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Abstract

Antibiotic resistance is a significant threat to human health, and the food sector often serves as an
important reservoir of potentially pathogenic bacteria. In this context, it is important to investigate and
know the dynamics of antibiotic resistance at the level of the most frequently isolated bacteria from the
food sector. The aim of this study was to highlight the implication of antibiotic resistance in the food sector
to protect public health and to counter the emerging threats generated by bioresistance in the food sector.
Thus, we presented the role of the food sector in the spread of bioresistance, the methodology necessary
to investigate antibiotic resistance in the food sector and the importance of identifying antibiotic resistance
in bacteria isolated from food.

Rezumat

Antibiorezistenta reprezinta o amenintare semnificativa la adresa sanatatii umane, iar sectorul alimentar
serveste adesea ca un important rezervor de bacterii cu potential patogen. in acest context, este importanta
investigarea si cunoasgterea dinamicii antibiorezistentei la nivelul celor mai frecvente izolate bacterii din
sectorul alimentar. Scopul acestui studiu a fost de a evidentia implicarea antibiorezistentei in sectorul
alimentar pentru a proteja sanatatea publica si pentru a contracara amenintarile emergente generate de
biorezistentd in sectorul alimentar. Astfel, am prezentat rolul sectorului alimentar in raspandirea
biorezistentei, metolodogia necesara investigarii antibiorezistefei in sectorul alimentar si importanta
indentificarii rezistentei la antibiotice in bacteriile izolate din alimente.

Introduction This paper presents the dynamics of
antimicrobial resistance in the case of the most
Antimicrobial resistance. defined as the commonlyisolated bacteria from the food sector

ability of bacteria to survive exposure to drugs,  (Figure 1).

poses a major challenge to human health and The main objective is to highlight the

the effectiveness of medical treatments. sensitivity of these bacteria to various
The food sector, due to its complex and antibiotics and identify potential resistance

diverse nature, can serve as an important Mechanisms.

reservoir for potentially pathogenic bacteria By understanding these aspects, we aim to

and, consequently, for the development and contribute to the development of effective
spread of antibiotic resistance (2, 7). strategies for managing antimicrobial resistance

in the food industry.
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Through the collection and analysis of
samples from various food sources, we aim to
provide a detailed perspective on the current
status of antibiotic resistance in this critical
domain.

Identifying and presenting these issues
could serve as a basis for implementing more
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responsible agricultural and food practices,
thereby reducing the risk of antimicrobial
resistance spread and protecting public health
(10, 13).
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Figure 1. The most common types of antibiotic resistance by type of food product
(Source: Grudlewska-Buda, K. si col., 2023)

This work is based on the belief that
understanding the mechanisms and patterns of
antibiotic resistance in foodborne bacteria is
essential for implementing effective
management measures.

By analyzing antibiotic sensitivity profiles,
we will be able to identify antibiotics that are still
effective and, at the same time, highlight areas
where resistance is growing (9, 1,15).

This information is crucial for adapting and
optimizing treatment regimens.

Additionally, the significant variability
among different food sources draws attention to
possible  influences of  environmental,
technological, or geographical factors on the
development of antibiotic resistance
(11,16,18,28).

Another key aspect of this work is
highlighting the importance of responsible
agricultural practices.

The excessive and inappropriate use of
antibiotics in agriculture can significantly
contribute to the growth of antibiotic-resistant
foodborne bacteria.

By identifying the links between agricultural
practices and resistance levels, we can develop
guidelines and regulations to promote a balance
between agricultural needs and the need to
protect human health.
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Promoting responsible antibiotic use and
implementing sustainable practices in the food
sector are essential to ensure that this global
public health issue is addressed effectively and
sustainably (17,24,26).

In the context of an increasing threat to the
effectiveness of medical treatments,
understanding the dynamics of antibiotic
resistance in the food sector is essential,
providing valuable information for the
development of effective intervention and
control strategies.

Antibiotic resistance and its
implications for human health

Antibiotic resistance, as a biological
phenomenon, has evolved in recent decades as
a complex and pressing issue in human health.

The concept of antibiotic resistance refers
to the ability of microorganisms to resist the
action of medicinal substances, especially
antibiotics, which  generates  significant
difficulties in the treatment of infections (2,3).

The implications of antibiotic resistance for
human health are multiple and deeply
concerning.
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First, the ability of bacteria to evolve and
develop resistance to antibiotics reduces the
effectiveness of medical treatments, exposing
patients to increased risks of complications and
even death.

Additionally, antibiotic resistance has a
negative impact on the duration and costs
associated with medical care.

The spread of antibiotic resistance in the
medical community underscores the need for a
global and coordinated approach to manage
this problem and ensure the availability of
effective therapy against bacterial infections

(4,5,8).

Furthermore, antibiotic resistance has
direct implications for global public health.

The phenomenon is susceptible to

facilitating the spread of resistant infections
worldwide, due to increased population mobility
and international contacts.

This perspective underscores the need for
consolidated international cooperation to
develop effective strategies for controlling and
preventing antibiotic resistance (1,10,14).

The role of the food sector in the
spread of antibiotic resistance

The food sector plays a significant role in
the spread of antibiotic resistance, providing a
conducive environment for the development
and transmission of antibiotic resistance genes
in different environments and organisms.

This complex phenomenon involves
multiple interactions between microorganisms
present in food, the surrounding environment,
and agricultural and food practices (22,26).

The most important aspects influencing the
spread of antibiotic resistance in the food sector
are:

Excessive use of antibiotics in
agriculture: antibiotics are often used in
agricultural practices to promote animal
growth and prevent infections. This
extensive use can create a conducive
environment for the development and
selection of antibiotic-resistant bacteria.
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Transfer of resistance genes through
the food chain: antibiotic-resistant
bacteria and resistance genes can be
transferred from antibiotic-treated animals
to humans through the consumption of
contaminated food products. This
phenomenon contributes to the increased
incidence of antibiotic resistance at the
human level.

Environmental surroundings and food
contamination: the environment in which
animals are raised and food production
processes can facilitate contamination with
resistant bacteria. This may include
contamination of irrigation water, soil, and
other natural resources used in food
production.

¢ International trade of food products: In
the context of globalization, food products
can travel between countries and
continents. This trade exchange can
contribute to the spread of antibiotic-
resistant bacteria and associated genes
globally.

Inadequate food hygiene practices:
Inadequate hygiene practices in food
processing and handling can facilitate
contamination with resistant bacteria. This
may include failure to comply with hygiene
standards on farms, slaughterhouses, or in
the food production process.

The food sector is an environment where
antibiotic resistance can thrive and spread.

Addressing this issue requires special
attention to agricultural and food practices,
promoting responsible antibiotic use, improving
food hygiene, and developing control strategies
globally (12, 23).

Methodology for investigating
antibiotic resistance

Investigating the dynamics of antibiotic
resistance in the food sector requires a rigorous
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methodology for collecting samples and
evaluating the sensitivity of identified bacteria.

Selection of food sources: identification
and selection of food sources are based on their
relevance in terms of the potential transmission
of pathogenic bacteria to consumers.

This includes animal and plant products,
processed and raw products, covering a wide
range of commonly consumed foods.

Sampling process: sampling is carried out
randomly at different geographical locations
and food production units to ensure adequate
representativeness.

Samples must be collected by specialized
personnel using laboratory-approved
techniques.

Each sample must be properly identified
and recorded according to the type of food and
the place of collection. Sample collection is
done with sterile instruments to minimize the
risk of contamination.

For packaged foods, the integrity of the
packaging is ensured to avoid subsequent
contamination.

For raw food products, sampling is done at
multiple points to cover the bacterial diversity in
different regions of the product.

Transport and storage of samples: after
collection, samples must be transported to the

laboratory under controlled temperature
conditions to maintain the bacteriological
integrity.

Upon arrival, they are stored according to
laboratory standards to avoid contamination
and degradation of biological material.

Identification and documentation of
samples: in the laboratory, each sample must
undergo a rigorous process of identification and
documentation.

Relevant data, such as the type of food,
date, and place of collection, are recorded to
ensure precise and correlated tracking of
results with specific sources.
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Analysis of antibiotic sensitivity
profiles

Analysis of antibiotic sensitivity profiles is
carried out to obtain a detailed understanding of
the resistance of bacteria isolated from food
samples.

The procedure involves several well-
defined steps to ensure the accuracy and
relevance of the results:

Isolation and identification of bacteria:
before performing antibiotic sensitivity tests,
bacteria must be isolated and properly identified
at the species level.

This step involves the use of molecular and
biochemical technologies to confirm the
presence of pathogenic bacteria and ensure the
uniformity of the sample batch.

Establishing antibiotic concentrations:
the exact concentrations of antibiotics used in
tests must be established according to CLSI
(Clinical and Laboratory Standards Institute)

guidelines or other relevant international
standards.
Antibiotic susceptibility techniques:

antibiotic susceptibility tests are performed
using standardized methods such as agar
diffusion, dilution in liquid media, or automated
methods, depending on the specific bacteria
and antibiotics tested.

Special attention must be paid to CLSI
standards to ensure the comparability of results.

Interpretation and documentation of
results: Test results are interpreted according
to reference values established by international
organizations.

Detailed analysis of antibiotic sensitivity
profiles  provides essential data for
understanding the extent and diversity of
resistance among bacteria in the food sector
and can serve as a basis for recommendations
regarding responsible antibiotic use in
agricultural and food practices (25,27).
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Identification of resistance genes and
mechanisms involved

To better understand antibiotic resistance
at the molecular level and to identify resistance
genes and mechanisms involved in bacteria
isolated from the food sector, the following steps
can be taken:

Extraction of bacterial DNA: bacterial
DNA is extracted from isolated samples using
specialized extraction techniques, ensuring the
purity and integrity of the genetic material. This
process is essential to obtain reliable and
representative genetic sequences.

Genomic sequencing: the extracted DNA
undergoes genomic sequencing to obtain a
complete picture of the genetic material of
bacteria.

Bioinformatic analysis: sequence data is
analyzed using bioinformatic software to identify
antibiotic resistance genes and determine any
associated mutations.

This analysis includes comparison with
reference databases to confirm gene
identification.

Experimental validation: To validate the
results of bioinformatic analysis, experimental
tests such as PCR (Polymerase Chain
Reaction) are performed to amplify and identify
specific genes. This step is essential to confirm
the presence of resistance genes identified by
genomic sequencing.

Characterization of resistance
mechanisms: based on the information
obtained from bioinformatic analysis and
experimental validation, specific mechanisms of
antibiotic resistance are characterized.

This includes identifying the type of
resistance (efflux, enzymatic modifications,
etc.) and evaluating the expression level of the
respective genes.

Interpretation and correlation with
sensitivity profiles: the results obtained in
identifying resistance genes and mechanisms
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involved are correlated with antibiotic sensitivity
profiles.

This data integration provides a
comprehensive understanding of the genomic
and phenotypic characteristics of isolated
bacteria.

This integrated approach to identifying
resistance genes and mechanisms involved
makes a  significant  contribution  to
understanding antibiotic resistance at the
molecular level and can provide crucial
information for developing precise and targeted
strategies in managing antibiotic resistance in
the food sector (25).

The expansion of antibiotic resistance
in foodborne bacteria

The expansion of antibiotic resistance in
foodborne bacteria indicates  persistent
pressure on these microorganisms, highlighting
the need for a comprehensive and in-depth
approach to managing this phenomenon.

The identified resistance mechanisms
provide a detailed picture of how bacteria adapt
to antibiotic pressure, facilitating the
development of effective combating strategies
(26).

The expansion of antibiotic resistance in
foodborne bacteria represents a major threat to
human health, with the potential to affect the
effectiveness of treatments and increase the
risk of complications.

Close monitoring and regulation are
necessary to reduce unjustified antibiotic use in
agriculture and to promote responsible food
practices (21, 24).

The analysis of variability in resistance
among food sources has identified important
contributing factors to this phenomenon.

Agricultural practices, including antibiotic
use in animal husbandry, have been identified
as significant factors.

Additionally, differences in production
processes and food hygiene have contributed to
variation in resistance between food categories.

This detailed understanding of contributing
factors provides the necessary basis for
developing effective intervention strategies
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aimed at reducing resistance in the food sector
(14,26,19).

Implications for public health and
food practices

Antibiotic resistance in the food sector has
significant implications for public health and
food practices.

The expansion of antibiotic resistance in
foodborne bacteria represents a major threat to
human health, with the potential to affect the
effectiveness of treatments and increase the
risk of complications.

Close monitoring and regulation are
necessary to reduce unjustified antibiotic use in
agriculture and to promote responsible food
practices (9, 15).

Numerous previous studies have made
significant contributions to understanding
antibiotic resistance in the food sector.

These researches have examined various
aspects, including antibiotic resistance profiles
of bacteria isolated from foods, the impact of
agricultural practices on resistance
development, and the implications of this
resistance for human health.

The study conducted by Elder et al. in 2016
explores antibiotic resistance in foodborne
pathogens, emphasizing the need for a global
approach to managing this issue.

The authors highlight the links between
antibiotic use in agriculture and the spread of
resistance worldwide (9).

Additionally, Mukherjee et al. (2020)
investigate the impact of agricultural practices,
particularly soil irrigation, on the development of
antibiotic resistance in Escherichia coli,
exploring connections between irrigation water
use and resistance emergence (20).

Research on antibiotic resistance in E. coli
is complemented by Caruso in 2018, who
analyzes antibiotic resistance in Escherichia
coli isolated from farm animals, examining the
evolution of resistance to various classes of
antibiotics and highlighting the importance of
constant monitoring in the agricultural sector

(6).
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Another study that contributed to
understanding antibiotic resistance in the food
sector is "Antibiotic Resistance in Foodborne
Bacteria - An Emerging Public Health Problem,"
in which author Komolafe examines antibiotic
resistance in foodborne bacteria and highlights
the magnitude of the problem as an emerging
threat to public health, emphasizing the need for
an interdisciplinary approach to counteract this
problem (17).

Conclusions

Understanding the dynamics of antibiotic
resistance in the food sector is essential for
implementing new strategies for managing
antibiotic resistance.

The adoption of responsible agricultural
practices and rational antibiotic use is
necessary to reduce selective pressure on
bacteria, thereby minimizing the risk of
resistance expansion.

These measures are imperative for
protecting public health and for effectively

managing a phenomenon evolving in a
continuously changing food context.
Continuous  monitoring of  antibiotic

resistance in the food sector is a key element in
our efforts to anticipate and manage these
emerging threats to human health.

References

Abdelrazik E., El-Hadidi M. (2023).
Tracking Antibiotic Resistance from the
Environment to Human Health. Methods
Mol Biol, 2649:289-301. doi: 10.1007/978-
1-0716-3072-3_15.

2. Anderson, J.M. (2018). Antibiotic
Resistance in Foodborne Pathogens: A
Comprehensive Review Editura
Academica, Metropolis.

3. Andersson, D.l, Hughes, D. (2014).
Microbiological effects of sublethal levels
of antibiotics. Nature Reviews
Microbiology, 12(7), 465-478.

4. Bush, K., Courvalin, P., Dantas, G.,

Davies, J., Eisenstein, B., Huovinen, P.,
Paterson, D.L. (2011). Tackling antibiotic



Adrian Radulescu et al.

10.

1.

12,

13.

resistance. Nature Reviews Microbiology,
9(12), 894-896.

Carlet, J., Pulcini, C., Piddock, L. J., &
members of the WHO Advisory Group
on Integrated Surveillance of
Antimicrobial Resistance (2018).
Antibiotic resistance: a geopolitical issue.
Clinical Microbiology and Infection, 24(9),
808-810.

Caruso, G. (2018). Antibiotic Resistance
in Escherichia coli from Farm Livestock
and Related Analytical Methods: A
Review. Journal of AOAC International,
101, 4, 916-922,
https://doi.org/10.5740/jaocacint.17-0445
Clark, R.L. (2019). Sustainable Practices

in  Agriculture:  Mitigating  Antibiotic
Resistance in Livestock Editura
EcoSolutions, Ecotown.

Cristina, R.T. (2023). Despre:

antibiorezistenta Tn medicina Veterinara.
Veterianry Drug, 17(2), 3-8.

Elder, D.P., Kuentz, M., Holm, R. (2016).
Antibiotic Resistance: The Need For a
Global  Strategy. J Pharm  Sci.,
105(8):2278-87. doi:
10.1016/j.xphs.2016.06.002. Epub 2016
Jul 7. PMID: 27397433.

Garcia, A.P. (2017). Emerging Trends in
Antibiotic Resistance: Implications for

Food Safety Editura Global Science,
Megacity.
Grudlewska-Buda, K., Bauza-

Kaszewska, J., Wiktorczyk-Kapischke,

N., Budzynska, A., Gospodarek-
Komkowska, E., Skowron, K. (2023).
Antibiotic  Resistance in  Selected

Emerging Bacterial Foodborne Pathogens-
An Issue of Concern? Antibiotics (Basel),

9, 12(5):880. doi:
10.3390/antibiotics 12050880. PMID:
37237783; PMCID: PMC10215942.

Harrison, S.K. (2016). Agricultural

Antibiotics and Human Health: A Cross-
Disciplinary Perspective Editura Harmony
Press, Nexus City.

Holmes, A.H., Moore, L.S., Sundsfjord,
A., Steinbakk, M., Regmi, S., Karkey, A.,
Piddock, L.J. (2016). Understanding the
mechanisms and drivers of antimicrobial

52

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Medicamentul Veterinar / Veterinary Drug

Vol. 18(1); May - June 2024

resistance. The Lancet, 387(10014), 176-
187.

Huemer M., Mairpady Shambat S.,
Brugger S.D., Zinkernagel A.S. (2020).

Antibiotic resistance and persistence-
Implications for human health and
treatment perspectives. EMBO Rep.,
21(12), e€51034. doi:

10.15252/embr.202051034.

Jones, M.E. (2020). From Farm to Fork:
Understanding Antibiotic Resistance in the
Food Supply Chain Editura AgriTech,
Agriville.

King, L.N. (2018). Regulatory Approaches
to Antibiotic Use in Agriculture: Global

Perspectives Editura  RegulareBooks,
Capitol City.
Komolafe, ©0.0. (2003). Antibiotic

resistance in bacteria - an emerging public
health problem. Malawi Med J, 15(2):63-7.

doi:  10.4314/mmj.v15i2.10780. PMID:
27528961; PMCID: PMC3345436.
Larsson D.G.J., Flach C.F. (2022).

Antibiotic resistance in the environment.
Nat Rev Microbiol, 20(5), 257-269. doi:
10.1038/s41579-021-00649-x.

Miller, P. R. (2017). Microbial Ecology of
Antibiotic Resistance Genes in
Agroecosystems Editura BioDynamics,
Bioville.

Mukherjee, M., Gentry, T., Mjelde, H.,
Brooks, J.P., Harmel, D., Gregory, L.,
Wagner, K. (2020). Escherichia coli
Antimicrobial Resistance Variability in
Water Runoff and Soil from a Remnant
Native Prairie, an Improved Pasture, and a
Cultivated Agricultural Watershed. Water.
12(5):1251.
https://doi.org/10.3390/w12051251
O'Neill, J. (2016). Tackling Drug-Resistant
Infections Globally: Final Report and
Recommendations. Review on
Antimicrobial Resistance.

Prestinaci, F., Pezzotti, P., Pantosti, A.
(2015). Antimicrobial resistance: a global
multifaceted phenomenon. Pathogens and
Global Health, 109(7), 309-318.

Roberts, H.Q. (2019). One Health
Strategies for Combating  Antibiotic
Resistance: Integrating Human and Animal



Adrian Radulescu et al. Medicamentul Veterinar / Veterinary Drug

Vol. 18(1); May - June 2024

Health Editura OneHealth Publishing,
Unity Town.

24. Smith, D.F. (2020). Antibiotic Stewardship
in Food Production: Challenges and
Opportunities Editura SustainPrint,
Greenburg.

25. Spellberg, B., Blaser, M., Guidos, R.J.,
Boucher, HW., Bradley, J.S,,
Eisenstein, B.l., Gilbert, D.N. (2016).
Combating  Antimicrobial  Resistance:
Policy Recommendations to Save Lives.
Clinical Infectious Diseases, 62(4), 479-
483.

26. Taylor, E.S. (2016). Genomic Insights into
Antibiotic Resistance Mechanisms in
Foodborne Bacteria Editura GenomeHub,
Genetropolis, 2016.

27. Ventola, C.L. (2015). The Antibiotic
Resistance Crisis: Part 2: Management
Strategies and New Agents. Pharmacy
and Therapeutics, 40(5), 344.

28. XiaoR.,HuangD.,DulL.,SongB., YinL.,
Chen Y., Gao L., Li R, Huang H., Zeng
G. (2023). Antibiotic resistance in soil-plant
systems: A review of the source,
dissemination, influence factors, and
potential exposure risks. Sci Total Environ.
Apr 15, 869:161855. doi: 10.1016/
j.scitotenv.2023.161855.

53



