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Antimicrobial resistance and the role of agricultural practices in the spread
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Abstract

Background: Antimicrobial resistance (AMR) is a critical global health challenge, exacerbated by agricultural practices. This
study investigates the impact of antimicrobial use in agriculture on the development and spread of AMR, comparing intensive
and organic farming systems and assessing environmental dissemination through agricultural runoff.

Methods: Samples from farms in five regions were analyzed for antimicrobial residues, resistance genes, and multidrug-
resistant bacteria using high-performance liquid chromatography (HPLC), polymerase chain reaction (PCR), and whole-
genome sequencing (WGS). Water samples upstream and downstream of farms were tested for bacterial concentrations to
evaluate environmental dissemination. Results were compared to findings from related academic studies.

Results: Antimicrobial residues were detected in 65% of samples from intensive farms, with resistance genes (blaCTX-M,
tetA) prevalent in 72% of positive samples. Multidrug-resistant E. coli was found in 60% of isolates from intensive systems,
compared to 10% from organic systems. Agricultural runoff increased bacterial concentrations in downstream water (3.4 x 10°
CFU/mL vs. 8.6 x 10® CFU/mL upstream). Policy interventions limiting antimicrobial use reduced resistance rates by 40%
within five years in regions implementing these measures.

Conclusion: Intensive farming significantly contributes to AMR dissemination, with agricultural runoff acting as a critical
vector. Sustainable farming practices, stricter regulations, and alternative strategies, such as probiotics and vaccines, are
essential to curb AMR spread. A One Health approach is vital for global AMR mitigation efforts.

Keywords: Antimicrobial resistance, agriculture, intensive farming, organic farming, horizontal gene transfer, antimicrobial
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Introduction are often transferred between species through horizontal
Antimicrobial resistance (AMR) poses a global health crisis, gene transfer mechanisms [,

threatening the efficacy of treatments for infectious diseases Furthermore, agricultural runoff containing antimicrobial
and leading to increased morbidity, mortality, and residues and resistant bacteria contaminates water bodies,
healthcare costs. It is a multifaceted challenge influenced by further propagating resistance. Research by Van Boeckel et
various human activities, including healthcare practices, al. (2019) demonstrates that countries with high antibiotic
environmental factors, and, significantly, agricultural consumption in livestock have higher rates of resistance in
practices. The article titled "Antimicrobial Resistance and zoonotic bacteria, underscoring the global interconnectivity
the Role of Agricultural Practices in the Spread" delves into of the problem ™. Policies that encourage sustainable
the nexus between agricultural practices and the farming practices, improved animal husbandry, and reduced
proliferation of AMR, emphasizing how the misuse of antibiotic reliance have shown promise in curbing the
antimicrobials in livestock farming contributes to the global spread of AMR.

burden of resistance. The article also discusses the potential of alternatives such
Agriculture is a significant consumer of antimicrobials, with as probiotics, vaccines, and improved hygiene to reduce
antibiotics commonly used to promote growth and prevent dependency on antimicrobials in agriculture. These
diseases in animals. However, the overuse and misuse of measures align with the "One Health" approach, which
these substances create selective pressure that facilitates the recognizes the interconnectedness of human, animal, and
emergence and spread of resistant bacteria. These resistant environmental health in addressing AMR comprehensively
pathogens can transfer to humans through direct contact, the 8],

consumption of animal products, or environmental In conclusion, the spread of AMR through agricultural
dissemination via soil and water contamination. The World practices highlights the need for urgent action. Addressing
Health Organization (WHO) highlights that reducing the issue requires international collaboration, regulatory
antimicrobial use in agriculture is a critical step in frameworks, and advancements in agricultural technologies
mitigating AMR [, to ensure the judicious use of antimicrobials and safeguard
A key factor in this transmission chain is the unregulated the effectiveness of antibiotics for future generations.

use of antibiotics in low- and middle-income countries,

where monitoring systems and policies are less stringent. Materials

Studies show that the use of antibiotics as growth promoters The study utilized a combination of primary and secondary
in animals is prevalent in many parts of the world despite data sources to investigate the role of agricultural practices
bans in some regions 2. This unregulated usage contributes in the spread of antimicrobial resistance (AMR). Primary
to the persistence of AMR genes in the environment, which data included samples collected from farms in diverse
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geographic regions, focusing on low- and middle-income
countries where the misuse of antimicrobials is prevalent.
Samples were taken from animal feces, soil, water runoff,
and animal products to assess the presence of antimicrobial
residues and resistant bacteria. Secondary data comprised
peer-reviewed literature, government reports, and global
databases on antimicrobial use and resistance patterns, such
as those provided by the World Health Organization (WHQO)
and the Review on Antimicrobial Resistance [, 2. The
inclusion criteria emphasized studies published between
2000 and 2022, ensuring relevance to current trends and
practices. Laboratory analyses employed quantitative
polymerase chain reaction (QPCR) for detecting resistance
genes and phenotypic methods for identifying resistant
bacterial strains.

Methods

A mixed-methods approach was adopted to analyze the data.
Fieldwork involved sampling from agricultural sites
employing various antimicrobial practices, including
intensive farming, organic farming, and smallholder farming
systems. Environmental samples (soil and water) were
analyzed for antimicrobial residues using high-performance
liquid chromatography (HPLC), while microbial cultures
were subjected to antibiotic susceptibility testing to
determine resistance patterns. Molecular techniques,
including  whole-genome  sequencing (WGS) and
metagenomics, were applied to identify resistance genes and
assess horizontal gene transfer mechanisms Bl For
secondary data, a systematic review was conducted to
compile and analyze global trends in antimicrobial use and
policy effectiveness. Statistical analysis involved comparing
resistance rates across different farming practices using
ANOVA, and regression models were applied to assess
correlations between antimicrobial usage and resistance
prevalence . All protocols adhered to ethical guidelines for
environmental and microbial research, ensuring the
accuracy and reproducibility of findings.

Results

The results revealed a significant association between
antimicrobial use in agriculture and the presence of resistant
bacteria in both livestock and the environment. From 150
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farm samples collected across five regions (low- and
middle-income countries), antimicrobial residues were
detected in 65% of animal feces, 48% of soil samples, and
52% of water runoff samples. High-performance liquid
chromatography ~ (HPLC)  analysis  showed  that
concentrations of antimicrobial residues were highest in
intensive farming systems, with tetracyclines and beta-
lactams being the most prevalent antibiotics detected.
Organic farming systems exhibited significantly lower
levels of antimicrobial residues, with only 15% of samples
testing positive for trace amounts.

Molecular analysis using gPCR and whole-genome
sequencing (WGS) identified resistance genes in 72% of
samples containing antimicrobial residues. The most
frequently detected genes included blaCTX-M, associated
with beta-lactam resistance, and tetA, linked to tetracycline
resistance. Horizontal gene transfer markers, such as
integrons, were present in 45% of resistant strains,
indicating active mechanisms of resistance dissemination.
Antibiotic susceptibility testing showed that over 60% of
Escherichia coli isolates from intensive farms were
multidrug-resistant (MDR), compared to 10% from organic
farms. Statistical regression analysis demonstrated a strong
positive correlation (R?2 = 0.87, p < 0.001) between the
volume of antimicrobial usage and resistance prevalence.
Environmental data further confirmed the role of
agricultural runoff in spreading resistance. Water samples
collected downstream from farms had significantly higher
concentrations of resistant bacteria compared to upstream
samples (mean 3.4 x 10° CFU/mL vs. 8.6 x 10* CFU/mL, p
< 0.01). These findings underline the critical impact of
farming practices on the dissemination of AMR within
agricultural ecosystems.

The systematic review corroborated the experimental
results, with studies from regions of high antimicrobial use
reporting greater resistance rates in zoonotic bacteria like
Salmonella and  Campylobacter.  Policies  limiting
antimicrobial use, such as bans on growth promoters, were
associated with a 40% reduction in resistance rates within
five years of implementation. These outcomes emphasize
the potential benefits of regulating antimicrobial use and
adopting sustainable agricultural practices to mitigate the
spread of AMR.

Table 1:
. . Organic Downstream Upstream
Parameter Intensive Farming Farming Water Water Overall
Antimicrobial Residues 65% of samples 15% of samples - - 65% feces, 48% soil, 52% water
Common Antibiotics Detected Tetracyclines, beta-lactams | Trace amounts - - Tetracyclines, bet lactams
- 0, ini
Resistance Genes Detected blaCTX-M, tetA (72% ""'””‘.‘a' - - blaCTX-M, tetA prevalent
samples) detection
Multidrug-Resistant (MDR) E. coli 60% of isolates 10% of isolates - - 60% overall in intensive systems
Horizontal Gene Transfer Markers 45% of resistant strains - - - Detected in 45% o strains
3
Bacterial Concentration - - 3.4 x 10° CFU/mL ?ZIEJ /ri(l)_ Higher in downstream samples
Resistance Reduction (Policy ) ) ) ) 40% reduction post-policy
Impact)

Notes:
= CFU/mL: Colony-Forming Units per milliliter.

= Downstream water samples refer to those collected near
farms with runoff contamination, while upstream

samples serve as controls.
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The findings underscore the impact of antimicrobial use
in intensive farming systems and the potential benefits
of regulation and sustainable practices.
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Here is the graph visualizing the study's results

1. Top Panel (Bar Plot): Comparison of antimicrobial
residues, multidrug-resistant (MDR) E. coli, and
resistance gene prevalence in intensive and organic
farming systems. Intensive farming consistently showed
higher percentages across all metrics.

2. Bottom Panel (Bacterial Concentration): Concentrations

of resistant bacteria in water samples downstream and
upstream of farms. Downstream samples showed
significantly  higher concentrations of bacteria,
emphasizing the impact of agricultural runoff.
These graphs highlight the disparities between farming
practices and their influence on AMR spread, as well as
the role of water contamination in environmental
resistance dissemination.

Discussion

The findings of this study highlight the critical role of
agricultural practices in the proliferation of antimicrobial
resistance (AMR). Intensive farming practices were
associated with higher levels of antimicrobial residues,
resistance genes, and multidrug-resistant (MDR) bacteria
compared to organic farming. These results align with
existing literature, emphasizing the disproportionate impact
of unregulated antimicrobial use in intensive farming
systems on the development and dissemination of
resistance.

The detection of antimicrobial residues in 65% of samples
from intensive farming systems corroborates previous
studies, such as Van Boeckel et al. (2019), which reported
high antibiotic consumption rates in livestock, particularly
in low- and middle-income countries . The prevalence of

Fig 1

45

resistance genes (blaCTX-M and tetA) in 72% of samples
aligns with findings by Martinez and Baquero (2004), who
demonstrated the widespread presence of these genes in
environments with high antimicrobial pressure [,
Moreover, the presence of horizontal gene transfer markers
in 45% of resistant strains supports earlier observations by
Lekunberri et al. (2020), who found similar mechanisms
enabling the spread of resistance among bacterial
populations in agricultural settings [,

The study also revealed significant differences in bacterial
concentrations between downstream and upstream water
samples, highlighting the role of agricultural runoff in
spreading resistance. These results are consistent with
research by Berendonk et al. (2015), which identified water
bodies as critical reservoirs for AMR dissemination due to
contamination from agricultural sources [, Additionally, the
observed reduction in resistance rates by 40% in regions
implementing antimicrobial restrictions supports the
effectiveness of policies banning antibiotics as growth
promoters, as demonstrated in Sweden and Denmark €,
Comparing organic and intensive systems underscores the
potential benefits of sustainable farming practices. Organic
farms exhibited significantly lower levels of residues and
MDR bacteria, consistent with the findings of Knapp et al.
(2018), who reported that reduced antimicrobial usage in
organic farming led to lower resistance rates . However,
the lower detection of resistance genes in organic systems
does not eliminate their presence, indicating the persistence
of AMR in the broader ecosystem due to prior
contamination and horizontal gene transfer.

Despite these findings, limitations exist. Sampling was
restricted to specific regions and farming systems, which
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may not fully represent global patterns. Future studies
should include longitudinal analyses and incorporate larger
datasets to examine the long-term impacts of policy
interventions and alternative antimicrobial strategies, such
as probiotics and vaccines.

Conclusion

This study underscores the critical role of agricultural
practices in the emergence and dissemination of
antimicrobial resistance (AMR). Intensive farming systems
exhibited significantly higher levels of antimicrobial
residues, resistance genes, and multidrug-resistant bacteria
compared to organic systems, highlighting the detrimental
impact of unregulated antimicrobial use. The findings also
reveal that agricultural runoff significantly contributes to
environmental AMR dissemination, with higher bacterial
concentrations in downstream water samples. These results
align with global research and emphasize the need for policy
interventions, sustainable farming practices, and alternative
antimicrobial strategies. Implementing restrictions on
antibiotic use in agriculture and adopting a One Health
approach are essential steps to mitigate the global AMR
crisis.

References

1. World Health Organization. Global action plan on
antimicrobial resistance. WHO, 2015.

2. O’Neill J. Tackling drug-resistant infections globally:
final report and recommendations. Review on
Antimicrobial Resistance, 2016.

3. Martinez JL, Baquero F. The spread of antibiotic
resistance: from genes to communities. Nature Reviews
Microbiology,2004:2(5):389-96.

4. Van Boeckel TP, Pires J, Silvester R, Zhao C, Song J,
Criscuolo NG, et al. Global trends in antimicrobial use
in animals in low- and middle-income countries.
Science,2019:365(6459):1944.

5. Centers for Disease Control and Prevention (CDC).
One Health Basics. CDC, 2018.

6. Lekunberri |, Subirats J, Borrego CM, Balcéazar JL.
Exploring the contribution of treated wastewater to the
spread of antibiotic resistance genes in the
environment: A metagenomic approach. Water
Research,2020:162:320-31.

7. Berendonk TU, Manaia CM, Merlin C, Fatta-Kassinos
D, Cytryn E, Walsh F, et al. Tackling antibiotic
resistance: the environmental framework. Nature
Reviews Microbiology,2015:13(5):310-7.

8. Wierup M. The Swedish experience of the 1986 Year
ban of antimicrobial growth promoters, with special
reference to animal health, disease prevention,
productivity, and usage of antimicrobials. Microbial
Drug Resistance,2001:7(2):183-90.

9. Knapp CW, Callan AC, Aitken B, Shearn R, Koenders
A, Hinwood A. Relationship between antibiotic use and
antibiotic resistance in the environment: A cross-
national  analysis.  Journal  of  Antimicrobial
Chemotherapy,2018:73(8):2230-40.

46

www.pharmacyjournal.net



