerl, I.; Brugger, K.; Karpiskova, R.; Walland, J.; Muri-Klinger, S.; Tichy, A.; Wagner, M.; Stessl, B. Reservoirs of
Listeria species in three environmental ecosystems. Appl. Environ. Microbiol. 2014, 80, 5583-5592. [CrossRef]

Dowe, M.].; Jackson, E.D.; Mori, J.G.; Bell, C.R. Listeria monocytogenes Survival in Soil and Incidence in Agricultural Soils. J.
Food Prot. 1997, 60, 1201-1207. [CrossRef] [PubMed]

Nightingale, K.K.; Schukken, Y.H.; Nightingale, C.R.; Fortes, E.D.; Ho, A.J.; Her, Z.; Grohn, Y.T.; McDonough, P.L.; Wiedmann, M.
Ecology and transmission of Listena monocytogenes infecting ruminants and in the farm environment. Appl. Environ. Microbiol.
2004, 70, 4458-4467. [CrossRef]

European Food Safety Authority; European Centre for Disease Prevention and Control. The European Union One Health 2019
Zoonoses Report. EFSA J. 2021, 19, e06406.

European Food Safety Authority. Multi-Country Outbreak of Listeria Monocytogenes Linked to Cold-Smoked Fish. 2022.
Available online: https://www.efsa.europa.eu/en/press/news/190604 (accessed on 5 March 2025).

Zhang, Y,; Yeh, E.; Hall, G,; Cripe, J.; Bhagwat, A.A.; Meng, J. Characterization of Listeria monocytogenes isolated from retail
foods. Int. J. Food Microbiol. 2007, 113, 47-53. [CrossRef]

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]
European Food Safety Authority; European Centre for Disease Prevention. The European Union One Health 2023 Zoonoses
report. EFSA ]. 2014, 22, €9106. [CrossRef]

Hof, H.; Nichterlein, T.; Kretschmar, M. Management of listeriosis. Clin. Microbiol. Rev. 1997, 10, 345-357. [CrossRef]

Hof, H. Therapeutic options. FEMS Immunol. Med. Microbiol. 2003, 35, 203-205. [CrossRef]

Hof, H. An update on the medical management of listeriosis. Exp. Opin. Pharmacother. 2004, 5, 1727-1735. [CrossRef]


https://doi.org/10.1128/spectrum.03954-22
https://doi.org/10.2903/j.efsa.2018.5134
https://doi.org/10.1128/AEM.01018-14
https://doi.org/10.4315/0362-028X-60.10.1201
https://www.ncbi.nlm.nih.gov/pubmed/31207734
https://doi.org/10.1128/AEM.70.8.4458-4467.2004
https://www.efsa.europa.eu/en/press/news/190604
https://doi.org/10.1016/j.ijfoodmicro.2006.07.010
https://doi.org/10.3390/microorganisms12050954
https://www.ncbi.nlm.nih.gov/pubmed/38792784
https://doi.org/10.2903/j.efsa.2024.9106
https://doi.org/10.1128/CMR.10.2.345
https://doi.org/10.1016/S0928-8244(02)00466-2
https://doi.org/10.1517/14656566.5.8.1727

Antibiotics 2025, 14, 482 17 of 18

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ribeiro, A.C.; Almeida FA de Medeiros, M.M.; Miranda, B.R.; Pinto, U.M.; Alves, V.E. Listeria monocytogenes: An Inconvenient
Hurdle for the Dairy Industry. Dairy 2023, 4, 316-344. [CrossRef]

Matereke, L.T.; Okoh, A.I Listeria monocytogenes Virulence, Antimicrobial Resistance and Environmental Persistence: A Review.
Pathogens 2020, 9, 528. [CrossRef] [PubMed]

Bashiry, M.; Javanmardi, F; Taslikh, M.; Sheidaei, Z.; Sadeghi, E.; Abedi, A.-S.; Alizadeh, A.M.; Hashempour-Baltork, E;
Beikzadeh, S.; Riahi, S.M.; et al. Listeria monocytogenes in Dairy Products of the Middle East Region: A Systematic Review,
Meta-Analysis, and Meta-Regression Study. Iran. ]. Public Health 2022, 51, 292. [CrossRef]

Osek, J.; Wieczorek, K. Listeria monocytogenes—How This Pathogen Uses Its Virulence Mechanisms to Infect the Hosts. Pathogens
2022, 11, 1491. [CrossRef] [PubMed]

Wang, X.M.; Lii, X.E; Yin, L.; Liu, H.-E; Zhang, W.-J.; Si, W.; Yu, S.-Y.; Shao, M.-L.; Liu, S.-G. Occurrence and antimicrobial
susceptibility of Listeria monocytogenes isolates from retail raw foods. Food Control 2013, 32, 153-158. [CrossRef]

Bhosale, S.; Desale, R.].; Fulpagare, Y.G. Biofilm: An Overview with Respect to Dairy Industry. Int. . Curr. Microbiol. Appl. Sci.
2020, 9, 150-160. [CrossRef]

Gopal, N; Hill, C; Ross, P.R.; Beresford, T.P,; Fenelon, M.A.; Cotter, P.D. The Prevalence and Control of Bacillus and Related
Spore-Forming Bacteria in the Dairy Industry. Front. Microbiol. 2015, 6, 1418. [CrossRef]

Owusu-Kwarteng, J.; Akabanda, F.; Agyei, D.; Jespersen, L. Microbial Safety of Milk Production and Fermented Dairy Products
in Africa. Microorganisms 2020, 8, 752. [CrossRef]

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]

Matle, I; Mbatha, K.R.; Madoroba, E. A review of Listeria monocytogenes from meat and meat products: Epidemiology, virulence
factors, antimicrobial resistance and diagnosis. Onderstepoort |. Vet. Res. 2020, 87, 20. [CrossRef]

dos Santos, ].S.; Biduski, B.; dos Santos, L.R. Listeria monocytogenes: Health risk and a challenge for food processing establish-
ments. Arch. Microbiol. 2021, 203, 5907-5919. [CrossRef] [PubMed]

Osek, J.; Lachtara, B.; Wieczorek, K. Listeria monocytogenes—How This Pathogen Survives in Food-Production Environments?
Front. Microbiol. 2022, 13, 866462. [CrossRef]

Food and Drug Administration. Get the Facts About Listeria. 2022. Available online: https:/ /www.fda.gov/animal-veterinary/
animal-health-literacy/get-facts-about-listeria (accessed on 26 March 2025).

Li, X.; Zheng, J.; Zhao, W.; Wu, Y. Prevalence of Listeria monocytogenes in Milk and Dairy Product Supply Chains: A Global
Systematic Review and Meta-analysis. Foodborne Pathog. Dis. 2024, 21, 526-535. [CrossRef] [PubMed]

Liu, D.; Lawrence, M.L.; Austin, EW.; Ainsworth, A.J. A multiplex PCR for species-and virulence-specific determination of
Listeria monocytogenes. J. Microbiol. Methods 2007, 71, 133-140. [CrossRef] [PubMed]

Chen, Y.; Burall, L.S.; Macarisin, D.; Pouillot, R.; Strain, E.; De Jesus, A.].; Laasri, A.; Wang, H.; Ali, L.; Tatavarthy, A.; et al.
Prevalence and Level of Listeria monocytogenes in Ice Cream Linked to a Listeriosis Outbreak in the United States. |. Food Prot.
2016, 79, 1828-1832. [CrossRef]

Campagnollo, EB.; Gonzales-Barron, U.; Pilao Cadavez, V.A.; Sant’ana, A.S.; Schaffner, D.W. Quantitative risk assessment of
Listeria monocytogenes in traditional Minas cheeses: The cases of artisanal semi-hard and fresh soft cheeses. Food Control 2018,
92, 370-379. [CrossRef]

Pouillot, R.; Klontz, K.C.; Chen, Y.; Burall, L.S.; Macarisin, D.; Doyle, M.; Bally, K.M.; Strain, E.; Datta, A.R.; Hammack, T.S,;
et al. Infectious Dose of Listeria monocytogenes in Outbreak Linked to Ice Cream, United States, 2015. Emerg. Infect. Dis. 2016,
22,2113-2119. [CrossRef]

Doyle, M.P; Glass, K.A.; Beery, ].T.; A Garcia, G.; Pollard, D.J.; Schultz, R.D. Survival of Listeria monocytogenes in milk during
high-temperature, short-time pasteurization. Appl. Environ. Microbiol. 1987, 53, 1433-1438. [CrossRef]

Kuenne, C.; Billion, A.; Mraheil, M.A.; Strittmatter, A.; Daniel, R.; Goesmann, A.; Barbuddhe, S.; Hain, T.; Chakraborty, T.
Reassessment of the Listeria monocytogenes pan-genome reveals dynamic integration hotspots and mobile genetic elements as
major components of the accessory genome. BMC Genom. 2013, 12, 47. [CrossRef]

Chen, Y.; Chen, M.; Wang, J.; Wu, Q.; Cheng, J.; Zhang, J.; Sun, Q.; Xue, L.; Zeng, H.; Lei, T.; et al. Heterogeneity, Characteristics,
and Public Health Implications of Listeria monocytogenes in Ready-to-Eat Foods and Pasteurized Milk in China. Front. Microbiol.
2020, 11, 486158. [CrossRef] [PubMed]

Haase, ].K.; Didelot, X.; Lecuit, M.; Korkeala, H.; L. monocytogenes MLST Study Group; Achtman, M. The ubiquitous nature of
Listeria monocytogenes clones: A large-scale Multilocus Sequence Typing study. Environ. Microbiol. 2014, 16, 405-416. [CrossRef]
Varsaki, A.; Ortiz, S.; Santorum, P.; Lopez, P.; L6pez-Alonso, V.; Herndndez, M.; Abad, D.; Rodriguez-Grande, J.; Ocampo-Sosa,
A.A.; Martinez-Sudrez, ].V. Prevalence and Population Diversity of Listeria monocytogenes Isolated from Dairy Cattle Farms in
the Cantabria Region of Spain. Animals 2022, 12, 2477. [CrossRef]

European Committee on Antimicrobial Susceptibility Testing (EUCAST). Breakpoint Tables for Interpretation of MICs and Zone
Diameters, Version 7.0. 2017. Available online: http:/ /www.eucast.org (accessed on 21 March 2025).


https://doi.org/10.3390/dairy4020022
https://doi.org/10.3390/pathogens9070528
https://www.ncbi.nlm.nih.gov/pubmed/32629911
https://doi.org/10.18502/ijph.v51i2.8682
https://doi.org/10.3390/pathogens11121491
https://www.ncbi.nlm.nih.gov/pubmed/36558825
https://doi.org/10.1016/j.foodcont.2012.11.032
https://doi.org/10.20546/ijcmas.2020.910.020
https://doi.org/10.3389/fmicb.2015.01418
https://doi.org/10.3390/microorganisms8050752
https://doi.org/10.1016/j.foodcont.2016.12.016
https://doi.org/10.4102/ojvr.v87i1.1869
https://doi.org/10.1007/s00203-021-02590-2
https://www.ncbi.nlm.nih.gov/pubmed/34647141
https://doi.org/10.3389/fmicb.2022.866462
https://www.fda.gov/animal-veterinary/animal-health-literacy/get-facts-about-listeria
https://www.fda.gov/animal-veterinary/animal-health-literacy/get-facts-about-listeria
https://doi.org/10.1089/fpd.2024.0029
https://www.ncbi.nlm.nih.gov/pubmed/38904302
https://doi.org/10.1016/j.mimet.2007.08.007
https://www.ncbi.nlm.nih.gov/pubmed/17884210
https://doi.org/10.4315/0362-028X.JFP-16-208
https://doi.org/10.1016/j.foodcont.2018.05.019
https://doi.org/10.3201/eid2212.160165
https://doi.org/10.1128/aem.53.7.1433-1438.1987
https://doi.org/10.1186/1471-2164-14-47
https://doi.org/10.3389/fmicb.2020.00642
https://www.ncbi.nlm.nih.gov/pubmed/32351479
https://doi.org/10.1111/1462-2920.12342
https://doi.org/10.3390/ani12182477
http://www.eucast.org

Antibiotics 2025, 14, 482 18 of 18

38. Clinical and Laboratory Standards Institute (CLSI). Performance Standards for Antimicrobial Disk Susceptibility Tests, M100S, 29th ed.;
Clinical and Laboratory Standards Institute (CLSI): Malvern, PA, USA, 2019; p. 39.

39. Reback, J.; McKinney, W.; Jbrockmendel; Van den Bossche, J.; Augspurger, T.; Cloud, P.; Hawkins, S.; gfyoung; Sinhrks; Roeschke,
M.; et al. pandas-dev/pandas: Pandas 1.2.4, version 1.2.4; Zenodo CERN: Geneva, Switzerland, 2021. [CrossRef]

40. VanderPlas, J.; Granger, B.E.; Heer, J.; Moritz, D.; Wongsuphasawat, K.; Satyanarayan, A.; Lees, E.; Timofeev, I.; Welsh, B.; Sievert,
S. Altair: Interactive Statistical Visualizations for Python. J. Open Source Softw. 2018, 3, 1057. [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/10.5281/ZENODO.4681666
https://doi.org/10.21105/joss.01057

	Introduction 
	Results 
	Prevalence of L. monocytogenes in Dairy Samples 
	Molecular Serotyping of L. monocytogenes 
	Antimicrobial Susceptibility 

	Discussion 
	Materials and Methods 
	Sample Collection 
	Bacterial Isolation 
	Antimicrobial Susceptibility Testing 
	Bacterial DNA Extraction 
	Polymerase Chain Reaction (PCR) for the Molecular Serotyping of L. monocytogenes 
	Data Processing and Visualization 

	Conclusions 
	References

