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Real-Time Genomic Surveillance for Multidrug-Resistant Pathogens in Low-Resource Settings: A Narrative Review of Challenges, Innovations, and Implementation Frameworks
Abstract
The accelerating rise of multidrug-resistant (MDR) pathogens poses a critical threat to global health, disproportionately affecting low- and middle-income countries (LMICs) where constrained diagnostic capacity limits timely detection and response. Real-time genomic surveillance offers a transformative approach by enabling high-resolution pathogen identification, antimicrobial resistance (AMR) profiling, and transmission mapping within turnaround times of approximately 24–72 hours. Recent innovations—such as portable nanopore sequencing platforms deployed during Ebola and SARS-CoV-2 outbreaks, field-ready sample preparation methods, and cloud-based AI-assisted analytics—are making genomic surveillance increasingly feasible in low-resource environments. However, significant barriers remain, including limited laboratory infrastructure, supply chain instability, shortages of trained bioinformaticians, and fragmented data-governance frameworks. This review synthesizes current technological advances and operational challenges while highlighting practical strategies for strengthening genomic surveillance systems in resource-constrained settings. Key areas of focus include decentralizing sequencing capacity through tiered laboratory networks, adopting low-cost and cold-chain-independent workflows, building sustainable workforce training pathways, and integrating genomic outputs into routine public health decision-making. Additionally, the review emphasizes the importance of ethical and equitable data-sharing practices to ensure that LMICs benefit fully from genomic technologies. By outlining actionable priorities and implementation considerations, this work provides a comprehensive framework to guide policymakers, researchers, and public health practitioners seeking to expand real-time genomic surveillance for MDR pathogens in low-resource settings.
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1. Introduction
The relentless emergence and spread of multidrug-resistant (MDR) pathogens represent one of the most pressing threats to global public health. MDR organisms, including Mycobacterium tuberculosis resistant to first-line therapies, carbapenem-resistant Enterobacterales (CRE), methicillin-resistant Staphylococcus aureus (MRSA), and highly resistant strains of Klebsiella pneumoniae, Acinetobacter baumannii, and Salmonella spp., have increasingly undermined the effectiveness of standard antimicrobial regimens[1–3]. Their ability to accumulate diverse resistance determinants not only complicates clinical management but also accelerates transmission within communities and healthcare systems. As antimicrobial resistance (AMR) continues to rise at an alarming pace, low- and middle-income countries (LMICs) shoulder a disproportionate share of the burden. Factors such as limited diagnostic capacity, unregulated antibiotic use, overcrowded healthcare facilities, and constrained public health infrastructures amplify both the incidence and impact of MDR infections in these settings.[4].
In this context, genomic surveillance has emerged as a transformative tool capable of reshaping how health systems detect, characterize, and respond to MDR pathogens. By enabling high-resolution identification of resistance determinants, elucidation of transmission pathways, and real-time outbreak monitoring, genomic approaches offer unprecedented opportunities to guide targeted interventions and optimize antimicrobial stewardship[5]. The rapid democratization of sequencing technologies, together with advances in portable devices and cloud-based analytics, has begun to make such systems increasingly feasible even in resource-limited environments[6,7].
This manuscript is important for the scientific community because it provides a comprehensive and practical framework for implementing real-time genomic surveillance to address multidrug-resistant (MDR) pathogens in low-resource settings. By detailing emerging innovations such as portable sequencing devices, field-adapted workflows, and AI-driven analytics, the review offers actionable strategies for closing diagnostic and surveillance gaps in low- and middle-income countries. The paper further contributes to global health security by proposing an integrated model that links genomic, clinical, and epidemiological data to support timely outbreak detection and informed public health decision-making. Collectively, this work advances the foundation needed to expand equitable genomic capacity worldwide. 
Operational Definition: In this review, “low-resource settings” refers to health systems characterized by limited laboratory infrastructure, constrained workforce capacity, unstable supply chains, and restricted access to advanced molecular diagnostics. This definition is used consistently throughout the manuscript to delineate the contexts in which real-time genomic surveillance faces the greatest implementation challenges.
2. Global Burden of Emerging MDR Pathogens
The global landscape of antimicrobial resistance (AMR) has evolved with alarming speed, with particularly steep increases observed across Sub-Saharan Africa, South Asia, and Latin America. These regions now experience some of the highest rates of multidrug-resistant (MDR) infections worldwide, driven by the rapid proliferation of pathogens such as Klebsiella pneumoniae, Acinetobacter baumannii, extended-spectrum β-lactamase (ESBL)–producing Enterobacterales, and fluoroquinolone- or macrolide-resistant Salmonella[8]. MDR tuberculosis (MDR-TB) remains a critical concern, contributing substantially to morbidity and mortality in high-burden countries. Collectively, these pathogens are estimated to cause millions of infections annually, with mortality concentrated in contexts where access to effective antimicrobials and advanced clinical care is limited.[4,9,10].
The spread of MDR organisms in low-resource settings is fueled by a confluence of structural and systemic drivers. The overuse and misuse of antibiotics, often exacerbated by over-the-counter availability, incomplete treatment courses, and reliance on broad-spectrum agents, accelerate the development of resistance. Limited diagnostic capacity impairs pathogen-specific treatment, leading to empirical prescribing and further selection pressure. Weak infection prevention and control (IPC) programs, including inadequate sanitation and insufficient isolation facilities, facilitate nosocomial transmission. High population density, urbanization, and regional mobility further amplify opportunities for rapid dissemination.[11].
Workforce limitations, inadequate laboratory capacity, and unstable supply chains further exacerbate the spread of MDR pathogens in many regions. These systemic challenges are discussed in more detail in Section 5, which addresses infrastructure and operational barriers to implementing genomic surveillance in low-resource settings [12,13].

3. Principles of Genomic Surveillance
Genomic surveillance represents a pivotal advancement in infectious disease monitoring, offering a level of resolution and interpretive power unattainable through traditional microbiological methods. By characterizing pathogens at the level of their complete or partial genetic content, genomic surveillance provides several core capabilities essential for managing multidrug-resistant (MDR) organisms[14]. First, it enables precise pathogen identification, including differentiation of closely related species and lineages. Second, it facilitates rapid detection of antimicrobial resistance (AMR) genes and mutations, thereby clarifying the molecular basis of resistance and informing therapeutic decisions. Third, genomic data allow for high-resolution transmission mapping, enabling public health teams to delineate transmission chains and detect cryptic spread. Finally, the ability to trace the likely source and directionality of outbreaks strengthens early response efforts and guides targeted infection control interventions[15].
The shift from conventional culture-based surveillance to real-time genomic monitoring reflects the need for more timely and actionable information. Culture-based methods often require days to weeks to yield results and frequently lack the discriminatory power needed to differentiate outbreak-related strains from background circulating isolates. Sequencing technologies, by contrast, provide rapid, high-resolution insights that can identify resistance determinants and infer evolutionary relationships within hours to days.[16]. Their predictive capacity, particularly when coupled with computational modeling, allows for earlier detection of emerging resistance patterns and outbreak hotspots.[17,18].
A range of sequencing approaches supports these capabilities. Whole-genome sequencing (WGS) offers maximal resolution for phylogenetic and resistance analyses. Targeted sequencing methods such as amplicon-based or hybrid capture strategies provide cost-effective alternatives for focused interrogation of resistance loci or specific pathogens. Metagenomic sequencing extends surveillance to complex or culture-negative samples, enabling detection of diverse pathogens directly from clinical or environmental specimens. Together, these platforms form the technological backbone of modern genomic surveillance systems.[19].
 4. Technological Landscape for Real-Time Surveillance
Recent technological innovations have dramatically expanded the feasibility of real-time genomic surveillance in low-resource settings, driven largely by advances in sequencing platforms, simplified sample preparation workflows, and cloud-based analytical tools. Portable sequencing devices such as the Oxford Nanopore MinION and Flongle have been particularly transformative[20]. These platforms require minimal infrastructure, operate on standard laptops, and deliver long-read data in real time, enabling rapid pathogen identification and resistance profiling. Although nanopore sequencing traditionally exhibits lower base-level accuracy compared to short-read technologies, ongoing improvements in chemistry and basecalling algorithms have substantially enhanced performance.[21]. For settings requiring more controlled throughput and improved accuracy, compact bench-top sequencers such as the Illumina iSeq series offer stable short-read data with modest power requirements. Emerging low-cost nanopore competitors promise to further reduce barriers by integrating simplified workflows and more affordable consumables. Across platforms, considerations such as reagent stability in high-temperature environments, supply chain reliability, and cold-chain independence remain central to their suitability for low-resource deployment.[22,23].
Parallel advancements in rapid sample preparation have strengthened the practicality of field-based genomic surveillance. Field-compatible extraction kits designed for minimal equipment, together with lyophilized reagents that maintain stability without refrigeration, allow sequencing workflows to be executed in austere environments. Microfluidic technologies are increasingly integrated into portable devices, automating extraction, library preparation, and quantification steps while reducing hands-on time and contamination risk.[24,25].
Equally critical are innovations in cloud-based analytics and artificial intelligence (AI). Real-time basecalling, automated antimicrobial resistance (AMR) gene annotation, and AI-driven prediction of phenotypic resistance enable immediate interpretation of sequencing outputs. Machine learning approaches also support outbreak clustering, lineage tracing, and early detection of unusual transmission dynamics, thereby accelerating public health response.[26].
Finally, mobile and point-of-care genomic tools such as smartphone-linked readers and compact diagnostic–sequencing hybrids extend genomic surveillance capabilities to rural clinics, community health posts, and border screening sites. These tools enable decentralized, rapid detection of MDR pathogens where traditional laboratory infrastructure is limited or absent.  To contextualize the technological and operational elements discussed above, Table 1 summarizes the core components required for implementing real-time genomic surveillance in low-resource settings.
 Table 1. Comparison of Core Components Required for Real-Time Genomic Surveillance in Low-Resource Settings
	Component
	Description
	Current Challenges in Low-Resource Settings
	Potential Solutions/Innovations

	Sequencing Platforms
	Portable or bench-top devices enabling rapid genomic data generation
	High costs, reagent instability, need for stable electricity
	Low-cost battery-powered sequencers; lyophilized reagents; solar-powered setups[27]

	Sample Preparation
	Extraction, purification, and library preparation workflows
	Limited lab equipment; contamination risks; cold-chain dependency
	Field-compatible kits; microfluidic automation; integrated sample-to-answer devices[28]

	Data Processing & Analytics
	Basecalling, AMR gene detection, and phylogenetic analysis
	Poor internet connectivity; lack of a bioinformatics workforce
	Cloud-based analytics; AI-guided pipelines; offline-capable open-source tools[29]

	Public Health Integration
	Translation of genomic findings into action
	Slow reporting; weak linkage to surveillance programs
	Shared dashboards; automated alerts; training in genomic epidemiology[30]

	Governance & Data Sharing
	Ethical, legal, and standardized frameworks for genomic data
	Privacy concerns, fragmented policies, and limited global integration
	National genomic databases; harmonized protocols; equitable data-sharing agreements[31]




5. Infrastructure and Operational Challenges in Low-Resource Settings
Despite the accelerating accessibility of genomic technologies, substantial infrastructural and operational barriers continue to impede their effective deployment in low-resource settings. A primary challenge is the limited laboratory infrastructure necessary to support sequencing workflows. Many facilities lack controlled environments, reliable cold-chain storage, or adequate biosafety systems. These gaps are compounded by intermittent electricity and inconsistent internet connectivity, which can disrupt sequencing runs, impede cloud-based analyses, and hinder timely data sharing[32]. Supply chain instability poses an additional constraint: reagents and consumables often face prolonged import delays and may be compromised by inadequate transportation or storage conditions.[33]. Proper waste management for biohazardous materials, frequently overlooked in resource-limited contexts, presents further complications as genomic workflows generate chemical and biological waste that requires regulated disposal practices.[34]. 
Workforce limitations present another major obstacle. The shortage of trained bioinformaticians and molecular microbiologists restricts the ability of institutions to conduct high-quality sequencing and interpret complex datasets. Genomic surveillance inherently demands interdisciplinary collaboration integrating microbiology, epidemiology, data science, and public health decision-making, yet such cross-sectoral expertise is unevenly distributed across low- and middle-income countries (LMICs). Sustained capacity building is therefore critical.
Cost barriers remain significant. While sequencing platforms have become more affordable, the cumulative expenses of consumables, quality control materials, cloud computing services, and secure data storage are substantial. Additionally, equipment maintenance, calibration, and occasional repairs can be prohibitively expensive, especially where technical support is limited.[35].
Governance and regulatory challenges further complicate implementation. Many countries lack clear frameworks for genomic data privacy, raising concerns about misuse or unintended disclosure of sensitive information. Cross-border data sharing, essential for regional pathogen surveillance, may be hindered by regulatory inconsistencies or geopolitical constraints. Ethical considerations, including equitable access to sequencing benefits and responsible use of AI-generated insights, must also be addressed to ensure that genomic surveillance supports public health without reinforcing existing inequalities.
6. Existing Surveillance Models in Low-Resource Environments
Several genomic surveillance initiatives in low-resource environments demonstrate the feasibility and public health value of deploying sequencing technologies despite significant infrastructural constraints. The Africa Pathogen Genomics Initiative (Africa PGI) represents one of the most ambitious regional efforts, aiming to expand sequencing capacity across the continent through coordinated investment in infrastructure, training, and data-sharing networks. Its establishment of national and regional hubs has markedly enhanced Africa’s ability to detect and characterize emerging multidrug-resistant (MDR) pathogens. Similarly, national tuberculosis (TB) sequencing programs in India and South Africa have incorporated whole-genome sequencing into routine surveillance and drug-resistance monitoring, enabling more precise treatment regimens and improved outbreak management. Field-based sequencing efforts during Ebola and SARS-CoV-2 outbreaks, particularly through the use of portable Nanopore MinION devices, further demonstrate how real-time genomic data can guide rapid response efforts even in remote or austere settings[36].
Several lessons emerge from these models. First, decentralization of sequencing capacity is essential for timely data generation, reducing reliance on overburdened central laboratories. Second, partnerships with international organizations such as the CDC, WHO, and Africa CDC have been critical for technical support, funding, and harmonization of bioinformatics pipelines. Third, sustainable capacity building, including workforce development and integration of genomic workflows into national public health strategies, is a cornerstone of long-term success.[37].
However, important limitations persist. Despite aspirations for real-time surveillance, data processing and reporting delays remain common due to logistical bottlenecks and insufficient bioinformatics capacity. Integration of genomic outputs into public health decision-making is often incomplete, limiting the operational impact of surveillance data. Additionally, variability in data quality, sequencing coverage, and interpretation can impede cross-site comparability and reduce confidence in results. These challenges underscore the need for strengthened infrastructure, standardized workflows, and continuous investment to fully realize the potential of genomic surveillance in low-resource settings.[38].
7. Predictive Modeling and AI in Real-Time Genomic Surveillance
Artificial intelligence (AI) and predictive modeling are increasingly integral to real-time genomic surveillance, offering the capacity to transform raw sequencing data into actionable public health intelligence. Machine learning models now support genotype-to-phenotype inference by linking specific genetic mutations or mobile resistance elements to observed antimicrobial resistance (AMR) profiles. These tools can predict phenotypic resistance with high accuracy, even for pathogens exhibiting complex resistance mechanisms. Beyond static prediction, early warning models leveraging longitudinal genomic and epidemiological data can identify emerging resistance trajectories, enabling pre-emptive interventions before resistant lineages become entrenched.[39,40].
AI-driven outbreak detection further enhances situational awareness by enabling rapid clustering of related cases and inference of transmission networks. Algorithms trained on genomic distances, epidemiologic variables, and mobility patterns can reveal cryptic transmission events, identify outbreak hotspots, and forecast spread dynamics, even in regions with limited surveillance infrastructure. Such capabilities are particularly valuable in low-resource settings where traditional epidemiological data may be sparse, delayed, or incomplete.[41].
Integration of diverse data streams amplifies the predictive power of these approaches. Wastewater surveillance, increasingly adopted in low- and middle-income countries (LMICs), provides community-level signals of pathogen prevalence and resistance trends, including early detection of MDR organisms that may not yet be identified in clinical settings. When combined with mobile health (mHealth) reporting systems, electronic medical records, and genomic data, AI models can generate high-resolution, real-time insights into pathogen evolution and population-level risk.[41].
However, the adoption of AI in genomic surveillance is not without challenges. Bias in training datasets often dominated by high-income country isolates can reduce model accuracy and applicability in LMIC contexts. Uncertainty in predictions, particularly for novel mutations or underrepresented pathogens, necessitates cautious interpretation. Furthermore, AI outputs must be translated into clear, public health-oriented guidance for decision-makers, avoiding overly technical or opaque results. Ensuring transparency, fairness, and contextual relevance is essential for the responsible deployment of AI-driven tools in real-time genomic surveillance. Figure 1 provides a detailed overview of the integrated laboratory and analytical pipeline that supports real-time genomic surveillance, from sample processing to reporting.
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Figure 1. End-to-end workflow for real-time genomic sequencing and analysis. The diagram illustrates the complete operational pipeline supporting genomic surveillance, beginning with sample accessioning, diagnostic testing, and automated extraction, followed by probe-based amplification and long-read sequencing. Bioinformatics processing includes demultiplexing, variant calling, consensus genome assembly, lineage determination, and integration with patient metadata. Final outputs include consensus genomes, summary reports, and variant analyses, which feed into national public health reporting systems. This integrated workflow exemplifies how laboratory automation, sequencing platforms, and computational pipelines converge to enable timely and high-resolution pathogen surveillance. Adapted from Brochu, H.N., Song, K., Zhang, Q. et al. A program for real-time surveillance of SARS-CoV-2 genetics. Sci Rep 14, 20249 (2024). https://doi.org/10.1038/s41598-024-70697-9

8. Implementation Strategies for Low-Resource Settings
Figure 2 delineates the core structural and operational domains necessary for the establishment and maintenance of effective genomic surveillance systems, offering a conceptual foundation for the strategies discussed below.

[image: Fig. 1]
Figure 2. Key system components required for implementing real-time genomic surveillance in low-resource settings.
The framework illustrates the enabling environment (policy, financing, partnerships), operational capacities (supply chain, laboratory infrastructure, bioinformatics), and mechanisms for quality assurance and data sharing, all of which are essential for sustainable and effective genomic surveillance programs.  Adapted from Getchell, M., Wulandari, S., de Alwis, R. et al. Pathogen genomic surveillance status among lower-resource settings in Asia. Nat Microbiol 9, 2738–2747 (2024). https://doi.org/10.1038/s41564-024-01809-4

Effective deployment of real-time genomic surveillance in low-resource settings requires tailored implementation strategies that balance technological feasibility, financial sustainability, and public health impact. A tiered surveillance framework offers one pragmatic model. At the highest level, central reference laboratories can serve as hubs for complex sequencing, advanced bioinformatics, and quality assurance.[42] Regional sequencing hubs equipped with mid-range platforms and trained personnel can handle routine genomic analyses, providing faster turnaround times for priority pathogens. Complementing these are point-of-care nodes, where frontline clinics and community health centers collect and preserve samples, conduct rapid diagnostic testing, and, increasingly, use portable sequencing devices for preliminary analysis. This tiered approach allows countries to scale genomic capacity progressively while maintaining system coherence.[43].
Cost-effective innovations further enhance feasibility. Reagent reuse strategies, when validated and safe, can stretch limited supplies without compromising data quality. Pooled sequencing approaches reduce per-sample costs by combining specimens for initial screening, reserving individual sequencing for positive pools. Solar-powered mobile laboratories extend genomic surveillance into remote settings, circumventing energy constraints and enabling on-site outbreak investigation.
Building a skilled workforce is critical for long-term success. In-country genomics education programs integrated into university curricula and public health training help cultivate local expertise. Remote training platforms, including virtual workshops and e-learning modules, can deliver ongoing instruction in sequencing, bioinformatics, and epidemiological interpretation. Partnerships with universities, regional networks, and global health organizations support mentorship, resource sharing, and harmonization of best practices.[44].
Robust data-sharing ecosystems are equally important. Open-source software tools reduce dependence on proprietary systems and facilitate transparent, reproducible analyses. National genomic databases enable coordinated surveillance and support policy development.[45]. Harmonization with global repositories such as GISAID and NCBI ensures that data contribute to international early-warning systems and comparative analyses, strengthening global AMR surveillance architecture.
Together, these strategies provide a roadmap for building resilient, scalable genomic surveillance systems that can operate effectively within the constraints of low-resource environments.
9. Ethical, Legal, and Social Considerations
The expansion of real-time genomic surveillance in low-resource settings raises a range of ethical, legal, and social considerations that must be addressed to ensure responsible and equitable implementation. Building community trust is paramount, as public acceptance depends on transparent communication about how genomic data are collected, used, and protected. Questions of data ownership are particularly salient; communities and countries contributing samples should retain agency over their genomic information and benefit from the insights generated. Pathogen origin tracing, while invaluable for outbreak management, also carries risks of stigmatization when specific populations, regions, or facilities are inadvertently portrayed as sources of transmission. Careful framing and context-sensitive communication are therefore essential.[34].
Equitable access to sequencing technologies remains a central ethical imperative. Without deliberate investment, genomic surveillance may widen existing global health disparities by disproportionately benefiting high-resource systems. Similarly, the integration of artificial intelligence into public health surveillance introduces concerns regarding algorithmic bias, transparency, and accountability. AI-driven analyses must be interpretable, validated across diverse populations, and aligned with public health priorities rather than purely technical objectives. Addressing these ethical dimensions is critical for ensuring that genomic surveillance supports global health goals while respecting the rights and dignity of affected communities.
10. Future Directions and Research Priorities
The next phase of real-time genomic surveillance in low-resource settings will be shaped by technological innovation, automation, strengthened global collaboration, and sustainable financing. Advances in next-generation sequencing (NGS) promise to further democratize access, with emerging ultra-low-cost, battery-powered devices enabling genomic analyses in remote environments without stable electricity or laboratory infrastructure. Integrated diagnostic–sequencing platforms, combining rapid pathogen detection with immediate genomic characterization, may offer streamlined workflows that accelerate clinical and public health decision-making[46].
Automation and decentralization are critical research priorities. AI-guided sequencing pipelines capable of autonomously optimizing runs, flagging resistance markers, and generating actionable summaries will reduce reliance on highly specialized personnel. Fully automated sample-to-answer systems could simplify laboratory procedures, minimize contamination risks, and vastly expand the reach of genomic surveillance in understaffed or geographically isolated regions.
At the systems level, strengthening global surveillance networks remains essential. Shared early-warning dashboards that integrate genomic, epidemiological, and mobility data can enhance situational awareness across borders. Regional resilience hubs equipped to provide surge sequencing capacity during outbreaks would support rapid response efforts. Continued refinement of outbreak prediction algorithms, incorporating environmental and behavioral data, will improve forecasting accuracy and preparedness.
Achieving these advances will require sustainable funding models. Government–industry partnerships can catalyze innovation and reduce costs through shared investment, while international financing mechanisms can help ensure that low- and middle-income countries benefit equitably from genomic technologies. Long-term commitment to these priorities is necessary to build resilient, inclusive, and forward-looking genomic surveillance systems.
Limitations
This review has several limitations that should be acknowledged. First, as a narrative rather than systematic review, the selection of literature was not based on a predefined protocol and may not encompass all available evidence on genomic surveillance in low-resource settings. Second, quantitative data on implementation outcomes, cost structures, and diagnostic performance vary widely across studies, limiting the ability to draw standardized comparisons or generalizable conclusions. Third, the evidence base for real-time genomic surveillance in low- and middle-income countries (LMICs) remains uneven, with most documented deployments occurring during large outbreaks such as Ebola or SARS-CoV-2, potentially biasing insights toward emergency rather than routine-use contexts. Finally, rapidly evolving sequencing technologies and analytic tools mean that some assessments may become outdated as new platforms and models emerge. These limitations underscore the need for continued empirical research and more robust reporting on genomic surveillance implementation in resource-constrained environments.

11. Conclusion
The growing threat of multidrug-resistant (MDR) pathogens underscores the urgent need for real-time genomic surveillance systems that can operate effectively within low-resource settings. As traditional diagnostic and surveillance approaches struggle to keep pace with rapidly evolving resistance patterns, genomics offers unparalleled resolution for detecting emerging threats, guiding targeted interventions, and informing public health strategies. The advent of portable sequencing devices, increasingly sophisticated AI-driven analytics, and decentralized surveillance networks has begun to transform what is technically and operationally feasible in environments long constrained by limited infrastructure.
Yet the promise of these innovations will only be realized through deliberate investment in equity, capacity building, and sustainable implementation. Ensuring that low-resource communities benefit fully from genomic technologies requires strengthened local expertise, resilient supply chains, ethical data governance, and financial models that support long-term functionality rather than short-term deployment. As global health systems become more interconnected, the vision ahead is one of a coordinated, predictive, and inclusive genomic surveillance ecosystem, one capable of detecting MDR threats early, responding swiftly, and ultimately reducing the burden of antimicrobial resistance worldwide. Achieving this future will demand collective commitment, but the potential gains for global health security are profound.
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