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Abstract

Antimicrobial resistance (AMR) surveillance increasingly requires systems that integrate human, animal, food-chain, and environmental data.
Escherichia coli (E. coli) is a valuable sentinel organism for this purpose because it is ubiquitous across One Health compartments, easy to isolate and
phenotypically test, clinically relevant as both a commensal and an extraintestinal pathogen, and genetically equipped to acquire and disseminate
mobile genetic determinants of AMR. This narrative review revises and updates the scientific rationale for using E. coli as an indicator organism in
integrated AMR surveillance, with emphasis on current publications and institutional guidance. The evidence supports E. coli as a practical cross-
sector indicator, but interpretation requires caution: clonal overlap between sectors is often limited, whereas plasmids, resistance genes, and mobile
genetic elements (MGEs) may circulate across ecological boundaries. A robust One Health surveillance system should therefore combine standardized
sampling, harmonized antimicrobial susceptibility testing, whole-genome sequencing (WGS), selected long-read sequencing for plasmid
reconstruction, environmental and wastewater surveillance, metagenomics, and, for selected questions, proteomic approaches that assess the
expression and function of resistance mechanisms. The review proposes a pragmatic framework for surveillance design, interpretation, and action. E.
coli should not be treated as a universal proxy for all AMR hazards, but as a high-value sentinel when data are generated and interpreted through
explicit epidemiological objectives, comparable methods, and sector-specific metadata. Finally, this review briefly summarizes the challenges

confronting AMR surveillance and recommends key actions to overcome them.
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Introduction

Antimicrobial resistance (AMR) remains a major threat to
human and animal health, food security, and the
sustainability of healthcare systems. Global burden
estimates have reported the responsibility of AMR
bacteria for millions of deaths annually, and recent
surveillance reports continue to document elevated levels
of resistance in clinically important Gram-negative
pathogens [1, 2, 3]. These trends have accelerated the
adoption of One Health surveillance, which recognizes
that antimicrobial use, microbial ecology, and resistance
transmission are interconnected across humans, animals,
food production, and the environment [4, 5]. Within this
framework, Escherichia coli (E. coli) occupies a special
position. It is a common intestinal commensal in humans
and animals, a frequent cause of gastrointestinal and
urinary tract infection, and extraintestinal and systemic
infections. E. coli harbors plasmids and other mobile
genetic elements (MGEs) carrying genes such as blaCTX-
M, blaCMY, blaNDM, blaKPC, mcr-1, and plasmid-
mediated quinolone resistance determinants [6, 7, 8]. The
same biological versatility that makes E. coli an important
pathogen also makes it an informative sentinel organism
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for AMR surveillance. It means E. coli is an efficient
indicator bacterium that could be monitored to track
resistance trends across clinical, agricultural, and
environmental settings [9]. International programs
already exploit this property.

The World Health Organization (WHO) Tricycle
Protocol, a standardized One Health surveillance
framework, is designed to monitor the prevalence of
Extended-Spectrum Beta-Lactamase (ESBL)-producing
E. coli across human, animal (especially poultry), and
environmental sectors [10]. Also, the European Union
(EU) surveillance frameworks increasingly include E. coli
or its resistance determinants as interpretable targets. The
EU monitors commensal E. coli at slaughterhouses and in
retail food, alongside zoonotic organisms, wastewater, and
the environment. It provides an early warning system for
the public [10]. However, the value of E. coli depends on
methods of sampling, typing, and interpretation. A
positive finding in wastewater, poultry, surface water, or
clinical isolates does not automatically prove direct
transmission between sectors.

Recent comparative genomics suggest that identical
clones are not always shared across compartments,
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whereas antimicrobial resistance genes (ARGs) and
plasmid lineages may move between bacterial populations
more readily than the bacterial chromosome itself [11].

The objective of this review is to provide a scientifically
coherent and updated overview of E. coli as a sentinel
organism for AMR in a One Health framework. The
manuscript emphasizes practical surveillance design,
molecular interpretation, and the complementary role of
omics technologies, including proteomics, while
identifying limitations that should be explicitly addressed
before data are translated into policy or risk-management
actions.

Why E. coli is a practical sentinel for One Health
AMR surveillance

A sentinel organism should be repeatedly detectable,
epidemiologically interpretable, technically feasible to
test, and capable of reflecting clinically or ecologically
meaningful resistance. E. coli fulfills many of these
criteria. It is abundant in fecal material from humans and
animals, can be recovered from food and water matrices,
and is compatible with low-cost culture-based methods
[12, 13]. It also has long-established laboratory protocols
for identification, antimicrobial susceptibility testing, and
molecular characterization [14]. The organism is

particularly useful because it links colonization, infection,
and environmental contamination.

Commensal E. coli can be recovered from healthy
humans and animals to estimate community or farm-level
AMR pressure, while pathogenic lineages of
extraintestinal E. coli provide clinically actionable
information on resistant infections [15]. In environmental
contexts, E. coli is a fecal indicator, so it can be used to
connect wastewater, surface water, agricultural runoff,
and human exposure. However, its abundance alone
should not be equated with the risk of infection [16, 17,
18].

Genomic plasticity further strengthens the sentinel role
of E. coli. It frequently acquires and exchanges plasmids,
integrons, and transposons, providing a window into the
dissemination of MGEs for AMR. Yet this is also one of the
main interpretive challenges. Surveillance can detect a
shared resistance gene across sectors. Still, the
epidemiological meaning differs depending on whether
the gene is carried by the same clone, the same plasmid
lineage, unrelated plasmids, or different bacterial hosts
[19, 20]. The principal surveillance strengths and caveats
associated with the use of E. coli as a model organism in
One Health AMR surveillance are summarized in Table 1.

Table 1: Sentinel attributes of E. coli for One Health AMR surveillance.

Attribute Surveillance value Main caveat Ref.
Cross-sector ubiquity Enal?les multis.ectoral coverage using a single Environmel.ltal variability . introduces bi.as .in [21]
sentinel organism representativeness and complicates source attribution
.. Resistance data are directly translatable into Commensal isolates do not necessarily reflect the
Clinical relevance . . R . L o [15]
clinical and public-health implications. lineages causing invasive disease
Laboratory feasibility Flost-effective and scalable t.echniques Pack of  uniform .p.rotocols compromises [22]
implementable across resource settings inter-laboratory comparability
WGS id inf ti AST .
.. . provices — uiformation. o > Short-read WGS alone cannot fully resolve plasmids or
Genomic interpretability phylogroup, virulence markers, ARGs, SNPs, . [23]
- . . demonstrate horizontal transfer
and plasmid-associated determinants
. Supported by international frameworks Absence of shared standards limits integration and
Programmatic precedent e . . - [10]
facilitating coordinated adoption comparability across programs
. . . Enabl 1 i f circulati ile P f ict ph
Mobile resistome signal nables early detection of circulating mobile resence of a gene does not predict phenotype or [24]

resistance determinants

dissemination risk

AST = antimicrobial susceptibility testing; WGS = whole-genome sequencing; ARG = antimicrobial resistance gene; SNP = single-nucleotide

polymorphism.
One Health surveillance compartments

Human sector

Surveillance of AMR E. coli in the human sector can be
divided into clinical surveillance and carriage surveillance.
Clinical isolates, especially from the bloodstream, urinary
tract, and extraintestinal infections, provide information
on disease burden, therapeutic failure risk, and the
emergence of high-risk lineages. The global extraintestinal
pathogenic E. coli population includes successful lineages
such as ST131 and related multidrug-resistant (MDR)
clones, which can combine virulence, fluoroquinolone
resistance, ESBL genes, and, increasingly, carbapenemase

determinants [25]. Clinical surveillance alone is
insufficient for One Health inference because it addresses
only individuals admitted within healthcare settings and
those delivered for specimen collection [26]. For
community carriage studies, screening selected risk
groups and wastewater-based approaches can help fill this
gap by detecting resistant E. coli or ARGs before they lead
to severe clinical infections [27]. WHO Global
Antimicrobial Resistance and Use Surveillance System
(GLASS) and other international systems strengthen
comparability by aligning specimen types, pathogen-
antibiotic combinations, and reporting methods, but
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representativeness remains highly dependent on
laboratory access, diagnostic practices, and data quality
[28].

Animals, food-producing systems, and the food
chain

Food-producing animals are relevant to E. coli AMR
surveillance for two reasons. First, commensal E. coli in
livestock and poultry can reflect antimicrobial selection
pressure in animal production. Second, resistant E. coli
and resistant MGEs may move through slaughter, retail
meat, manure, soil, water, and direct contact pathways.
European surveillance has therefore included indicator
commensal E. coli from animals and food, in addition to
zoonotic pathogens, with particular attention to ESBL-,
AmpC-, and carbapenemase-producing isolates [29]. The
animal-food pathway should not be oversimplified.
Antimicrobial use in food animals has been an important
driver of selection pressure, and reductions in
unnecessary use are a major component of AMR control
[30]. Nevertheless, genomic evidence often shows
complex population structures rather than a single linear
pathway from animals to humans. In some settings,
human and livestock E. coli populations are distinct, while
related plasmids or ARGs may still be detected across
compartments. Surveillance should therefore integrate
data on animal species, production type, age class,
antimicrobial use, sample type, season, geography, and
food chain stage.

Environment, wastewater, and water systems

The environment is not merely a passive recipient of
resistant bacteria. Wastewater, surface waters, sediments,
irrigation waters, manure-amended soils, and hospital
effluents can act as dynamic reservoirs, conduits, and
transmission routes for AMR bacteria and ARGs, via
horizontal gene transfer (HGT) [31, 32]. The United
Nations Environment Program (UNEP) has emphasized
environmental action as part of the One Health AMR
response, particularly around pharmaceuticals, chemicals,
agriculture, healthcare, sanitation, and wastewater. E. coli
is attractive in this compartment because it is already used
as a fecal indicator and can be cultured from wastewater
and many water matrices. However, environmental AMR
surveillance requires careful interpretation. It remains
unclear whether the increased abundance of ARGs in
sewage and sewage-impacted environments is due to on-
site selection pressure from residual antibiotics or simply
to fecal contamination by resistant bacteria. The only
exception is environments polluted by very high levels of
antibiotics from manufacturing, where selection is evident
[33]. It is worth noting that the detection of E. coli or ARGs
in water does not necessarily indicate human health risks,
and ARG abundance is not directly proportional to health
risk.

Wastewater and environmental surveillance can
complement clinical and animal surveillance by providing
pooled, community-level information, particularly where
clinical microbiology coverage is incomplete. However,
recovered results and data are greatly affected by sampling
strategy, hydrology, rainfall, wastewater inputs,
catchment characteristics, and laboratory methods.
Consequently, recent  methodological  guidance
recommends standardized target selection, quality
control, composite sampling where feasible, longitudinal
designs, and clear policy use-cases before wastewater
AMR data are operationalized [34]. Figure 1 summarizes
the integration of E. coli in different sectors of the One
Health paradigm, confirming its potential as a sentinel
pathogen for AMR surveillance.

Molecular epidemiology: clones, plasmids, and
resistance determinants

A crucial aspect of AMR surveillance is detecting the
emergence and spread of high-risk clones. In traditional
laboratory  surveillance, there are sometimes
inconsistencies in the antibiotic panels tested. These
inconsistencies lead to the exclusion of samples from the
analysis of resistance profile dynamics, hamper cluster
detection, and hinder the early detection of novel high-risk
clones.

High-risk clones have the propensity to disseminate
rapidly, and genomics can improve the detection of their
emergence and spread. WGS of bacterial pathogens can
identify distinct clonal lineages (strains) on phylogenetic
trees, known AMR mechanisms (genes or mutations), and
the vehicles for acquired ARGs, which enables enhanced
detection and characterization of high-risk clones.
Integration of WGS into laboratory-based AMR
surveillance can substantially improve the detection of
high-risk clones by providing a high-resolution picture of
genetic  lineages  (strains), AMR  mechanisms
(genes/mutations), and vehicles (MGEs) [35]. Elucidation
of resistance mechanisms and their context can be critical
for effective infection control. For example, upregulation
of efflux pumps and loss of porin function by mutation are
vertically transmitted, whereas acquired carbapenemases
carried on transmissible plasmids or integrative
conjugative elements have the potential for horizontal
dissemination between strains and species, thereby
necessitating enhanced infection control measures [36].

Escherichia coli surveillance must distinguish among
three related but distinct signals: resistant bacterial
lineages, MGEs, and individual resistance genes. These
three signals differ profoundly in epidemiological
resolution. Clone-level evidence requires tight SNP
distances (often <10—20 SNPs, lineage-dependent) and
conserved accessory genome structure, supporting recent
cross-sector transmission. When isolates are genomically
distant but share the same ARGs, the signal reflects
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independent acquisition or parallel selection rather than
movement of bacterial populations. Shared plasmid
backbones, especially IncF, Incl, IncX, or IncHI2, with
broad host ranges indicate horizontal transfer of MGEs
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Figure 1: Summary of the integration of E. coli in different sectors of the One Health paradigm.

Metagenomic ARG detection adds a population-level
resistome signal but cannot resolve host assignment or
viability. Correctly distinguishing these layers is essential
to avoid false inferences about intersectoral transmission
and to prioritize interventions according to the underlying
mechanism (clonal spread, plasmid dissemination, or
resistome pressure) [19, 37]. Lineage-based spread is
important for high-risk clones, including extraintestinal
pathogenic lineages associated with MDR and healthcare
or community dissemination [38]. Plasmid-mediated
spread is equally important because a resistance
determinant can move between unrelated E. coli lineages
or even between different Enterobacterales species. Gene-
based detection is a useful tool for screening, but it is the
least specific epidemiological signal unless contextualized
by the host bacterium, plasmid background, and
phenotype [39].

ESBL-producing E. coli remains the central indicator
for many One Health systems. The WHO Tricycle Protocol
intentionally focuses on ESBL-producing E. coli in
humans, the food chain, and the environment because it is
clinically relevant, technically feasible, and comparable

across sectors. Several studies have implemented Tricycle-
inspired design and have illustrated both the feasibility
and interpretive complexity of this approach. For example,
in Madagascar, genomic analysis of ESBL-producing E.
coli from pregnant women, chickens, and surface water
has been conducted. Results showed sector-specific
population structures and evidence of intersectoral
circulation of strains and plasmids [10]. Another study
conducted in Bangladesh used a Tricycle-based protocol,
in which environmental samples were collected from
hospital wastewater, livestock effluents, aquaculture
ponds, and river water. The study recorded the widespread
occurrence of third-generation cephalosporin-resistant E.
coli and clinically important carbapenemase genes at
environmental interfaces [21]. In the United Kingdom,
One Health genomic surveillance identified distinct E. coli
lineages and MGEs in isolates from humans and livestock,
with limited overlap in MGEs despite some shared
resistance genes [19]. Another six-country European
analysis of E. coli isolated from different One Health
compartments revealed few probable vertical
transmission events, with detection of conserved plasmid
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lineages carrying extended-spectrum cephalosporin

resistance determinants [20].

In 2024, an Australian study analyzed thousands of E.
coli genomes from humans, livestock, companion animals,
wildlife, food, and the environment. Results proposed
parameters for cross-source genomic surveillance and
highlighted the need to use context-specific relatedness
thresholds rather than outbreak thresholds alone [21]. In
recent years, recorded resistance to colistin, the last group
of antibiotics, the polymyxins, confirms why sentinel
surveillance must be alerted to emerging mobile
mechanisms. Briefly, polymyxin resistance has been
associated with chromosomal mutations but has never
been reported via HGT. During routine surveillance in
China, there was a marked increase in colistin resistance
among commensal E. coli from food animals. The authors
reported the emergence of the first plasmid-mediated
polymyxin resistance mechanism, the mecr-1 gene. The
plasmid carrying mecr-1 was mobilized to an E. coli
recipient by conjugation. Further investigations revealed
mcr-1 carriage in E. coli isolates collected from raw meat,
animals, and inpatients with infection. The evidence
showed that resistance to a last-line antimicrobial could
disseminate through mobile elements across One Health
compartments [40]. Current surveillance should therefore
prioritize not only common ESBL and AmpC
determinants, but also carbapenemases, mcr genes,
plasmid-mediated quinolone resistance, aminoglycoside-
modifying enzymes, class 1 integrons, and co-selection
markers when appropriate to the local epidemiology and
antimicrobial-use context.

Collective data interpretation could be aided by data
sharing via interactive web tools such as Microreact
(www.microreact.org) and Pathogenwatch
(www.pathogen.watch) to leverage the expertise from
both Centre for Genomic Pathogen Surveillance (CGPS)
and Antimicrobial Resistance Surveillance Reference
Laboratory (ARSRL) [41, 35].

Genomics, metagenomics, and data integration

Phenotypic AST remains essential because treatment
decisions and surveillance indicators are ultimately
expressed as resistant, intermediate, or susceptible
phenotypes. However, WGS provides resolution that
phenotypic testing cannot, including sequence type,
phylogroup, virulence markers, chromosomal mutations,
acquired ARGs, SNP-relatedness, and plasmid replicon
content. Genomic surveillance also enables retrospective
analyses when new mechanisms emerge [42]. Genotype-
to-phenotype interpretation requires curated databases,
clear quality thresholds, and version-controlled pipelines.
Tools such as ResFinder and PointFinder support
standardized identification of acquired resistance genes
and chromosomal point mutations, but prediction
accuracy depends on the organism, drug class, gene

expression, promoter context, gene copy number, porin
loss, and efflux regulation [43, 44]. For carbapenemase,
ESBL, AmpC and mecr surveillance, short-read WGS is
highly informative, but complete plasmid reconstruction
often requires long-read sequencing or hybrid assembly.
Metagenomics can broaden surveillance beyond cultured
isolates by profiling ARGs and microbial communities
directly from wastewater, feces, or environmental
matrices. This is useful when a population-level resistome
signal is needed or when culture is impractical. Its
limitations are equally important: metagenomics may not
reliably assign ARGs to host bacteria, discriminate viable
from non-viable organisms, or prove expression and
transmissibility. For E. coli surveillance, metagenomics is
best used as a complementary layer alongside culture-
based isolation and WGS of representative isolates [42,
45]. Despite progress in AMR surveillance in many
countries, particularly in developed ones, the majority of
these programs are sector-specific systems that operate
separately across the human, animal, and environmental
sectors. Integrating these systems through standardized
methods can provide a more comprehensive
understanding of AMR across all sectors. Unfortunately,
data integration remains the weakest component of One
Health AMR surveillance and mitigation strategies, posing
a major obstacle to the effective elimination of AMR. For
proper interpretation, a minimum set of metadata is
required, including date, location, host or matrix,
sampling frame, laboratory method, AST standard,
antimicrobial panel, isolate selection criteria, sequencing
platform, assembly quality, bioinformatics pipeline, and
database versions [46]. In addition, data are required for
environmental samples, such as factors and processes
associated with hydrology, ecology, and climate change,
catchment, and management data, which are particularly
important [47]. For example, without harmonized
metadata, a genome sequence may be difficult to interpret
(Table 2).

Proteomics and functional AMR surveillance

Genomics identifies the potential for resistance, whereas
proteomics can help assess whether resistance
mechanisms are expressed and functionally relevant [53].
This distinction is important because the presence of a
resistance gene does not always translate into a resistant
phenotype, and phenotypic resistance may result from
combinations of enzymes, porin changes, efflux systems,
and regulatory effects that are not fully captured by gene
presence alone. Currently, the proteomic approach has
been widely adopted in most laboratories, established as a
fundamental tool for unraveling the complex molecular
mechanisms that drive AMR and for capturing the
biological effectors of resistance. Besides, proteomics is
important for assessing the differential expression of
bacterial proteins under stress conditions, as well as for
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Table 2: Core minimum dataset for integrated E. coli AMR surveillance.

Domain Minimum metadata Purpose Ref.
Specimen type, syndrome, date, facility, location, Estimate disease burden, monitor
Human clinical isolates patient age group, inpatient/outpatient status, AST therapeutic risk, and detect high-risk [48]
panel, and clinical breakpoint standard resistant lineages
Population sampled, sampling frame, date, location, N .
. - . Capture colonization and community
Human carriage or recent antimicrobial exposure, healthcare contact, . .. . ..
. . . . reservoirs that are not visible in clinical [49]
community sampling travel history, or occupational exposure, where .
. . specimens alone
ethically and legally collectible
Species, production type, farm or slaughter/retail Interpret  selection  pressure and
Animals and the food chain stage, age class, sample type, antimicrobial-use or transmission opportunities across [50]
consumption indicators, season, and geography. production systems
Type of matrix, geographic location, sample volume, To understand how diluted the sample is,
Environment and sampling method, and key environmental conditions how long bacteria or genes may persist, and (48]
wastewater (rainfall, flow, temperature), plus wastewater how different sources may mix or
treatment stage contribute to exposure pathways
Culture media, selective conditions, number of
. colonies selected, AST standard, QC strain results, E e arability, reproducibility, and
Laboratory and sequencing ! Q ! " nsure comparabritty, reprocuct 1Ly, an [51]
sequence  platform, genome quality, and auditability
pipeline/database versions
Common identifiers, data-sharing permissions, Convert surveillance outputs into
Integration and governance privacy safeguards, FAIR data structure, reporting transparent public-health and veterinary [52]

thresholds, and predefined action triggers

action

FAIR = findable, accessible, interoperable, and reusable; AST, = antimicrobial susceptibility testing; QC = quality control

identifying and quantifying changes occurring during and
after protein synthesis [54]. Finally, proteomics uncovers
novel therapeutic targets.

Among many proteomic techniques, mass spectrometry
(MS)-based proteomics and Matrix-assisted laser
desorption/ionization-time-of-flight (MALDI-TOF)
provide a direct window into the active molecular
machinery of pathogens [55]. Untargeted and targeted
Liquid Chromatography-Tandem Mass Spectrometry (LC-
MS/MS) approaches have been used to detect beta-
lactamases, aminoglycoside-modifying enzymes, porins,
and other resistance-associated proteins in E. coli and
Klebsiella pneumoniae (K. pneumoniae). Proteogenomic
workflows can integrate WGS-derived protein databases
with mass spectrometry to improve interpretation of
resistant phenotypes [56]. Targeted LC-MS/MS has also
been developed for direct or rapid detection of multiple
beta-lactam, aminoglycoside, and fluoroquinolone
resistance mechanisms in blood cultures containing E. coli
or K. pneumoniae complex [57].

Proteomic studies also provide mechanistic insight into
stress responses and adaptive pathways (Figure 2). For
example, quantitative proteomics of tetracycline-exposed
resistant E. coli has shown alterations in metabolic and
peptidoglycan-related processes [58]. MALDI-TOF mass
spectrometry combined with machine learning is being
investigated for AMR prediction from routine diagnostic
spectra. However, performance, portability, and external
validation remain barriers to its use in routine surveillance
[59]. These findings confirm the essentiality of integrating
proteomics with other omics disciplines, including

genomics, transcriptomics, and metabolomics, to achieve
a comprehensive understanding of AMR. This multi-
layered approach enables a more holistic, system-level
understanding of resistance, allowing researchers to
uncover complex regulatory networks and metabolic
interdependencies that remain obscured when each omic
layer is studied separately [60].

For One Health surveillance, proteomics should
currently be considered an adjunct rather than a
replacement for AST and WGS. The most fundamental
roles of proteomic analysis are validating expression of key
resistance mechanisms in selected isolates, resolving
genotype-phenotype discordance, characterizing high-
risk clones or plasmid-bearing isolates, and supporting
research into environmental stress, persistence, and co-
selection. Despite the benefits of incorporating proteomics
as a diagnostic and surveillance tool in AMR surveillance
systems, there are limitations that hinder large-scale
deployment. These limitations are represented by the high
cost of instruments, the standardization of methodologies
across sectors, matrix effects, and the need for expertise
[53]. Besides, proteomics is not yet ready for large-scale
routine AMR surveillance in most settings. Its current
value lies mainly in selected isolates, genotype-phenotype
discordance, and targeted detection of
resistance-associated proteins, while future applications
may include biomarker discovery and functional AMR
surveillance. Table 3 summarizes the diagnostic
methodology utilized for the identification of E. coli AMR
surveillance.
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Figure 2: Proteomic approach for identification of AMR E. coli in different biological samples.

Table 3: Technology too

Ibox for E. coli AMR surveillance.

Method Best use Key limitations Recommended role Ref
N . ili
Determination of resistant Comparabi 1ty. depends on
. .. . the breakpoint standard,
Phenotypic AST phenotype and -clinical/veterinary . Core method across all sectors [48]
. . drug panel, and isolate
interpretation . A
selection criteria
. Selective media may
. Detect f ESBL, AmpC, .
Selective culture and erecion 0 P overestimate prevalence Core method when target
. . carbapenemase or other target . . . [48]
confirmatory testing . . . compared with wunbiased mechanisms are predefined
phenotypes in specific matrices . .
isolation
Identification of lineage, ARGs, Incomplete plasmid Core method for representative
Short-read WGS mutations, virulence markers, and reconstruction and limited . . °P . [49]
. . isolates and high-risk findings
SNP relatedness inference on gene expression
Long-read or hybrid Resolution of plasmids, structural Higher cost and lower Targeted use for plasmids,
sequencing variants, and linkage between ARGs  throughput for  routine carbapenemases, mcr genes, [49]
and MGEs surveillance and unresolved clusters
Resistome and community profiling Limited ability to assign Complementa opulation-
Shotgun metagenomics directly from wastewater or ARGs to viable E. coli or P nary  bop [49]
. . level surveillance layer
environmental samples specific hosts
High-sensitivity quantification of Narrow scope and limited Useful for trend monitoring and
Targeted qPCR/ddPCR selected ARGs or markers host assignment sentinel targets [49]
LC-MS/MS proteomics eDIfztymeCtie(;n a?lfi e)((elr)lroetypssei lfgzzeiinsé ﬁles(tl;lli:sfentation SPeCiali;ﬁg Adjunct for selected isolates [49]
P . ’ & P P L and functional validation
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. . . . External lidati d .
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. . . . reproducibility remain . . [49]
learning from routine diagnostic spectra unresolved implementation only

ARGs = antimicrobial resistance gene; MGEs = mobile genetic elements; ESBL = extended-spectrum beta-lactamase; PCR = quantitative polymerase
chain reaction; ddPCR = droplet digital polymerase chain reaction; LC-MS/M = liquid chromatography mass spectrometry; MALDI-TOF = matrix-
assisted laser desorption/ionization — time of flight
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Implementation challenges and foresight
perspectives for a pragmatic surveillance
framework

Since its development, AMR governance has relied on a
high degree of organizational capacity to support practical
efforts in disease prevention, rational antibiotic use, and
AMR  eradication, while accounting for the
interconnections among humans, animals, and the
environment [61]. The main barrier to meaningful One
Health surveillance is not a lack of technology but a lack of
comparable and interpretable data. Developing an
effective AMR-combating strategy must follow a One
Health approach that integrates human, animal, and
environmental ecosystems and should include
establishing a comprehensive tracking system such as the
National Antimicrobial Resistance Monitoring System
(NARMS), developing tailored action plans, and updating
guidelines and regulations. NARMS was established to
ensure that the use of antimicrobials in food-producing
animals does not undermine the efficacy of the same drugs
to treat foodborne infections in humans [62].

The implementation of practical, concise measures is
primarily based on reliable epidemiological data on
Antimicrobial Use (AMU) and AMR prevalence in targeted
areas [63]. Consequently, proper surveillance is a key step
for successful strategies, identifying the presence and
prevalence of the resistant pathogens to specific
antibiotics and highlighting areas requiring urgent action
[62]. It could be achieved through strategic steps,
including improving access to microbiological diagnostics
for pathogen identification and susceptibility testing
against potential antimicrobial therapeutics [64].

AMR data availability and quality vary widely between
countries and clinical settings. The WHO 2023 report
noted that funding resources for implementing
multisectoral plans are identified in only 11% of countries.
This underscores persistent challenges to AMR control
strategies [65]. Low- and middle-income countries
(LMICs) face limitations that undermine AMR control
strategies. Key limitations include limited availability of
routine microbiological diagnostics, scarce surveillance
data, restricted access to on-site microbiology laboratories
outside large public hospitals, and the predominance of
infection management and antibiotic prescribing in
primary care settings [63, 64].

In addition to financial and capacity constraints, AMR
control strategies face a range of other obstacles that
facilitate the emergence and spread of this phenomenon.
These factors include the movement and migratory
behavior of wildlife and international travel and trade
[66]. The environmental dimensions of AMR remain
insufficiently addressed, with persistent evidence and
policy gaps despite recognition of the environment’s

critical role in the development, transmission, and spread
of resistance.

Investigating AMR in wildlife faces several difficulties,
including small sample sizes, limited spatial or temporal
representation, variation in isolation and resistance
detection methods, and heterogeneity in reported data
[67, 68]. Also, insects such as flies and cockroaches were
found to transmit AMR bacteria between ecosystems [69].
Unfortunately, current AMR surveillance systems still
primarily focus on clinical and agricultural settings,
neglecting environmental dimensions that can serve as
valuable sentinels of AMR surveillance and control [70,
71].

In a trial to overcome these challenges, we briefly
recommend some key actions that align with the WHO
Global Action Plan on Antimicrobial Resistance (GAP-
AMR) [72], and advised to be active in place within 2-3
years, and being controlled frequently by national
governmental authorities:

1. Immediate actions to raise public awareness about the
increasing risk of AMR and its drawbacks by utilizing
social communication channels;

2. Fund scouting for improving laboratory capacity;
Integrating environmental interventions into the
national AMR surveillance and response.

4. Investment in developing new diagnostics, and
identification of new antimicrobials/alternative
therapies such as “extracts of medicinal herbs;
Improving personnel professionalism via training;

6. Standardization of isolation protocols within each
sector;

7. Encourage initiatives and donations for low-income
countries;

8. Instantimplementation of strict hygiene and infection
prevention measures in healthcare settings, livestock
farms, slaughterhouses, and food-producing
companies to limit the development and spread of
AMR infections and MDR bacteria.

9. Prohibit the use of unprescribed antibiotics;

10. Encourage collaboration with medical and

pharmaceutical professional bodies;

11. Frequent assessment and update of National Action
Plans; encourage research and community
collaboration;

12. Cooperation is needed in developing regulations,
policies, and surveillance systems for AMR in the
environment.

13. Global data sharing and harmonization, with
transparency, of antimicrobial-use or antimicrobial-
consumption data.
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We can conclude that AMR is an open-ended, multi-
level challenge, and that a holistic, coordinated,
multisectoral approach is required to combat this serious
and urgent threat. Efficient AMR surveillance requires
constant ongoing governance actions.

Conclusions

Escherichia coli is widely regarded as a premier sentinel
organism for One Health AMR surveillance because it is
clinically important, ecologically widespread, technically
accessible, and genetically informative. Its greatest value
lies not in providing a simple model for mapping
transmission between sectors, but in serving as a universal
indicator of HGT and an epidemiological bridge across
humans, animals, food systems, and the environment. The
evidence reviewed here supports a balanced
interpretation. Resistant E. coli clones can spread across
populations, but many One Health signals are mediated by
plasmids, MGEs, and resistance genes rather than direct
clonal transmission. Surveillance should therefore avoid
simplistic source-attribution claims unless supported by
dense sampling, high-resolution genomics, plasmid
context, and epidemiological metadata.

A robust E. coli surveillance system should combine
standardized sampling protocols, phenotypic AST, WGS,
selective long-read sequencing, environmental and
wastewater surveillance, and carefully targeted proteomic
or metagenomic methods. In this review, we integrate
methodological layers into a coherent and practical
interpretative framework designed to support operational
One Health surveillance. This integrative perspective is
novel, moving beyond traditional descriptive reviews and
proposing a unified, cross-sector logic for interpreting
AMR signals generated through phenotypic, genomic,
environmental, and proteomic approaches.

Finally, we outline minimum metadata requirements
and sector-specific design principles that enable
comparable and actionable AMR data generation across
the human, animal, food, and environmental sectors. By
articulating these operational principles, the review
provides an innovative blueprint for transforming E. coli
surveillance from a fragmented set of methods into a
structured, decision-oriented One Health system. When
designed around explicit questions and linked to
predefined interventions, E. coli surveillance can move
from descriptive monitoring to actionable AMR
prevention in a One Health framework.

Declarations and supplementary information
Acknowledgments: Not applicable.

Author contributions: Conceptualization, ACP, PR; Writing -
Original Draft Preparation, ACP, PR, AS, and HAH; Writing — Review &
Editing, MP, EL, ACP, HAH, AS, and PR; Visualization, MP, EL, ACP,
HAH, AS, and PR; Supervision, PR.

Funding source: This review did not receive any specific funding from
funding agencies in the public, commercial, or nonprofit sectors.
Conflict of interest statement: The authors declare no conflict of
interest.

Ethics statement: Not applicable.

Data availability: Not applicable.

Supplementary materials: Not applicable.

Declaration regarding the use of generative AI and Al-assisted
technologies in the writing process: The authors used BioRender
and Grammarly as Al-assisted technologies to prepare the figures and
improve writing.

Publisher’s note: The claims, opinions, and data presented in this
manuscript are solely those of the authors and do not necessarily reflect
the views of Infinity IPC, its editors, or reviewers. Infinity IPC and the
editors disclaim any responsibility for damages, injuries, or other
consequences that may arise from the use of the information contained
in this article.

References

1. Patel J, Harant A, Fernandes G, Mwamelo AJ, Hein W, Dekker D, et
al. Measuring the global response to antimicrobial resistance, 2020—
21: A systematic governance analysis of 114 countries. Lancet Infect
Dis. 2023;23(6):706—18. https://doi.org/10.1016/S1473-3099(22)
00796-4

2. TIkuta KS, Swetschinski LR, Aguilar GR, Sharara F, Mestrovic T, Gray
AP, et al. Global mortality associated with 33 bacterial pathogens in
2019: A systematic analysis for the Global Burden of Disease Study
2019. Lancet. 2022;400(10369):2221-48. https://doi.org/10.1016/
S0140-6736(22)02185-7

3. Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Robles Aguilar G,
Gray A, et al. Global burden of bacterial antimicrobial resistance in
2019: A systematic analysis. Lancet. 2022;399(10325):629-55.
https://doi.org/10.1016/S0140-6736(21)02724-0

4. Sinclair JR. Importance of a One Health approach in advancing
global health security and the Sustainable Development Goals. Rev
Sci Tech. 2019;38(1):145-54. https://doi.org/10.20506/RST.38.1.
2949

5. McEwen SA, Collignon PJ. Antimicrobial resistance: A One Health
perspective. Microbiol Spectr. 2018;6(2). https://doi.org/10.1128/
MICROBIOLSPEC.ARBA-0009-2017

6. Sattar F, Hu X, Saxena A, Mou K, Shen H, Ali H, et al. Analyzing
antibiotic resistance in bacteria from wastewater in Pakistan using
whole-genome sequencing. Antibiotics (Basel). 2024;13(10):937.
https://doi.org/10.3390/antibiotics13100937

7. Papagiannitsis CC, Bitar I, Malli E, Tsilipounidaki K, Hrabak J,
Petinaki E. IncC blaKPC-2-positive plasmid characterised from
ST648 Escherichia coli. J Glob Antimicrob Resist. 2019;19:73-7.
https://doi.org/10.1016/j.jgar.2019.05.001

8. Poirel L, Madec JY, Lupo A, Schink AK, Kieffer N, Nordmann P, et
al. Antimicrobial resistance in Escherichia coli. Microbiol Spectr.
2018;6(4). https://doi.org/10.1128/MICROBIOLSPEC.ARBA-0026
-2017

9. Karademir D, Kaskatepe B, Erol HB, Yalcin S, Cevik YN. The study
of Escherichia coli as antimicrobial-resistant sentinel
microorganism isolated in the farms of three districts of Ankara by
MALDI-TOF MS and genomic analysis. Vet Med Sci.
2025;11(3):e70209. https://doi.org/10.1002/vms3.70209

10. Milenkov M, Proux C, Rasolofoarison TL, Rakotomalala FA,
Rasoanandrasana S, Rahajamanana VL, et al. Implementation of the
WHO Tricycle protocol for surveillance of extended-spectrum (-
lactamase-producing Escherichia coli in humans, chickens, and the
environment in Madagascar: A prospective genomic epidemiology
study. Lancet Microbe. 2024;5(8):100850. https://doi.org/10.1016/
$2666-5247(24)00065-X


https://doi.org/10.66585/ohmi.2026.2.0016
https://doi.org/10.1016/S1473-3099(22)00796-4
https://doi.org/10.1016/S1473-3099(22)00796-4
https://doi.org/10.1016/S0140-6736(22)02185-7
https://doi.org/10.1016/S0140-6736(22)02185-7
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.20506/RST.38.1.2949
https://doi.org/10.20506/RST.38.1.2949
https://doi.org/10.1128/MICROBIOLSPEC.ARBA-0009-2017
https://doi.org/10.1128/MICROBIOLSPEC.ARBA-0009-2017
https://doi.org/10.3390/antibiotics13100937
https://doi.org/10.1016/j.jgar.2019.05.001
https://doi.org/10.1128/MICROBIOLSPEC.ARBA-0026-2017
https://doi.org/10.1128/MICROBIOLSPEC.ARBA-0026-2017
https://doi.org/10.1002/vms3.70209
https://doi.org/10.1016/S2666-5247(24)00065-X
https://doi.org/10.1016/S2666-5247(24)00065-X

69 | One Health Microbiol. Infect. Vol. 2, No. 1. https://doi.org/10.66585/0hmi.2026.2.0016

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Watt AE, Cummins ML, Donato CM, Wirth W, Porter AF, Andersson
P, et al. Publisher Correction: Parameters for One Health genomic
surveillance of Escherichia coli from Australia. Nat Commun.
2025;16(1):3309. https://doi.org/10.1038/s41467-025-58600-0

Kichana E, Addy F, Dufailu OA. Genetic characterization and
antimicrobial susceptibility of Escherichia coli isolated from
household water sources in northern Ghana. J Water Health.
2022;20(5):770-80. https://doi.org/10.2166/WH.2022.197
Lemlem M, Aklilu E, Mohammed M, Kamaruzzaman F, Zakaria Z,
Harun A, et al. Molecular detection and antimicrobial resistance
profiles of extended-spectrum beta-lactamase (ESBL)-producing
Escherichia coli in broiler chicken farms in Malaysia. PLoS One.
2023;18(5):0285743. https://doi.org/10.1371 /journal.pone.0285
743

Osman M, Albarracin B, Altier C, Grohn YT, Cazer C. Antimicrobial
resistance trends among canine Escherichia coli isolated at a New
York veterinary diagnostic laboratory between 2007 and 2020. Prev
Vet Med. 2022;208:105767. https://doi.org/10.1016/j.prevetmed.2
022.105767

Manges AR, Geum HM, Guo A, Edens TJ, Fibke CD, Pitout JDD.
Global extraintestinal pathogenic Escherichia coli (ExPEC) lineages.
Clin Microbiol Rev. 2019;32(3):€00135-18. https://doi.org/10.1128
/CMR.00135-18

Berendonk TU, Manaia CM, Merlin C, Fatta-Kassinos D, Cytryn E,
Walsh F, et al. Tackling antibiotic resistance: The environmental
framework. Nat Rev Microbiol. 2015;13(5):310-7. https://doi.org/
10.1038/NRMICRO3439

Manaia CM. Assessing the risk of antibiotic resistance transmission
from the environment to humans: Non-direct proportionality
between abundance and risk. Trends Microbiol. 2017;25(3):173-81.
https://doi.org/10.1016/j.tim.2016.11.014

Liguori K, Keenum I, Davis BC, Calarco J, Milligan E, Harwood VJ,
et al. Antimicrobial resistance monitoring of water environments: A
framework for standardized methods and quality control. Environ
Sci Technol. 2022;56(13):9149-60. https://doi.org/10.1021/acs.est
.1c08918

Ludden C, Raven KE, Jamrozy D, Gouliouris T, Blane B, Coll F, et al.
One Health genomic surveillance of Escherichia coli demonstrates
distinct lineages and mobile genetic elements in isolates from
humans versus livestock. mBio. 2019;10(1):e02693-18. https://doi.
org/10.1128/MBI0.02693-18

Kaspersen HP, Brouwer MSM, Nunez-Garcia J, Cardenas-Rey I,
AbuOun M, Duggett N, et al. Escherichia coli from six European
countries reveals differences in profile and distribution of critical
antimicrobial resistance determinants within One Health
compartments, 2013 to 2020. Euro Surveill. 2024;29(47):2400295.
https://doi.org/10.2807/1560-7917.ES.2024.29.47.2400295

Rahman A, Roy S, Afreen N, Alam MGS, Sadekuzzaman M, Kalam A,
et al. Environmental dissemination of multidrug-resistant
Escherichia coli across One Health interfaces in Mymensingh,
Bangladesh. NPJ Antimicrob Resist. 2026;4(1):27. https://doi.org/
10.1038/s44259-026-00202-x

Blane B, Brodrick HJ, Gouliouris T, Ambridge KE, Kidney AD,
Ludden CM, et al. Comparison of 2 chromogenic media for the
detection of extended-spectrum B-lactamase-producing
Enterobacteriaceae stool carriage in nursing home residents. Diagn
Microbiol Infect Dis. 2016;84(3):181-3. https://doi.org/10.1016/j.
diagmicrobio.2015.11.008

Chen L, Hu H, Chavda KD, Zhao S, Liu R, Liang H, et al. Complete
sequence of a KPC-producing IncN multidrug-resistant plasmid
from an epidemic Escherichia coli sequence type 131 strain in China.
Antimicrob Agents Chemother. 2014;58(4):2422-5. https://doi.org
/10.1128/AAC.02587-13

Ellington MJ, Ekelund O, Aarestrup FM, Canton R, Doumith M,
Giske C, et al. The role of whole genome sequencing in antimicrobial
susceptibility testing of bacteria: Report from the EUCAST

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Subcommittee. Clin Microbiol Infect. 2017;23(1):2—-22. https://doi.
org/10.1016/j.cmi.2016.11.012

Nicolas-Chanoine MH, Bertrand X, Madec JY. Escherichia coli
ST131, an intriguing clonal group. Clin Microbiol Rev.
2014;27(3):543—-74. https://doi.org/10.1128/CMR.00125-13

Grajeda LM, McCracken JP, Berger-Gonzalez M, Lopez MR, Alvarez
D, Méndez S, et al. Sensitivity and representativeness of One Health
surveillance for diseases of zoonotic potential at health facilities
relative to household visits in rural Guatemala. One Health.
2021;13:100336. https://doi.org/10.1016/j.onehlt.2021.100336

Tiwari A, Kurittu P, Al-Mustapha AI, Heljanko V, Johansson V,
Thakali O, et al. Wastewater surveillance of antibiotic-resistant
bacterial pathogens: A systematic review. Front Microbiol.
2022;13:977106. https://doi.org/10.3389/fmicb.2022.977106

World Health Organization. Global antibiotic resistance surveillance
report 2025: WHO Global Antimicrobial Resistance and Use
Surveillance System (GLASS): Summary. World Health
Organization. 2025. https://doi.org/10.2471/B09585

European Food Safety Authority, European Centre for Disease
Prevention and Control. The European Union summary report on
antimicrobial resistance in zoonotic and indicator bacteria from
humans, animals and food in 2020/2021. EFSA J. 2023;21(3):7867.
https://doi.org/10.2903/j.efsa.2023.7867

Samtiya M, Matthews KR, Dhewa T, Puniya AK. Antimicrobial
resistance in the food chain: Trends, mechanisms, pathways, and
possible  regulation strategies. Foods. 2022;11(19):2966.
https://doi.org/10.3390/foods11192966

Patra M, Dubey SK. Antimicrobial resistance transmission in
environmental matrices: Current prospects and future directions.
Rev Environ Contam Toxicol. 2025;263(1):20. https://doi.org/10.1
007/s44169-025-00096-2

Sassi A, Basher NS, Kirat H, Meradji S, Ibrahim NA, Idres T, et al.
The role of the environment (water, air, soil) in the emergence and
dissemination of antimicrobial resistance: A One Health perspective.
Antibiotics (Basel). 2025;14(8):764. https://doi.org/10.3390/antibi
otics14080764

Karkman A, Parnénen K, Larsson DGJ. Fecal pollution can explain
antibiotic resistance gene abundances in anthropogenically
impacted environments. Nat Commun. 2019;10(1):80. https://doi.o
rg/10.1038/s41467-018-07992-3

Punch R, Azani R, Ellison C, Majury A, Hynds PD, Payne SJ, et al.
The surveillance of antimicrobial resistance in wastewater from a
One Health perspective: A global scoping and temporal review
(2014-2024). One Health. 2025;21:101139. https://doi.org/10.101
6/j.onehlt.2025.101139

Argimén S, Masim MAL, Gayeta JM, Lagrada ML, Macaranas PKV,
Cohen V, et al. Integrating whole-genome sequencing within the
national antimicrobial resistance surveillance program in the
Philippines. Nat Commun. 2020;11(1):2719. https://doi.org/10.10
38/s41467-020-16322-5

Koser CU, Ellington MJ, Peacock SJ. Whole-genome sequencing to
control antimicrobial resistance. Trends Genet. 2014;30(9):401-7.
https://doi.org/10.1016/j.tig.2014.07.003

Brodrick HJ, Raven KE, Kallonen T, Jamrozy D, Blane B, Brown NM,
et al. Longitudinal genomic surveillance of multidrug-resistant
Escherichia coli carriage in a long-term care facility in the United
Kingdom. Genome Med. 2017;9(1):70. https://doi.org/10.1186/s1
3073-017-0457-6

Kocsis B, Gulyas D, Szab6 D. Emergence and dissemination of
extraintestinal pathogenic high-risk international clones of
Escherichia coli. Life (Basel). 2022;12(12):2077. https://doi.org/10
.3390/1ife12122077

Davies J, Davies D. Origins and evolution of antibiotic resistance.
Microbiol Mol Biol Rev. 2010;74(3):417-33. https://doi.org/10.112
8/MMBR.00016-10


https://doi.org/10.66585/ohmi.2026.2.0016
https://doi.org/10.1038/s41467-025-58600-0
https://doi.org/10.2166/WH.2022.197
https://doi.org/10.1371/journal.pone.0285743
https://doi.org/10.1371/journal.pone.0285743
https://doi.org/10.1016/j.prevetmed.2022.105767
https://doi.org/10.1016/j.prevetmed.2022.105767
https://doi.org/10.1128/CMR.00135-18
https://doi.org/10.1128/CMR.00135-18
https://doi.org/10.1038/NRMICRO3439
https://doi.org/10.1038/NRMICRO3439
https://doi.org/10.1016/j.tim.2016.11.014
https://doi.org/10.1021/acs.est.1c08918
https://doi.org/10.1021/acs.est.1c08918
https://doi.org/10.1128/MBIO.02693-18
https://doi.org/10.1128/MBIO.02693-18
https://doi.org/10.2807/1560-7917.ES.2024.29.47.2400295
https://doi.org/10.1038/s44259-026-00202-x
https://doi.org/10.1038/s44259-026-00202-x
https://doi.org/10.1016/j.diagmicrobio.2015.11.008
https://doi.org/10.1016/j.diagmicrobio.2015.11.008
https://doi.org/10.1128/AAC.02587-13
https://doi.org/10.1128/AAC.02587-13
https://doi.org/10.1016/j.cmi.2016.11.012
https://doi.org/10.1016/j.cmi.2016.11.012
https://doi.org/10.1128/CMR.00125-13
https://doi.org/10.1016/j.onehlt.2021.100336
https://doi.org/10.3389/fmicb.2022.977106
https://doi.org/10.2471/B09585
https://doi.org/10.2903/j.efsa.2023.7867
https://doi.org/10.3390/foods11192966
https://doi.org/10.1007/s44169-025-00096-2
https://doi.org/10.1007/s44169-025-00096-2
https://doi.org/10.3390/antibiotics14080764
https://doi.org/10.3390/antibiotics14080764
https://doi.org/10.1038/s41467-018-07992-3
https://doi.org/10.1038/s41467-018-07992-3
https://doi.org/10.1016/j.onehlt.2025.101139
https://doi.org/10.1016/j.onehlt.2025.101139
https://doi.org/10.1038/s41467-020-16322-5
https://doi.org/10.1038/s41467-020-16322-5
https://doi.org/10.1016/j.tig.2014.07.003
https://doi.org/10.1186/s13073-017-0457-6
https://doi.org/10.1186/s13073-017-0457-6
https://doi.org/10.3390/life12122077
https://doi.org/10.3390/life12122077
https://doi.org/10.1128/MMBR.00016-10
https://doi.org/10.1128/MMBR.00016-10

70 | One Health Microbiol. Infect. Vol. 2, No. 1. https://doi.org/10.66585/0hmi.2026.2.0016

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Liu YY, Wang Y, Walsh TR, Yi LX, Zhang R, Spencer J, et al.
Emergence of plasmid-mediated colistin resistance mechanism
MCR-1 in animals and human beings in China: A microbiological
and molecular biological study. Lancet Infect Dis. 2016;16(2):161—
8. https://doi.org/10.1016/S1473-3099(15)00424-7

Argimén S, Abudahab K, Goater RJE, Fedosejev A, Bhai J, Glasner
C, et al. Microreact: Visualizing and sharing data for genomic
epidemiology and phylogeography. Microb Genom.
2016;2(11):e000093. https://doi.org/10.1099/mgen.0.000093
Djordjevic SP, Jarocki VM, Seemann T, Cummins ML, Watt AE,
Drigo B, et al. Genomic surveillance for antimicrobial resistance: A
One Health perspective. Nat Rev Genet. 2024;25(2):142-57.
https://doi.org/10.1038/s41576-023-00649-y

Bortolaia V, Kaas RS, Ruppe E, Roberts MC, Schwarz S, Cattoir V, et
al. ResFinder 4.0 for predictions of phenotypes from genotypes. J
Antimicrob Chemother. 2020;75(12):3491-500. https://doi.org/10
.1093/jac/dkaa345

Zankari E, Allesge R, Joensen KG, Cavaco LM, Lund O, Aarestrup
FM. PointFinder: A novel web tool for WGS-based detection of
antimicrobial resistance associated with chromosomal point
mutations in bacterial pathogens. J Antimicrob Chemother.
2017;72(10):2764-8. https://doi.org/10.1093/jac/dkx217

Chau KK, Barker L, Budgell EP, Vihta KD, Sims N, Kasprzyk-
Hordern B, et al. Systematic review of wastewater surveillance of
antimicrobial resistance in human populations. Environ Int.
2022;162:107171. https://doi.org/10.1016/j.envint.2022.107171
Babu Rajendran N, Arieti F, Mena-Benitez CA, Galia L, Tebon M,
Alvarez J, et al. EPI-Net One Health reporting guideline for
antimicrobial consumption and resistance surveillance data: A
Delphi approach. Lancet Reg Health Eur. 2023;26:100563.
https://doi.org/10.1016/j.1anepe.2022.100563

Jampani M, Mateo-Sagasta J, Chandrasekar A, Fatta-Kassinos D,
Graham DW, Gothwal R, et al. Fate and transport modelling for
evaluating antibiotic resistance in aquatic environments: Current
knowledge and research priorities. J Hazard Mater.
2024;461:132527. https://doi.org/10.1016/j.jhazmat.2023.132527

World Health Organization. WHO integrated global surveillance on
ESBL-producing E. coli using a One Health approach:
Implementation and opportunities. World Health Organization.
2021. Available from: https://www.who.int/publications/i/item/97
89240021402. Accessed 2026 Jun 8.

World Health Organization. GLASS manual for antimicrobial
resistance surveillance in common bacteria causing human infection.
World Health Organization. 2023. Available from: https://www.who
.int/publications/i/item/9789240076600. Accessed 2026 Jun 8.

Dushayeva LZ. Antimicrobial resistance in foodborne Escherichia
coli and Salmonella spp. from animal-origin foods: Transmission
pathways, global surveillance gaps, and alternative therapeutic
strategies. Vet World. 2025;18(11):3288-305. https://doi.org/10.1
4202 /vetworld.2025.3288-3305

Kekre M, Arevalo SA, Valencia MF, Lagrada ML, Macaranas PKV,
Nagaraj G, et al. Integrating scalable genome sequencing into
microbiology laboratories for routine antimicrobial resistance
surveillance. Clin Infect Dis. 2021;73(Suppl 4):S258-66. https://doi
.org/10.1093/cid/ciab796

Wilkinson MD, Dumontier M, Aalbersberg 1J, Appleton G, Axton M,
Baak A, et al. The fair guiding principles for scientific data
management and stewardship. Sci Data. 2016;3(1):160018.
https://doi.org/10.1038/sdata.2016.18

Aita SE, Ristori MV, Cristiano A, Marfoli T, De Cesaris M, La Vaccara
V, et al. Proteomic insights into bacterial responses to antibiotics: A
narrative review. Int J Mol Sci. 2025;26(15):7255. https://doi.org/1
0.3390/ijms26157255

Tsakou F, Jersie-Christensen R, Jenssen H, Mojsoska B. The role of

proteomics in bacterial response to antibiotics. Pharmaceuticals
(Basel). 2020;13(9):214. https://doi.org/10.3390/ph13090214

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Muth T, Karlsson R, Yu YK, Alves G. From identification to insight:
Making full use of the diagnostic potential of MS/MS proteotyping in
clinical microbiology using efficient bioinformatics. J Proteome Res.
2025;24(11):5336-51. https://doi.org/10.1021/acs.jproteome.5c0
0733

Foudraine DE, Strepis N, Stingl C, ten Kate MT, Verbon A, Klaassen
CHW, et al. Exploring antimicrobial resistance to beta-lactams,
aminoglycosides and fluoroquinolones in E. coli and K. pneumoniae
using proteogenomics. Sci Rep. 2021;11(1):12472. https://doi.org/
10.1038/s41598-021-91905-w

Foudraine DE, Dekker LJM, Strepis N, Nispeling SJ, Raaphorst MN,
Kloezen W, et al. Using targeted liquid chromatography-tandem
mass spectrometry to rapidly detect f-lactam, aminoglycoside, and
fluoroquinolone resistance mechanisms in blood cultures growing E.
coli or K. pneumoniae. Front Microbiol. 2022;13:887420.
https://doi.org/10.3389/fmicb.2022.887420

Jones-Dias D, Carvalho AS, Moura IB, Manageiro V, Igrejas G,
Canica M, et al. Quantitative proteome analysis of an antibiotic-
resistant Escherichia coli exposed to tetracycline reveals multiple
affected metabolic and peptidoglycan processes. J Proteomics.
2017;156:20-8. https://doi.org/10.1016/j.jprot.2016.12.017

Wiesmann N, Enders D, Westendorf A, Koch R, Schaumburg F.
Correction for Wiesmann et al., “Prediction of antimicrobial
resistance from MALDI-TOF mass spectra using machine learning:
A validation study.” J Clin Microbiol. 2026;64(3):e01884-25.
https://doi.org/10.1128/jcm.01884-25

Tran DT, Dahlin A. Multi-omics approaches to resolve antimicrobial
resistance. In: Soni, V., Akhade, A.S. (eds): Antimicrobial Resistance:
Factors to Findings. Springer, Cham. 2024. p. 275-94.
https://doi.org/10.1007/978-3-031-65986-7_8

Helliwell R, Boden L, Fuglestad EM, Norstrom M, Urdahl AM.
Governing antimicrobial resistance in Norwegian livestock farming
to 2050: A participatory strategy development approach. Front Vet
Sci. 2025;12:1616206. https://doi.org/10.3389/fvets.2025.161620
6

Lautan O, Cheng YH, Pranata R, Chen YY, Shi YH, Chen SN, et al.
Antimicrobial-resistant (AMR) bacteria in the food chain: Current
challenges and global mitigation strategies. One Health.
2025;21:101273. https://doi.org/10.1016/j.0onehlt.2025.101273

van Kessel SAM, Wielders CCH, Schoffelen AF, Verbon A. Enhancing
antimicrobial resistance surveillance and research: A systematic
scoping review on the possibilities, yield and methods of data linkage
studies. Antimicrob Resist Infect Control. 2025;14(1):25.
https://doi.org/10.1186/s13756-025-01540-7

Holt KE, Carey ME, Chandler C, Cross JH, Dyson ZA, Furnham N, et
al. Tools and challenges in the use of routine clinical data for
antimicrobial resistance surveillance. NPJ Antimicrob Resist.
2025;3(1):37. https://doi.org/10.1038/s44259-025-00105-3

FAO. Tackling antimicrobial resistance in food and agriculture. FAO.
2024. https://doi.org/10.4060/cc9185en

Arnold KE, Williams NJ, Bennett M. ‘Disperse abroad in the land’:
The role of wildlife in the dissemination of antimicrobial resistance.
Biol Lett. 2016;12(8):20160137. https://doi.org/10.1098/rsbl.2016
.0137

Li X, Mowlaboccus S, Jackson B, Cai C, Coombs GW. Antimicrobial
resistance among clinically significant bacteria in wildlife: An
overlooked One Health concern. Int J Antimicrob Agents.
2024;64(3):107251. https://doi.org/10.1016/j.ijjantimicag.2024.10
7251

Doyle C, Wall K, Fanning S, McMahon BJ. Making sense of sentinels:
Wildlife as the One Health bridge for environmental antimicrobial
resistance surveillance. J Appl Microbiol. 2025;136(1):1xaf017.
https://doi.org/10.1093/jambio/lxaf017

Zurek L, Ghosh A. Insects represent a link between food animal
farms and the urban environment for antibiotic resistance traits.


https://doi.org/10.66585/ohmi.2026.2.0016
https://doi.org/10.1016/S1473-3099(15)00424-7
https://doi.org/10.1099/mgen.0.000093
https://doi.org/10.1038/s41576-023-00649-y
https://doi.org/10.1093/jac/dkaa345
https://doi.org/10.1093/jac/dkaa345
https://doi.org/10.1093/jac/dkx217
https://doi.org/10.1016/j.envint.2022.107171
https://doi.org/10.1016/j.lanepe.2022.100563
https://doi.org/10.1016/j.jhazmat.2023.132527
https://www.who.int/publications/i/item/9789240021402
https://www.who.int/publications/i/item/9789240021402
https://www.who.int/publications/i/item/9789240076600
https://www.who.int/publications/i/item/9789240076600
https://doi.org/10.14202/vetworld.2025.3288-3305
https://doi.org/10.14202/vetworld.2025.3288-3305
https://doi.org/10.1093/cid/ciab796
https://doi.org/10.1093/cid/ciab796
https://doi.org/10.1038/sdata.2016.18
https://doi.org/10.3390/ijms26157255
https://doi.org/10.3390/ijms26157255
https://doi.org/10.3390/ph13090214
https://doi.org/10.1021/acs.jproteome.5c00733
https://doi.org/10.1021/acs.jproteome.5c00733
https://doi.org/10.1038/s41598-021-91905-w
https://doi.org/10.1038/s41598-021-91905-w
https://doi.org/10.3389/fmicb.2022.887420
https://doi.org/10.1016/j.jprot.2016.12.017
https://doi.org/10.1128/jcm.01884-25
https://doi.org/10.3389/fvets.2025.1616206
https://doi.org/10.3389/fvets.2025.1616206
https://doi.org/10.1016/j.onehlt.2025.101273
https://doi.org/10.1186/s13756-025-01540-7
https://doi.org/10.1038/s44259-025-00105-3
https://doi.org/10.4060/cc9185en
https://doi.org/10.1098/rsbl.2016.0137
https://doi.org/10.1098/rsbl.2016.0137
https://doi.org/10.1016/j.ijantimicag.2024.107251
https://doi.org/10.1016/j.ijantimicag.2024.107251
https://doi.org/10.1093/jambio/lxaf017

71 | One Health Microbiol. Infect. Vol. 2, No. 1. https://doi.org/10.66585/0hmi.2026.2.0016

Appl Environ Microbiol. 2014;80(12):3562-7. https://doi.org/10.1

and resistance genes: A review. Front Cell Infect Microbiol.
128/AEM.00600-14

2023;12:1065796. https://doi.org/10.3389/fcimb.2022.1065796
70. Vittecoq M, Godreuil S, Prugnolle F, Durand P, Brazier L, Renaud N, 72. van den Dool A, Evin SLP, Kim J, Lyu X, Abusalem L, Niu Y, et al.
et al. Antimicrobial resistance in wildlife. J Appl Ecol. Bridging the policy gap between climate change and antimicrobial
2016;53(2):519-29. https://doi.org/10.1111/1365-2664.12596 resistance. Lancet Planet Health. 2026;10(1):101409. https://doi.or
71. Ahmad N, Joji RM, Shahid M. Evolution and implementation of One 8/10.1016/].lanplh.2025.101409
Health to control the dissemination of antibiotic-resistant bacteria


https://doi.org/10.66585/ohmi.2026.2.0016
https://doi.org/10.1128/AEM.00600-14
https://doi.org/10.1128/AEM.00600-14
https://doi.org/10.1111/1365-2664.12596
https://doi.org/10.3389/fcimb.2022.1065796
https://doi.org/10.1016/j.lanplh.2025.101409
https://doi.org/10.1016/j.lanplh.2025.101409

