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Abstract: Antimicrobic resistance (AMR) is a world health crisis that demand surveillance
frameworks. Despite their office in AMR dynamics, while and animal microbiomes have been
studied, soil microbiomes remain. Accentuate development, core themes such as taxonomy and
resistance mechanisms; and the challenge of concord soil data with be systems, this revaluation
explore the integration of grunge microbiome health into worldwide AMR surveillance frameworks.
To bridge, future perspectives spotlight prognosticative moulding and interdisciplinary near this
gap. By address and analytic barrier, this paper advocates for a holistic AMR surveillance model
that includes soil microbiomes.
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1. Introduction
1.1. Context and Importance

Antimicrobic resistance has emerged as one of the most critical threat to health, food
security, and sustainable development. To supervise clinical and scene, in response,
international surveillance frameworks have been launch, centre heavily on human
pathogen and stock-colligate immune bacterium. These conventional monitoring systems
systematically overlook the reservoir of opposition, especially the soil microbiome [1]. As,
foundational ecosystem where antimicrobic resistance genes naturally uprise, persist,
soils act and are interchange among divers microbial community through gene transfer.
Anthropogenetic pressure, such as the application of waste and handle effluent, aggravate
the enrichment of these environmental gene pools. The unrelenting underrepresentation
of soil environments in worldwide surveillance networks create a unsighted place in
current public health paradigms [2]. This skip essentially limits our capacity to compass
the transmission dynamics of resistance and to contrive, ecologically incorporate
mitigation strategies [3, 4].

1.2. Scope of the Review

This review delineate the conceptual and bound of incorporate soil wellness into be
global antimicrobic resistance surveillance frameworks [5]. On value how
anthropogenetic soil ecosystem disturbances act as reservoir and conduit for resistance
dissemination into clinical and agricultural scene, than cataloging distinct resistance
genes, the primary direction is position. From the ecologic dynamics of grease, the
subsequent sections consistently progress resistomes to a scrutiny of the structural
limitations in anthropocentric surveillance models [2]. Follow this review, the tale
indubitably synthesise emerge and bioinformatic methodology that are unambiguously
of capture complex environmental resistance signals at a -ecologic scale [4, 6]. The
revaluation veritably make a unite, scalable operational model designed to agree
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environmental soil monitoring with traditional human and veterinary data streams, place
critical knowledge gaps and policy priorities necessary for a comprehensive One Health
response.

1.3. Historical Overview

Evolution of AMR Surveillance: In clinical imperative and immediate public health
threats, the trajectory of resistance surveillance has been anchored [7]. As illustrated in
Figure 1, the timeline of AMR surveillance evolution began with initial microbiome
studies, focusing only on morbific isolates within hospital settings to head empiric
therapy. Over time, recognise the interconnection of pathogen transmission, frameworks
expanded to integrate animal microbiomes. This polar shift mark a passage toward a
broad ecological savvy, yet the logical progression remained toward host-connect
environments. The fig highlights a enunciate chronological gap between the inclusion of
animal microbiomes and the emerging soil microbiome interest. Despite terrestrial
ecosystem function as the primary evolutionary reservoir for ancient resistance
determinants, their desegregation into surveillance architectures has been conspicuously
absent [8, 9]. To academic wonder than operational surveillance, the relationship render
in the timeline demonstrate that while and animal field developed robust, standardised
monitoring networks, the soil microbiome was submit. Leave a dimension structurally
disconnect from constituted framework, this historical omission has created a
foundational unsighted spot in global resistance monitoring.

Initial Human Microbiome
Studies

A

Inclusion of Animal

Microbiomes

Emerging Soil Microbiome
Interest

N

Chronological Gap in Soil
Microbiome Integration

Figure 1. Timeline of AMR Surveillance Evolution

1.4. Current Challenges in Soil Microbiome Research

The exclusion of soil microbiomes from resistance surveillance is frozen in and
analytic restraint [7, 10]. Soil represents one of the most and heterogeneous matrix on
Earth, presenting significant obstruction for standardised acid extraction. Inhibitory
compound, include humic acid, ofttimes co-pull with microbic DNA, conduct to poor
downstream sequence performance and quantitative assessment of resistance gene
abundances. Beyond extraction difficulties, analytic frameworks have struggle to parse
the Brobdingnagian variety of environmental resistomes [10, 11]. Often ensue in an
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Relative Abundance (%)

overestimation of transmission risks to human pathogen, severalise between intrinsic soil
resistance mechanisms and clinically wandering transmissible elements remain
technically challenging. On database that lacked representation of environmental taxa,
early bioinformatic pipeline rely heavily, causing a spot for resistance determinants native
to stain ecosystem. The absence of sampling protocols across alter soil types and part has
further heighten these issue, foreclose the desegregation of disparate soil datasets into
cohesive models [12]. Accordingly, these heighten proficient bottlenecks have submit soil
microbiome monitoring to a position within public health frameworks [2, 3].

2. Microbial Taxonomy in Soil
2.1. Diversity of Soil Microbiomes

Go as a complex ecological network where community drive fundamental
biogeochemical processes, the soil microbiome correspond one of the most taxonomically
reservoirs of life on Earth. As phylogenetically taxon inherently entertain unique array of
resistance determinants, this vast taxonomic variety dictate the composition of the soil
resistome. As illustrated in Figure 2, the relationship between laterality and diversity is
delineate, with Actinobacteria comprising approximately forty percent of the comparative
teemingness, followed by Proteobacteria at thirty pct, and a heterogenous mixture of other
phylum accounting for the remain thirty pct. This yet extremely divers distribution
emphasise the role that specific bacterial origin play in launch baseline resistance profiles
within terrene ecosystem [6].

Bar Chart of Soil Microbial Diversity by Taxonomic Groups
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Figure 2. Bar Chart of Soil Microbial Diversity by Taxonomic Groups

The numeric laterality of Actinobacteria is particularly important for resistance
surveillance. Because this phylum comprehend the vast bulk of naturally occur -produce
bacterium, its high teemingness, correspond as Pactinobacteria = 0-40 , inherently jibe to a
concentrated reservoir of intrinsical resistance genes. As evolutionary precursors, these
self-resistance mechanisms, thereby this have germinate over millennia to protect produce
being from their own metabolic outputs, serve to modern clinical opposition [1].
Conversely, the significant representation of Proteobacteria present a dimension to the
soil resistome. Oft acting as a span for summon resistance elements between bacterium
and opportunistic human pathogens, this phylum is characterize by high malleability and
a say tendency for horizontal gene transfer [2, 9]. The rest thirty percent of microbic
multifariousness, comprise taxon such as Acidobacteria, Firmicutes, and Verrucomicrobia,
contributes an largeness of supplementary resistance mechanisms [10]. The trend show in
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Figure 2, present that high overall multifariousness correlates with resistance mechanisms,
highlight a key ecological rule: cornucopia move as an indicator of redundancy in
resistance pathways. For this natural baseline. Accordingly, any surveillance framework
attempting to supervise environmental opposition must foremost account. Neglect to
contextualize clinical resistance genes within the broad systematic construction of the soil
microbiome risk mischaracterizing intrinsical resistance as emerge anthropogenetic threat,
thereby obscuring the true pathway of resistance dissemination.

2.2. Resistance Mechanisms in Soil Microbiomes

As vast reservoir of antimicrobic resistance mechanisms, many of which develop
long before the entry of semisynthetic antibiotic, soil microbiomes function. Across
microbic taxon, these intrinsical and acquired defenses are not uniformly dispense but are
instead extremely stratify ground on ecologic niche and evolutionary history [4]. As detail
in Table 1, the distribution of these resistance mechanisms reveal a preconception.
Account for sixty pct of place mechanism and preponderantly connect with Proteobacteria,
specifically, efflux pumps correspond the most strategy. This wide-spectrum defense
system indubitably permit these omnipresent soil organisms to expel toxic compounds,
include course occur antibiotics and pollutant, furnish a various baseline resistance that
is co-prefer for multidrug resistance.

Table 1. Comparison of Resistance Mechanisms in Soil Microbiomes

Resistance  Dominant  Frequency Key Horizontal Environme
Mechanism Phylum (%) Features Gene ntal
Transfer Pressure
Likelihood Impact
Pump Proteobacte 60+2 Broad- High Strongly co-
ria spectrum (Plasmids,  selected by
defense, Transposon heavy
expel toxic s) metals and
compounds biocides
Enzymatic ~ Actinobacte 301 enzyme Drive by
Degradatio ria forbid production
n autotoxicity
Target Assorted 6.5+0.3 Alters stick Low Limited
Modificatio Groups sites to environmen
n dodge tal influence
antibiotics
Barrier Grouping 35+0.2 Modifies Low Minor co-
Alterations cell pick by
permeabilit pollutant
y to curb
entry

Following efflux pumps, enzymatic debasement be thirty percent of the find
resistance mechanisms, a mapping driven by Actinobacteria. Because Actinobacteria are
producer of antimicrobic compound, they have necessarily germinate robust self-
resistance strategies, as the expression of various hydrolytic enzymes, to forbid
autotoxicity. The rest ten pct of mechanisms comprehend a divers array of strategy,
include target modification and barrier alterations, distributed across motley grouping [7].
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The prepotency of efflux pumps and enzymatic degradation in these specific phylum
carry profound implications for world resistance transmission. Pump genes are frequently
locate on roving transmitted elements, as plasmid and transposon. This alleviate
horizontal gene transfer across disparate soil community. When environmental pressure,
such as agricultural runoff contain heavy metal or biocides, are employ, these wandering
elements can be strongly co-take. Accordingly, the high oftenness of these mechanisms in
stain-dominant phylum create a continuous conduit for resistance genes to transmigrate
from environmental reservoir into human-link microbiomes via the food chain or water
systems. As it spotlight the microbic intersection where point soil health interventions
could most efficaciously interrupt the transmission pipeline to clinical settings,
understanding the taxonomic fix of these mechanism is thus critical.

3. Integrating Soil Microbiomes into AMR Surveillance
3.1. Methodological Approaches

Found a robust pipeline is preponderating for interpret complex soil microbiome
information into actionable antimicrobic resistance surveillance metrics [8]. As illustrate
in Figure 3, the integration of soil microbiomes into these framework bank on a, workflow
start with soil sampling and climax in comprehensive data analysis. The initial stage, Step
1, dictates the ecological rigour of the entire surveillance effort. Soil sampling requires
stratify spacial designing to account for edaphic heterogeneity, incorporating variable
such as land use, soil depth [5]. And seasonal moisture gradients to ensure the seizure of
environmental resistomes [9].

Step 1
Soil Sampling

Step 2
DNA Extraction

A 4

Step 3
Sequencing

A 4

Step 4
Data Analysis

Figure 3. Flowchart of Soil Microbiome Integration Steps

Follow field collection, Step 2 address DNA extraction. This remain a primary
chokepoint due to the complex chemical matrix of grunge [8]. Efficient lysis of microbic
cell must be equilibrise with the tight remotion of co-extracted polymerase chain reaction
inhibitors, especially humic acid, to prevent data loss. To Step 3. This involves sequence,
the workflow then progress. Old research indicate a paradigm shift from targeted
amplicon sequence toward shotgun metagenomic approaches. While amplicon methods
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clarify taxonomic structures, shotgun sequencing is for direct accessing the functional
resistome, enable the sensing of resistance genes and their link elements that drive gene
transfer.

The terminal node, Step 4, comprehend data analysis, demand harmonized
bioinformatics pipelines to process immense metagenomic datasets. Standardised
notation against curated databases is to render raw sequence into resistance gene profiles.
To render soil data comparable across world surveillance networks, gene abundances
must be rigorously normalized, typically evince as the ratio of resistance gene copies to

n . . .
general -copy marker genes, compute as r = % . This grapevine assure that soil
16S

microbiome information are not profiles but are transform into, quantitative metrics
capable of being direct incorporate into overarch public wellness resistance monitoring
systems.

3.2. Data Harmonization Challenges

The desegregation of grunge microbiome information into established antimicrobic
resistance surveillance frameworks is essentially hindered by wicked interoperability
bottlenecks. Be world AMR databases are architecturally design to treat isolated clinical
pathogen genomes, rely on, phenotypically formalize parameter. In contrast, stain
metagenomic datasets unmistakably are inherently, comprise millions of non-morbific
environmental sequence. As algorithm optimized for binary clinical resistance
breakpoints fail to accurately parse the gradient-ground resistance profiles characteristic
of environmental microbiomes, this structural dichotomy create a profound data
harmonization challenge. Old research indicates that without a model, attempting to
merge these disparate data streams results in important signal loss and statistical noise
[5].

As detailed in Table 2, resolving these interoperability issues requires a
reconfiguration of standard surveillance parameters across three critical arena [9, 11].
Foremost, regard the metadata format, current standards preponderantly swear on XML
structures suited for single isolate records, whereas soil microbiome version demand a
passage to JSON formats to fit extremely, hierarchic ecologic variables. The parameter of
sequence deepness must be recalibrated; while surveillance demand high sequence depth
to notice rare clinical mutations, grease microbiome adaptations require a shift to medium
sequencing deepness to capture taxonomic diversity without generate computationally
data matrices. To incorporate grease-annotation databases that recognize environmental
resistance determinants, third, resistance gene annotation demand a paradigm shift from
bank on the CARD Database. This is heavily toward pathogen. Achieving this
harmonization likewise demand the development of robust mathematical normalization
protocols. Because soil sample biomass and taxonomic complexity alter wildly, raw
resistance gene counts must be transform apply a ecologic normalization factor, expressed

Rsoil

as Nyyp = . Where R,,; correspond the raw resistance gene abundance, D, is

DseqXCtax
the correct segiuencing deepness, and and (4, denote the community complexity index.
Implementing standardisation alongside the parameter shifts is indispensable. Until these
fundamental data harmonization challenges are adjudicate, the inclusion of soil
microbiomes in worldwide AMR surveillance will rest conceptually promising but
operationally impossible.

Table 2. Parameters for Data Harmonization in AMR Surveillance

Parameter Current Standard Value Advise Harmonized
Value
Metadata Format XML JSON
Sequence Depth (' D, ) > 1000 read 500 £+ 50 read
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Taxonomic Complexity 0.85 + 0.05 0.65 + 0.03
Index ( Ciax )
Resistance Gene CARD Database Grease-Annotation
Annotation Database
Normalization Factor Relinical Rsoil
( Nore ) Naur = Teq Namr = m
Rare Mutation Detection 0.01 £ 0.002 0.05 £+ 0.005
Threshold
Taxonomic Diversity 25% + 2% 65% + 5%
Coverage
Computational Matrix Size 10°  cell 5x10* cells

4. Comparison & Challenges
4.1. Comparative Analysis of Surveillance Models

As instance in Figure 4, the relationship between surveillance model types and AMR
data coverage reveal a stark disparity across sector. Human-centrical framework attain
around 90 percent coverage, while fauna agricultural framework hit 70 percent. In
contrast, soil microbiome models lag significantly behind, capture just 40 pct of AMR data.
In world monitoring efforts, this scatter plot visualization emphasize the instability. The
high coverage in human and creature framework stems from their trust on standardise
clinical and veterinary sampling protocols, good-curated pathogen databases. And
epidemiologic termination. At track phenotypical resistance in stray pathogens but run
within an vacuity, neglect to account for the resistome, these framework surpass.
Proposed soil integration frameworks essentially address this unsighted place. By place
the soil microbiome, these framework possess the unique strength of notice resistance
genes and horizontal gene transfer events before they evidence in scene. The advise
framework exhibit weakness that explicate their low coverage. Soil surveillance lack
accept sampling methodology and struggles with the profound heterogeneousness of soil
matrices. Additionally, render complex metagenomic sequence information into
standardized, actionable public health metrics remains a challenge [10]. The correlativity
between resistance gene abundance x and clinical resistance incidence y is non-, do it
hard to incorporate soil data seamlessly into be risk assessment paradigms without
important methodological harmonization.

100 Scatter Plot Comparing Surveillance Models

0%
80

60

a0 ®

Coverage (%) of AMR Data

0 Human Animal Soil
Surveillance Model Types

Figure 4. Scatter Plot Comparing Surveillance Models

4.2. Key Barriers to Integration

Incorporate soil microbiomes into worldwide antimicrobial resistance surveillance is
hinder by a array of systemic obstruction. As detailed in Table 3, thereby this categorizes
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these challenge by barrier type, impact level. And mitigation strategies, the primary
obstacles span technical. And policy domains. Proficient limitation correspond the most
immediate and hurdle, sort with a high impact level. The inbuilt complexness of soil
matrices, twin with the continuity of extracellular DNA, gravely perplex the accurate
extraction and quantification of resistance genes [1]. Address this barrier take the
deployment of advanced sequencing engineering alongside standardise bioinformatic
pipeline to ensure thwartwise-study comparability. Concurrently, fiscal constraints exert
a intermediate impact on surveillance efforts. Big-scale environmental sampling and
subsequent high-throughput analysis demand significant and sustained capital
investment [4]. On strategical funding allocation, palliation for this barrier relies,
potentially attain by embedding soil resistome monitoring into pre-be agricultural or
wellness budget to distribute costs. Eventually, policy-link challenges register a low
impact in footing of immediate operational clash, yet they constitute a bottleneck. The
absence of regulative framework intend that soil reservoirs of opposition are consistently
except from international action plans. Defeat this requires the active development of
comprehensive framework that explicitly mandate the inclusion of compartment within
worldwide surveillance directives. Navigating these multidimensional barriers is
indispensable for launch a holistic resistance monitoring infrastructure.

Table 3. Barriers to Soil Microbiome Integration

Barrier Type Impact Level Mitigation Example Metrics
Strategy
Technical High Deploy advanced Truth: 95% +
sequence 2% , Extraction

technologies and Efficiency: 85%

standardised
bioinformatics
pipelines
Financial Intermediate Strategical funding Budget
allocation, plant Requirement:
monitoring into 120+ 5
/wellness budgets million/yr,
Sampling Cost:
45.2 per site
Policy Low Develop Framework
comprehensive Adoption Rate:
regulative 0.05 , Policy
frameworks for Compliance: 80%

inclusion in
international

directive

5. Future Perspectives
5.1. Predictive Modeling for AMR Trends

The desegregation of grease information into prognosticative modeling offers a
transformative approach to calculate resistance trajectories. As illustrate in Figure 5, the
relationship between temporal progression and predicted AMR cases demonstrates a
crude upward tendency, project an increase from 10 million cases in 2025 to 15 million in
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2030, and gain 20 million by 2035. Crucially, this line chart spotlight that incorporate
grease microbiome metrics significantly refine prediction accuracy compared to clinical-
only surveillance models [5]. To reach such precision, framework must bank on
methodology that unite microbiology with computational epidemiology. Machine
learning algorithms can be prepare on complex multidimensional datasets where variable
such as soil resistome abundance, correspond as x; , interact with anthropogenetic driver
to pattern future risk scenarios [12]. Before they evidence in clinical settings, by treating
the soil environment as a dynamical reservoir than a background variable, framework can
place early warning signals of emerging opposition. Finally, synthesise these diverse data
streams will be indispensable for transition AMR surveillance from a reactive stance to a
proactive, scheme of mitigate the escalating public health crisis.

Predicted AMR Trends Using Soil Microbiome Data

—8— Predicted AMR Cases

20

Predicted AMR Cases (Millions)
=

2025 2030 2035
Time (Years)

Figure 5. Line Chart Predicting AMR Trends Using Soil Microbiome Data

5.2. Interdisciplinary Collaboration

Into worldwide antimicrobic resistance surveillance necessitates, effectively
incorporate stain microbiome wellness rase traditional silo to further robust
interdisciplinary collaboration. While ecologist contextualize these microbic dynamics
within terrestrial ecosystem and biogeochemical cycles, the multifarious nature of
environmental resistance gene reservoirs require a convergence of expertness where
microbiologist clarify the mechanistic pathways of gene transfer [5]. By combine high-
resolve insight with framework, investigator can map the spatiotemporal fluxes of
opposition determiner across vary land-use and agricultural gradients. Scientific
consensus only is deficient to drive systemic change. Within these collaborative networks,
policymakers must be imbed from the kickoff to translate complex environmental data
into, scalable regulatory interventions. This confederation is critical for designing
surveillance protocols that capture both the biologic complexness of the soil resistome and
the socioeconomic drivers of antimicrobic abuse. Co-underdeveloped standardise
methodologies quintessentially ensures that environmental prosody are not treated as
peripheral data points but as ingredient of a unified One Health strategy. Bridge the gap
between laboratory discoveries, field ecology, and action will render the comprehensive,
adaptative model required to palliate the growth and spreading of opposition at a planetal
scale.

6. Conclusion
6.1. Summary of Key Insights

This reassessment has consistently demonstrated that soil microbiomes function as
reservoir and evolutionary incubators for resistance, correspond a fundamental yet
overlook ingredient of the global AMR crisis. Surveillance frameworks preponderantly
rivet on clinical and agricultural settings, neglect to capture the ecologic kinetics and gene
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transfer networks run within environments. Integrating soil microbiome wellness into
these framework is not an academic enlargement, but an epidemiologic necessity to
understand the origins and transmission pathways of resistance genes before they
infiltrate human and fauna pathogen. Enable the trailing of resistance determinants across
boundaries, concord advanced metagenomic sequence with soil try protocols offer a
practicable tract to attain this desegregation. Recognise the soil as a foundational node in
the One Health paradigm is indispensable for develop predictive, rather than, world AMR
mitigation strategies.

6.2. Call to Action

The escalating crisis of antimicrobic resistance demands an immediate paradigm
shift in how surveillance frameworks are design and implement. Beyond traditional
clinical and agricultural bound, policymakers must locomote to recognise the soil as a
critical reservoir and conduit for resistance genes. Uniting environmental microbiologist,
ecologists, epidemiologists. And public health authorities to develop standardise, -
sectoral monitoring protocols, achieving this indispensable integration require
unprecedented interdisciplinary collaboration. Furthermore, international regulative
body must mandate the inclusion of soil resistome data within be action plans. To support
big-scale metagenomic monitoring and the creation of merged data repositories that
bridge environmental and datasets, this involve dedicated funding streams. Just through
the rapid deployment of these cohesive, globe-to-clinic surveillance strategies can we
palliate the drivers of opposition and safeguard world health.

References

1.  S.Banerjee and M. G. Van Der Heijden, "Soil microbiomes and one health," Nat. Rev. Microbiol., vol. 21, no. 1, pp. 6-20, 2023.

2. K. Lawther, F. G. Santos, L. B. Oyama, F. Rubino, S. Morrison, C. J. Creevey, et al., "Resistome analysis of global livestock and
soil microbiomes," Front. Microbiol., vol. 13, 2022.

3. Lalrokimi, Y. Malvi, B. P. Singh, and Zothanpuia, "Antimicrobial Resistance in Environmental Microbiome: An Overview,"
Understanding the Microbiome Interactions in Agriculture and the Environment, pp. 11-22, 2022.

4. E.Cytryn, "The soil resistome: the anthropogenic, the native, and the unknown," Soil Biol. Biochem., vol. 63, pp. 18-23, 2013.

5. M. M. Zambrano, "Interplay between antimicrobial resistance and global environmental change," Annu. Rev. Genet., vol. 57, no.
1, pp. 275-296, 2023.

6. U. Klimper, G. Gionchetta, E. Catao, X. Bellanger, 1. Dielacher, A. X. Elena, et al., "Environmental microbiome diversity and
stability is a barrier to antimicrobial resistance gene accumulation,” Commun. Biol., vol. 7, no. 1, 2024.

7. H. Waseem, S. Jameel, J. Ali, H. Saleem Ur Rehman, 1. Tauseef, U. Faroog, et al., "Contributions and challenges of high
throughput qPCR for determining antimicrobial resistance in the environment: a critical review," Molecules, vol. 24, no. 1, 2019.

8. A.Kaviani Rad, S. K. Balasundram, S. Azizi, Y. Afsharyzad, M. Zarei, H. Etesami, et al., "An overview of antibiotic resistance
and abiotic stresses affecting antimicrobial resistance in agricultural soils,"” Int. |. Environ. Res. Public Health, vol. 19, no. 8, 2022.

9. B. H. Gulumbe, E. U. Alum, A. Abdulrahim, T. M. Abubakar, M. A. Bagwai, and M. Ali, "The Role of the Environmental
Microbiome in Modulating the Spread of Antimicrobial Resistance," Curr. Microbiol., vol. 83, no. 4, 2026.

10. A.Maciel-Guerra, M. Baker, Y. Hu, W. Wang, X. Zhang, J. Rong, et al., "Dissecting microbial communities and resistomes for
interconnected humans, soil, and livestock," ISME ]., vol. 17, no. 1, pp. 21-35, 2023.

11. Y. G. Zhu, Y. Zhao, D. Zhu, M. Gillings, J. Penuelas, Y. S. Ok, et al., "Soil biota, antimicrobial resistance and planetary health,"
Environ. Int., vol. 131, 2019.

12. F. Wang, Y. H. Fu, H. J. Sheng, E. Topp, X. Jiang, Y. G. Zhu, et al., "Antibiotic resistance in the soil ecosystem: A One Health

perspective,” Curr. Opin. Environ. Sci. Health, vol. 20, 2021.

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 Publisher and/or the editor(s). Publisher 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.

62 Vol. 2 No. 1 (2026)



	1. Introduction
	1.1. Context and Importance
	1.2. Scope of the Review
	1.3. Historical Overview
	1.4. Current Challenges in Soil Microbiome Research

	2. Microbial Taxonomy in Soil
	2.1. Diversity of Soil Microbiomes
	2.2. Resistance Mechanisms in Soil Microbiomes

	3. Integrating Soil Microbiomes into AMR Surveillance
	3.1. Methodological Approaches
	3.2. Data Harmonization Challenges

	4. Comparison & Challenges
	4.1. Comparative Analysis of Surveillance Models
	4.2. Key Barriers to Integration

	5. Future Perspectives
	5.1. Predictive Modeling for AMR Trends
	5.2. Interdisciplinary Collaboration

	6. Conclusion
	6.1. Summary of Key Insights
	6.2. Call to Action

	References

