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Antibiotic resistance of Listeria monocytogenes present in raw milk 
and milk products: mechanisms, prevalence and implications for 
food safety.

Abstract: Antibiotic resistance has emerged as a major global 
concern in both clinical and food safety contexts leading to a 
reduction in the effectiveness of treatments against bacterial 
infections and contaminations. Listeria monocytogenes, which 
causes severe food borne infections is particularly important due 
to its increasing tendency to develop resistance to commonly 
used antibiotics, posing significant challenges to public health. 
To gain a deeper insight into this issue, a comprehensive 
literature search was conducted. Based on this extensive review 
of the available literature, this article describes the mechanisms 
underlying antibiotic resistance in L. monocytogenes, with 
particular emphasis on its genetic basis and the role of horizontal 
gene transfer. The review also discusses the prevalence of 
antibiotic-resistant strains, with a special emphasis on their 
occurrence in raw milk and dairy products. In addition, key 
factors contributing to the development and spread of resistance 
including antibiotic exposure, food processing conditions, 
and bacterial stress responses were evaluated. Overall, this 
review highlights the growing public health significance of 
antibiotic-resistant L. monocytogenes and emphasizes the need 
for continuous surveillance, improved control strategies, and 
interdisciplinary collaboration to mitigate its emergence and 
ensure food safety.

Key words: Listeria monocytogenes, antibiotic resistance, raw 
milk, food safety, public health, genetic mechanisms 

Introduction

Listeria monocytogenes, the causative agent of listeriosis, 
is a pathogenic Gram-positive coccobacillus widely 

distributed in environmental sources such as food, water, 
soil, animal feed, and sewage (Gartley et al., 2022). This 
bacterium is capable of contaminating a wide range of 
food products and is responsible for listeriosis, a serious 
foodborne infection that poses significant health risks 
to humans. The disease primarily affects vulnerable 
populations, including pregnant women, neonates, the 
elderly, and immunocompromised individuals. In humans, 
listeriosis can result in severe clinical outcomes such as 
meningitis, meningoencephalitis, septicemia, abortion, 
and prenatal infections. The infection is associated with 
high mortality rates, reaching approximately 20–30% 
among high-risk groups (Disson & Lecuit, 2012; Choi et 
al., 2018; Hilliard et al., 2018).

	 L. monocytogenes can be shed in the milk of cows 
and buffaloes following miscarriage or udder infection, 
contaminating apparently normal milk with a significant 
bacterial load (Osman et al., 2016). The potential 
transmission of listeriosis through raw milk highlights 
the importance of monitoring and managing dairy herds 
to prevent outbreaks. Contaminated dairy products, 
introduced during processing or post-production 
handling, remain a major vehicle for human infection 
(Borucki et al., 2005; Wijendra et al., 2014; Ulusoy & 
Chirkena, 2019).

	 In recent years, increasing attention has been directed 
toward antimicrobial resistance in L. monocytogenes, 
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particularly among isolates associated with food and 
dairy environments. Although the organism has been 
reported to be susceptible to first-line antibiotics such 
as ampicillin and penicillin (Morvan et al., 2010; Haase 
et al., 2014; Wilson et al., 2018), emerging resistance to 
commonly used antimicrobials, including tetracyclines, 
macrolides, and sulfonamides, has been reported (Tayeb 
et al., 2023; Díaz-Martínez et al., 2024; Ramatla et al., 
2026). The presence of multidrug-resistant strains raises 
concerns regarding treatment efficacy and public health 
risk (Kayode et al., 2020). These factors collectively 
highlight the importance of integrating antimicrobial 
resistance surveillance into studies of listeriosis 
outbreaks, particularly those associated with milk and 
milk products.

Listeriosis outbreaks

Listeriosis is a severe foodborne infection caused by 
L. monocytogenes, a bacterium capable of surviving in 
diverse environments, including refrigerated foods (Choi 
et al., 2018; Gartley et al., 2022). Infection occurs mainly 
through contaminated food such as ready-to-eat products 
and unpasteurized milk (Disson & Lecuit, 2012; Osman 
et al., 2016). Clinical outcomes range from mild febrile 
illness to septicemia, meningitis, and miscarriage, with 
case fatality rates reaching 20–30% in high-risk groups 
(Hilliard et al., 2018; Choi et al., 2018). 

	 L. monocytogenes outbreaks linked to milk and milk 
products (Table 1) reveal several key trends in product 
type, outbreak severity, and contamination pathways. 
Soft and fresh cheeses, including Brie, Queso fresco, 
Mexican-type cheese, and raw milk cheeses, were 
the most frequently implicated products. Outbreaks 
involving these products often resulted in the highest 
number of cases and deaths, reflecting their susceptibility 
to contamination and widespread consumption. For 
example, the 1985 outbreak in California associated with 
Mexican-type cheese caused 142 cases and 48 deaths 
(Linnan et al., 1988), while soft cheese outbreaks in 
Switzerland (1983–1987) and Sweden (2001) accounted 
for 122 and 120 cases, respectively (Bula et al., 1995; 
Carrique-Mas et al., 2003).

	 Pasteurized milk and pasteurized dairy products 
were also implicated in outbreaks, though typically 
with lower case numbers. Notably, the 1983 Maryland 
outbreak of pasteurized milk resulted in 49 cases and 
14 deaths (Fleming et al., 1985), highlighting that post-
pasteurization contamination remains a significant risk. 
Products such as butter, chocolate milk, ice cream, and 
fermented dairy were less frequently associated with 
outbreaks and generally resulted in fewer cases and 

fatalities (e.g., 1987 California butter: 11 cases, Not 
Reported; 2009 Lebanon Kashk: 6 cases, Not Reported) 
(FDA, 2003; Harakeh et al., 2009).

	 Geographically, outbreaks were reported across North 
America, Europe, and the Middle East, with the USA, 
France, Canada, and Switzerland experiencing multiple 
large-scale events. Multi-state outbreaks in the USA 
(2003–2007, 2020–2024) frequently involved Hispanic-
style soft cheeses and Brie/Camembert-type cheeses, 
reflecting distribution across wider regions (Smith, 2008; 
CDC, 2021).

	 Mortality trends indicate that raw milk and soft cheese 
outbreaks caused the greatest fatalities. Early high-
mortality events included the 1985 Mexican-type cheese 
outbreak in California (48 deaths) and the 1983–1987 
soft cheese outbreak in Switzerland (33 deaths) (Linnan 
et al., 1988; Bula et al., 1995). In contrast, outbreaks 
involving butter, pasteurized milk, or ice cream generally 
resulted in fewer deaths.

	 Contamination of dairy products with L. monocytogenes 
has been attributed to several factors reported in the 
literature. Raw or unpasteurized products are particularly 
susceptible due to higher bacterial loads and the absence 
of heat treatment, which allows the bacteria to survive 
and proliferate (Allerberger & Guggenbichler, 1989;  
Osman et al., 2016). Soft cheeses, characterized by 
high moisture content and nearly neutral pH, provide an 
environment favorable for bacterial growth (Linnan et 
al., 1988; Bula et al., 1995). Even pasteurized products 
are at risk through post-processing contamination, which 
can occur during handling, storage, or from equipment 
(Fleming et al., 1985; Schwartz et al., 1989). 

	 Additionally, fresh or minimally aged cheeses often 
have limited acidity and short shelf lives, which fail to 
inhibit bacterial proliferation effectively (Harakeh et 
al., 2009; Osaili et al., 2012). Together, these factors 
highlight the multiple points at which L. monocytogenes 
contamination can occur in dairy production.

	 Contamination pathways included direct shedding 
from infected animals (such as mastitis or miscarriage) 
(Osman et al., 2016), cross-contamination during 
processing, and improper storage allowing bacterial 
proliferation. Multi-country outbreaks in recent years 
(e.g., in 2023, in Europe) underscore the transboundary 
risks associated with modern distribution chains. 
Both industrial and artisanal dairy products are 
vulnerable, and the absence of mortality reporting in 
some recent outbreaks may underestimate the public 
health burden.
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Year Country / Region Type of Milk Product
No. of listeriosis 

cases and (deaths)
Reference

1979 Maryland, USA Raw milk cheese 20 (3) Ho et al., (1986)

1981 England Dairy products 11 (5) FDA (2003)

1983 Maryland, USA Pasteurized milk 49 (14) Fleming et al., (1985)

1983–1987 Switzerland Soft cheese 122 (33) Bula et al., (1995)

1985 California, USA Mexican-type cheese 142 (48) Linnan et al., (1988)

1986 Austria Unpasteurized milk 28 (5) Allerberger & Guggenbichler (1989)

1986–1987 Pennsylvania, USA Ice cream, Brie 36 (4) Schwartz et al., (1989)

1987 California, USA Butter 11 (NR) FDA (2003)

1989–1990 Denmark Blue-mold / hard cheese 26 (6) Jensen et al., (1994)

1989 Italy Soft cheese 2 (NR) Massa et al., (1990)

1991 England & Wales Soft ripened cheese 63 (NR) Greenwood et al., (1991)

1994 USA Chocolate milk 45 (NR) Dalton et al., (1997)

1995 France Soft cheese 37 (11) Goulet et al., (1995)

1997 France Soft cheese 14 (NR) Jacquet et al., (1998)

1998–1999 Finland Butter 25 (6) Lyytikäinen et al., (2000)

1999 England Cheese 2 (NR) Torner (2007)

2000 North Carolina, USA Queso fresco 12 (5) CDC (2001); MacDonald et al., (2005)

2001 Sweden Soft cheese 120 (NR) Carrique-Mas et al., (2003)

2001 Belgium Frozen ice cream 2 (NR) Yde & Genicot (2004)

2001 Japan Washed-type cheese 38 (NR) Makino et al., (2005)

2002 British Columbia, Canada Cheese 47 (NR) Pagotto et al., (2006)

2002 British Columbia, Canada Pasteurized cheese 86 (NR) Pagotto et al., (2006)

2002 Quebec, Canada Soft & semi-hard cheese 17 (NR) Gaulin et al., (2003)

2003 Texas, USA Mexican fresh cheese 13 (2) Swaminathan & Gerner-Smidt (2007)

2003–2007 USA (multi-state) Queso fresco 74 (10) Smith (2008)

2005 Brazil Minas frescal cheese 6 (NR) Brito et al., (2008)

2007 Massachusetts, USA Pasteurized milk 5 (3) CDC (2008)

2007 Ireland Farmhouse cheeses 21 (NR) O’Brien et al., (2009)

2008 Quebec, Canada Cheese 38 (2) Gilmour et al., (2010)

2008 Chile Brie cheese 119 (5) Jordan, 2016

2009 Lebanon Kashk (fermented dairy) 6 (NR) Harakeh et al., (2009)

2011 Jordan Cheese 39 (NR) Osaili et al., (2012)

2020 USA (multi-state) Hispanic-style soft cheeses 13 (1) CDC (2021)

2021 France Raw milk soft cheeses 14 (NR) Robinson et al., 2020)

2022 USA (Florida) Ice cream 23 (1) CDC (2022)

2022 USA (multi-state) Brie & Camembert-style cheese 6 (1) CDC (2022)

2023 Europe (multi-country) Raw milk soft cheeses 16 (NR) EFSA & ECDC (2023)

2024 USA (multi-state) Cottage cheese & dairy desserts 8 (NR) CDC (2024)

Table 1:	 Listeria outbreaks caused by contaminated raw milk and milk products

NR-Not Recorded
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Treatment of listeriosis 

Antibiotics are the primary therapeutic option for 
listeriosis, as no vaccines are currently available for 
its prevention. Early diagnosis of L. monocytogenes 
infection is critical due to the potentially severe outcomes 
of the disease, including septicemia, meningitis, and 
complications in pregnant women. One factor that 
complicates timely diagnosis and outbreak investigations 
is the pathogen’s unusually long incubation period, which 
can last up to 70 days. Symptoms may appear weeks after 
exposure, and thus patients often fail to accurately recall, 
the relevant details making it difficult for public health 
authorities to trace the source of infection and implement 
control measures (Dortet et al., 2009; Rhoades et al., 
2009). First-line treatments include penicillin, ampicillin, 
and gentamicin, while trimethoprim-sulfamethoxazole 
serves as an alternative for penicillin-allergic individuals. 
Erythromycin is often recommended for infected pregnant 
women, and vancomycin is used for cases of bacteremia. 
Other antibiotics, including rifampicin, doxycycline, 
chloramphenicol, and fluoroquinolones, may also be 
effective depending on the clinical context (Ramaswamy 
et al., 2007; Conter et al., 2009; Allerberger & Wagner, 
2010; Alonso-Hernando et al., 2012).

	 However, the emergence of antibiotic-resistant strains 
of L. monocytogenes in raw milk and dairy products 
has complicated the control of this pathogen and may 
compromise the effectiveness of antimicrobial therapy 
for listeriosis, thereby posing significant public health 
concerns (Basu et al., 2017; Akrami-Mohajeri et al., 
2018; Badawy et al., 2022).

Antibiotic resistance in Listeria monocytogenes

Antibiotic resistance in bacteria appears to be driven, 
in part, by the extensive and sometimes inappropriate 
use of antibiotics in both animal husbandry and human 
medicine, where they have been used not only for 
therapeutic purposes but also, in some regions, as growth 
promoters in livestock or applied without strict regulatory 
oversight (Marshall and Levy, 2011; Van Boeckel et al., 
2015; O’Neill Review on Antimicrobial Resistance, 
2016; Food and Agriculture Organization, 2016; World 
Health Organization, 2017). Exposure to sub‑therapeutic 
antibiotic levels in animal production can select for 
resistant L. monocytogenes strains, and horizontal 
gene transfer via mobile genetic elements (plasmids, 
transposons), which further facilitates acquisition of 
resistance genes. In addition, stressful conditions in 
food‑processing environments and the formation of 

biofilms can enhance survival of resistant bacteria. As 
a result, multidrug‑resistant L. monocytogenes isolates 
have been increasingly recovered from raw milk, 
pasteurized products, and other dairy foods, reducing 
the therapeutic options for listeriosis and underscoring 
the need for prudent antibiotic stewardship and ongoing 
surveillance across the farm‑to‑fork continuum.

Prevalence of antibiotic-resistant Listeria 
monocytogenes in raw milk and dairy products

Numerous studies over the past four decades have 
documented the prevalence of antibiotic-resistant L. 
monocytogenes in raw milk and dairy products (Akrami-
Mohajeri et al., 2018; Aksem et al., 2018; Badawy et 
al., 2022; Kayode & Okoh, 2022; Harshani et al., 2022).  
More recent studies have reported multidrug-resistant 
(MDR) strains in raw milk and dairy products across 
multiple regions, with resistance commonly observed 
against penicillin, ampicillin, tetracycline, oxacillin, 
and aminoglycosides (Harshani et al., 2022, 2024; 
Suryawanshi et al., 2023; He et al., 2025). Many isolates 
also harbor virulence genes, underscoring the potential 
for both antimicrobial resistance and pathogenicity to co-
exist in dairy-associated L. monocytogenes (Parussolo 
et al., 2021; Mohamed et al., 2022). 

Mechanisms of antibiotic resistance in Listeria 
monocytogenes

Antibiotic resistance in L. monocytogenes is mediated 
by a combination of intrinsic and acquired mechanisms, 
involving horizontal gene transfer, mobile genetic 
elements, active efflux systems, and genetic modifications 
affecting antibiotic targets.

(i) Plasmid- and conjugation-mediated resistance 

The acquisition of resistance genes via plasmids 
and conjugative transposons represents a major 
mechanism contributing to antimicrobial resistance 
in L. monocytogenes. Early studies demonstrated that 
resistance plasmids can be transferred between bacteria 
through conjugation (Evans & Macrina, 1983; Flamm et 
al., 1984). In addition, conjugative transposons carrying 
tetracycline resistance genes have been shown to transfer 
between Listeria species (Vicente et al., 1988). Certain 
studies indicate that such mobile elements continue to 
play a significant role in the dissemination of resistance 
traits, including fluoroquinolone resistance and multidrug 
resistance (Allen et al., 2016; Barker et al., 2025).
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(ii) Mobile genetic elements in the gastrointestinal 
tract

Horizontal gene transfer within the gastrointestinal 
tract is another important pathway for the acquisition 
of resistance. In this environment, L. monocytogenes 
interacts with a diverse microbial community, facilitating 
the exchange of genetic material. Mobile genetic elements 
such as transposons and integrative conjugative elements 
have been reported to carry resistance genes, including 
those conferring resistance to tetracycline and ampicillin 
(Charpentier & Courvalin, 1999; Aminov et al., 2001; 
Walsh et al., 2001; Périchon & Courvalin, 2009). This 
contributes to the persistence and spread of resistance 
determinants across bacterial populations.

(iii) Efflux pumps and regulatory mutations

Efflux-mediated resistance is another key mechanism 
in L. monocytogenes. Efflux pumps, particularly MdrL 
(also referred to as Mdr1), actively expel antibiotics 
from the bacterial cell, thereby reducing intracellular 
drug concentrations. Resistance to fluoroquinolones 
such as ciprofloxacin has been associated with mutations 
in regulatory genes, including fepR, which control the 
expression of efflux systems (Romanova et al., 2006; 
Guérin et al., 2014; Wilson et al., 2018). These mutations 
can lead to overexpression of efflux pumps and enhanced 
resistance.

(iv) Modification of antibiotic targets and genetic 
determinants

Modification of antibiotic target sites is a major 
mechanism underlying resistance in L. monocytogenes. 
Genetic alterations can affect structures such as ribosomal 
subunits and penicillin-binding proteins, reducing the 
binding affinity of antibiotics, particularly macrolides 
and β-lactams.

	 At the molecular level, a wide range of antimicrobial 
resistance genes have been identified in L. monocytogenes 
isolates from diverse sources. Tetracycline resistance is 
among the most frequently reported and is associated 
with genes such as tetA, tetC, tetD, tetG, tetK, and tetM 
(Srinivasan et al., 2005; Kayode et al., 2022; Parra-
Flores et al., 2022). Resistance to β-lactam antibiotics 
has been linked to genes such as ampC and blaZ, which 
may contribute to reduced susceptibility through target 
modification or enzymatic activity (Mohamed et al., 
2022; He et al., 2025).

Aminoglycoside resistance is mediated by genes 
including aph(3′)-IIa and aad6, which encode enzymes 
capable of modifying and inactivating these antibiotics 
(Kayode et al., 2022; Mohamed et al., 2022). Similarly, 
macrolide resistance involves genes such as lnuG, mphB, 
msr(A/D), and mef(A), which act through mechanisms 
including target modification, enzymatic inactivation, 
and active efflux (Barker et al., 2025; He et al., 2025).

	 In addition, other resistance determinants such as 
fosX, lin, norB, and mprF have been reported, reflecting a 
diversity of mechanisms including antibiotic inactivation, 
efflux activity, and cell membrane modification 
(Srinivasan et al., 2005; Parra-Flores et al., 2022).

(v) Multidrug resistance and environmental 
adaptation

Several studies have reported the occurrence of 
multidrug-resistant (MDR) isolates in dairy products, 
often associated with high antibiotic resistance indices 
and the ability to persist under environmental stress, 
including exposure to disinfectants (Frieri et al., 2017; 
Suryawanshi et al., 2023; Harshani et al., 2024). These 
findings highlight that both genetic determinants and 
environmental pressures play a critical role in the 
evolution and maintenance of antimicrobial resistance.
Environmental conditions encountered during food 
processing and storage significantly influence the 
development of antibiotic resistance in L. monocytogenes 
and other foodborne pathogens. A range of biological, 
physical, and chemical stresses can trigger adaptive 
responses that enhance bacterial survival and tolerance 
to antimicrobial agents (Wesche et al., 2009). A key 
regulator in this process is the sigma factor B (SigB), 
which controls stress response pathways in Gram-positive 
bacteria. In L. monocytogenes, activation of SigB has 
been linked to increased expression of genes associated 
with cell wall integrity and resistance to antibiotics such 
as vancomycin (Palmer et al., 2009; Shin et al., 2010).

	 Exposure to environmental stressors including 
fluctuations in pH, temperature, and osmotic pressure has 
been shown to increase bacterial resistance to antibiotics. 
For instance, L. monocytogenes subjected to low pH, 
high salt concentrations, or refrigeration temperatures 
demonstrates enhanced tolerance to multiple antimicrobial 
agents (Al-Nabulsi et al., 2015; Olaimat et al., 2018). 
Similarly, prior exposure to certain antibiotics, such 
as ampicillin, tetracycline (achromycin), gentamicin, 
rifampicin, and trimethoprim-sulfamethoxazole, may 
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confer cross-protection against non-lethal stresses, 
including oxidative stress and sublethal heat (Faezi 
Ghasemi and Kazemi, 2015).

	 In addition, environmental stresses commonly applied 
in food preservation such as low water activity, acidic 
conditions, and high osmotic pressure can facilitate the 
horizontal transfer of conjugative plasmids carrying 
resistance genes (Beuls et al., 2012). Starvation stress 
further enhances bacterial resistance to preservation 
methods like heat and irradiation (Mendonca et al., 
2004). Moreover, both horizontal and vertical gene 
transfer between Listeria spp. and other Gram-positive 
bacteria, including Staphylococcus and Enterococcus, 
contribute to the dissemination of antimicrobial resistance 
determinants (Charpentier and Courvalin, 1999; Lyon et 
al., 2008).

	 The use of approved food antimicrobials, such 
as sodium diacetate, potassium lactate, and nisin, 
may also influence resistance by inducing efflux 
pump activity (Stasiewicz et al., 2011). Additionally, 
natural plant-derived antimicrobials such as clove oil, 
cinnamaldehyde, and vanillin are increasingly used in 
food preservation; however, their potential to induce 
cross-protection against clinically relevant antibiotics in 
L. monocytogenes remains limited (Oussalah et al., 2005; 
Zanini et al., 2014).

	 Biofilm formation further complicates control 
strategies, as L. monocytogenes embedded within biofilms 
exhibit intrinsic resistance to disinfectants and sanitation 
procedures. Mechanisms such as exopolysaccharide 
production, persister cell formation, quorum sensing, and 
efflux pump activity enhance bacterial persistence in food 
processing environments, posing ongoing challenges for 
food safety and public health (Jahid and Ha, 2012; De 
La Fuente Nunez et al., 2013; Buchanan et al., 2017; Li 
et al., 2023).

Implications of the emergence of antibiotic-resistant 
strains of Listeria  monocytogenes in raw milk and 
milk products

The emergence of antibiotic-resistant strains of L. 
monocytogenes in raw milk and milk products presents 
a complex public health challenge with significant 
implications for food safety (Harakeh et al., 2009; Wilson 
et al., 2018). Consumption of products containing these 
strains exposes diverse populations to antibiotic-resistant 
pathogens, potentially resulting in severe and difficult-to-
treat infections, particularly among immunocompromised 
individuals, (Ramaswamy et al., 2007; Choi et al., 2018). 

The well-documented link between raw milk and milk 
products and listeriosis outbreaks further amplifies 
the risk, highlighting the need for robust public health 
interventions (Dalton et al., 1997; Osman et al., 2016). 
Moreover, the potential for horizontal gene transfer of 
antibiotic resistance genes among microbial communities 
raises broader concerns regarding the dissemination of 
resistance determinants (Charpentier & Courvalin, 1999; 
Aminov et al., 2001).

	 This scenario underscores the necessity for 
responsible antibiotic use in both clinical and agricultural 
settings, alongside effective monitoring, surveillance, 
and intervention strategies to limit the spread of 
antibiotic-resistant L. monocytogenes within the food 
supply chain (Frieri et al., 2017; Guérin et al., 2014). The 
safety of milk and dairy products is therefore a critical 
concern, as the presence of resistant Listeria strains 
threatens both consumer health and the integrity of the 
dairy industry (Noll et al., 2017; Harshani et al., 2022). 
Continuous surveillance, strong collaboration between 
food regulatory authorities and the dairy industry, and 
the adoption of innovative strategies are crucial to 
effectively mitigate this threat. Alternative antimicrobials 
such as bacteriophages, plant extracts, and essential oils 
have shown potential in controlling resistant strains, 
while advanced detection methods, including biosensor 
technologies, enable rapid and accurate identification of 
contamination (Oussalah et al., 2005; Stasiewicz et al., 
2011; Zanini et al., 2014). Predictive analytics further 
support proactive interventions, helping to prevent 
outbreaks and safeguard public health (Jahid & Ha, 
2012).

	 The integration of alternative antimicrobials, 
advanced detection techniques, and predictive tools 
represents a paradigm shift in combating antibiotic-
resistant L. monocytogenes, addressing immediate risks 
while promoting long-term food safety. Collectively, 
these strategies highlight the importance of One Health 
approaches, ongoing surveillance, stricter food safety 
regulations, and consumer education to ensure the safety 
of milk and milk products and the protection of public 
health (Buchanan et al., 2017; Li et al., 2023).

Study gaps in antibiotic resistance of Listeria  
monocytogenes in raw milk and milk products

Despite reported antibiotic resistance, critical gaps 
exist in understanding genetic mechanisms driving 
resistance development in L. monocytogenes in raw milk 
and milk products. Comprehensive studies exploring 
these pathways are inadequate for understanding how 
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L. monocytogenes acquires resistance genes, how these 
genes are transferred between strains or species, and how 
resistant strains persist and spread in dairy environments 
and the food chain.

	 Limited research on environmental conditions 
within dairy production facilities has also limited the 
understanding of the factors that influence the survival 
and persistence of antibiotic-resistant L. monocytogenes. 
Variables such as temperature fluctuations, sanitation 
practices, biofilm formation on equipment, and exposure 
to disinfectants or sub-lethal stressors can affect the 
ability of resistant strains to survive and spread, but these 
factors remain poorly characterized. Understanding 
these factors is essential for insights into resistance 
development within raw milk environments. Further 
investigations are necessary in the realm of DNA repair 
following exposure to such environmental conditions. 
Enhanced comprehension of this pathogen would advance 
our understanding of how its adaptation to anaerobiosis 
contributes to its pathogenesis (Roberts et al., 2020). 

	 There is still a significant lack of knowledge regarding 
the functions of specific proteins and their contributions 
to the pathogenesis and virulence of L. monocytogenes. 
Additionally, understanding how this information relates 
to strains obtained from various environments remains 
incomplete (Wiktorczyk-Kapischke et al., 2023).

	 Additional research is essential to quantify the release 
of antibiotics into agricultural ecosystems and to assess 
the extent of human exposure not only to antibiotics but 
also to antibiotic-resistant bacteria (ARB) and antibiotic 
resistance genes (ARGs). While much of the focus has 
been on L. monocytogenes, similar concerns apply to other 
foodborne and environmental bacterial species, including 
Escherichia coli, Salmonella spp., Staphylococcus 
aureus, and Enterococcus spp., which can acquire and 
disseminate resistance genes. Comprehensive studies 
are needed to evaluate the potential risks that antibiotics, 
ARB, and ARGs in the environment pose to human health 
and ecological systems, as well as to inform strategies 
for mitigating the spread of resistance across bacterial 
populations (Iwu et al., 2020).

	 In summary, targeted research efforts are needed to 
address these gaps in understanding antibiotic resistance 
in L. monocytogenes associated with raw milk, offering 
insights into mechanisms, drivers, and effective mitigation 
strategies.

Conclusions

In conclusion, antibiotic-resistant L. monocytogenes 
in raw milk poses significant challenges for public health, 
food safety, and the dairy industry. Resistance mechanisms, 
including mobile genetic elements and efflux pumps, 
lead to multidrug resistance. Environmental stressors 
like pH, temperature, and salt contribute to antibiotic 
resistance, highlighting the pathogen’s adaptability. 
Implications include challenges in clinical management, 
increased healthcare burdens, and strains on public health 
resources. Horizontal gene transfer underscores the need 
for comprehensive strategies, including responsible 
antibiotic use, continuous surveillance, and interventions. 
Despite progress, gaps persist in understanding genetic 
mechanisms, environmental factors, and clinical 
implications of antibiotic resistance in raw milk strains. 
Continuous surveillance, innovative strategies, and 
interdisciplinary collaboration are crucial. Alternative 
antimicrobials, advanced testing, and predictive 
analytics offer promising avenues. The convergence of 
these strategies emphasizes prevention, consumer safety, 
and dairy industry sustainability. Targeted research is 
essential to fill knowledge gaps and develop effective 
mitigation strategies for antibiotic-resistant strains in raw 
milk.

	 Based on guidance from the Food and Agriculture 
Organization (FAO) of the United Nations and the World 
Health Organization (WHO), addressing antibiotic-
resistant L. monocytogenes in raw milk and milk products 
requires coordinated, risk-based interventions across the 
food chain. Joint FAO/WHO expert reports emphasize 
strengthening integrated surveillance systems to monitor 
L. monocytogenes contamination and antimicrobial 
resistance trends in dairy production, processing 
environments, and final products (FAO/WHO, 2020; 
FAO, 2022). The adoption of a One Health approach is 
strongly recommended, recognizing the interconnected 
roles of human health, animal husbandry, food safety, 
and the environment in the emergence and dissemination 
of antimicrobial resistance (WHO, 2017; FAO/WHO, 
2021). Responsible and regulated use of antibiotics in 
livestock production, coupled with strict enforcement of 
good hygienic practices, good manufacturing practices, 
and Hazard Analysis and Critical Control Point (HACCP) 
based controls, is critical to reducing selective pressure 
that drives resistance (FAO/WHO, 2019). Furthermore, 
FAO/WHO reports advocate pasteurization as a key 
control measure and stress the importance of consumer risk 
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communication, particularly for vulnerable populations, 
regarding the hazards of raw milk consumption. 
Continued research into alternative antimicrobials, rapid 
detection tools, and updated quantitative microbial risk 
assessments is also encouraged to support evidence-based 
policy development and ensure long-term protection of 
public health and dairy food safety (FAO/WHO, 2022).
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