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[bookmark: _Hlk206067195]Abstract | The escalating volume of plastic debris in the aquatic environment has created a novel ecological niche for microorganisms. This habitat, known as the plastisphere, hosts ecologically diverse microbial communities, yet their degree of divergence in composition and function from natural substrates remains a key topic of debate. In this Review, we provide a comprehensive overview of the aquatic plastisphere, highlighting its community composition, assembly dynamics and key functional traits, such as degradation pathways and nutrient cycling. We explore how this novel environment acts as a critical hub for the persistence and dissemination of human pathogens and antimicrobial resistance. We discuss how dynamic environmental factors, together with complex inter-kingdom metabolic interactions, can reshape community composition, accelerate the evolution of resistant pathotypes and influence pathogen virulence. We conclude by emphasising that climate-induced changes in temperature, ultraviolet light radiation, salinity and hydrodynamic patterns are likely to further influence the microbial composition and phenotypic expression of pathogens within the aquatic plastisphere. Finally, we underscore the need for a One Health approach to study the plastisphere and advocate moving the field from descriptive ecology towards a mechanistic, policy-relevant framework to address the growing public health threat amidst accelerating plastic pollution and climate-driven shifts. 

[H1] Introduction
Each year, an estimated 19-23 million tonnes of plastic enter rivers, lakes and oceans1. Unlike organic matter, plastic fragments can persist in the environment for decades or even centuries, with their surfaces rapidly transformed into living, mobile ecosystems known as the plastisphere2. This transformation begins within minutes of plastics entering the water, with a conditioning layer of dissolved organic matter known as the eco-corona, forming on the plastic surface3,4. This layer can fundamentally alter the surface chemistry of the plastic and function as the foundation for the formation of microbial biofilms, which are complex communities of microorganisms that are embedded within a self-produced matrix of extracellular polymeric substances (EPS)5. Whilst close cell–cell interactions within the plastisphere distinguish this habitat from free-floating (planktonic) microbial assemblages, it is the combination of interactions with the intrinsic surface chemistry and recalcitrance of plastics that contribute to the unique role of the plastisphere as a critical hub for microbial evolution6.
The term ‘plastisphere’ was originally coined for the biofilm communities that bind to marine plastic debris2; however, the concept of the plastisphere has now been expanded to encompass plastic-associated biofilms across diverse ecological niches, including freshwater, soil and the atmosphere7–11. Specific properties of plastics, such as their buoyancy, size, colour, durability and specific surface chemistry, distinguishes them from natural substrates in aquatic environments, and influences how microorganisms attach, interact and persist on plastics​12. The plastisphere therefore represents a novel, engineered, globally distributed and mobile ecological niche that is subject to constant environmental change.
For the past decade, research on the plastisphere has been largely descriptive2,13,14. However, advances in experimental methods and high-resolution omics are now enabling researchers to move beyond simple taxonomic inventories to investigate the ecological drivers, functional traits and interactions that determine how plastisphere communities assemble and function. This has revealed a complex interplay between abiotic factors (light, ultraviolet (UV) light exposure, salinity, oxygen and pH)15–17, material properties (polymer type, particle size and surface chemistry)18, and microbial recruitment from both local (autochthonous) and transient (allochthonous) sources6,9,19–21. The ecological consequences of this dynamism are twofold. Plastisphere consortia can contribute to key ecosystem processes: for example, nitrifying bacteria (for example, Nitrosomonas and Nitrobacter species) facilitate nitrogen cycling22; sulphate-reducing bacteria (Desulfovibrio spp.) can influence sulphur fluxes in sediments23; and certain microalgae can sequester metals and pollutants24, indicating potential applications in bioremediation. Plastics in aquatic systems can also frequently encounter pathogens and antimicrobial resistance genes (ARGs) 25–29 , in wastewater discharge and agricultural runoff, and the plastisphere can therefore act as a hotspot for the evolution of novel pathotypes with increased virulence and antimicrobial resistance (AMR)30,31. Importantly, the buoyancy and recalcitrance of plastics increase the dispersal potential of the plastisphere, which could create novel exposure pathways and amplify potential public health concerns14,32. Longitudinal field studies have traced aquatic plastisphere succession26,33, and high-resolution omics (including long-read metagenomics, metatranscriptomics and metabolomics) have revealed previously hidden taxa, mobile genetic elements (MGEs) and cross-kingdom metabolic interactions34,35. This improved mechanistic understanding of ecological drivers, biochemical transformations and co-selection processes demonstrates that the plastisphere is no longer a mere curiosity, but rather, an experimentally tractable and policy-relevant microbial habitat.
In this Review, we synthesise current knowledge on how plastisphere communities assemble and function in aquatic (marine and freshwater) ecosystems, and critically assesses the current evidence for plastics being reservoirs for pathogens and AMR, with a particular focus on how these processes may be influenced by climate change variables.

[H1] Ecology of the aquatic plastisphere
[H2] Community assembly and succession.
[bookmark: _Hlk202175242]Immediately after a plastic particle enters a waterbody, physicochemical (adsorption of dissolved organic matter and small molecules) result in the formation of a transient conditioning layer that alters surface charge and hydrophobicity and thereby mediates the primary contact of microorganisms with the plastic surface. This eco-corona3,4 fundamentally modifies microbial interactions with plastics by forming biologically active microhabitats that support colonisation, persistence and potential dispersal36,37. It is hypothesised that the formation of the eco-corona represents a critical initial step in plastisphere formation, providing a hospitable interface for microorganisms to colonise plastic surfaces38. In freshwater, estuarine and marine environments39, the eco-corona is seeded by suspended organic matter from, for example, sewage, algal exudates and agricultural run-off, which creates distinct colonisation potential along the freshwater–marine continuum3,4,40, and shapes microorganism recruitment into the plastisphere41,42. Microbial colonisation of plastics in the aquatic environment follows a predictable pattern: conditioning of the surface, reversible attachment of planktonic cells, irreversible attachment of cells with production of microbial extracellular polymeric substances (EPS) and progressive maturation into a structurally complex biofilm43–45 (Fig. 1). The timing of this process varies depending on the environmental context, although taxonomic changes are linked to shifts in the function of the biofilm.
Importantly, the development of the plastisphere is not a one-way process. Although polymer type, plastic additives and the composition of the eco-corona can greatly shape initial colonisation dynamics, the biofilm itself can also modify the plastic substrate46,47. Microbial activity, EPS deposition and surface chemistry can alter buoyancy, the rate of fragmentation and the sorption of contaminants, thereby reshaping transport pathways of the plastic particles and the potential for human exposure scenarios17,48. This bidirectional feedback loop underscores why plastisphere traits cannot be understood solely as a microbial community property as their presence actively determines the persistence, distribution and risk profile of plastics in aquatic systems.
Succession in the plastisphere mirrors many principles of biofilm ecology on natural substrates, but with important divergences. Early microbial colonisers are often fast-growing, copiotrophic taxa that exploit freshly available dissolved organic matter. In marine systems, genera such as Alteromonas and other Gammaproteobacteria commonly dominate these initial phases49,50, whereas in freshwater systems, taxa associated with terrestrial or wastewater inputs (for example Acinetobacter spp. and Flavobacterium spp.) are frequently observed51. Phototrophs (cyanobacteria and microalgae) and eukaryotic diatoms (Navicula spp. and Skeletonema costatum) typically appear in mid-succession52,53, supplying organic carbon and altering surface properties through extracellular polysaccharide production; later successional stages see increased proportions of heterotrophs, degraders and taxa more adapted to microaerobic or anoxic microniches54. Taxonomic succession is accompanied by shifts in community function, from rapid uptake and turnover of labile organic matter toward more diverse capacities for complex polymer transformation, nutrient cycling and secondary metabolism55,56.
The shift from a pioneer assemblage to a nascent biofilm is mediated by a suite of microbial processes that more securely attach cells to the plastic surface. Within hours to days, motile bacteria and other planktonic cells reversibly attach to plastic surfaces; if conditions favour persistence they switch to irreversible attachment and begin producing EPS57. Many bacterial species, such as E. coli and Vibrio spp., use flagellar motility and chemotaxis to actively seek out and initially attach to surfaces58. Once a surface is located, specialised proteins called adhesins, including curli fimbriae in E. coli59 or various adhesin proteins in Vibrio spp.60, facilitate strong, irreversible binding. While this full process has not yet been directly demonstrated for the plastisphere or the eco-corona, it is highly probable that a similar mechanism is involved in the initial colonisation of plastics, which is supported by the well-established principles of bacterial–surface interactions in other environments.
Physical properties of plastic, like surface roughness and hydrophobicity, can either limit or promote initial microbial contact and the subsequent production of the protective EPS61. The EPS matrix both cements cells to the substrate and generates steep micro-gradients of oxygen, redox potential and nutrients that enable metabolic micro-niches to emerge5. These microenvironments underpin the transition from a simple pioneer community to a heterogeneous, mature plastisphere. Crucially, the successional trajectory on plastics is shaped not only by classical biofilm drivers but by aquatic-specific processes, such as particle transport, surface microlayer interactions, and hydrodynamics. While many studies show high taxonomic similarity between pioneer communities on plastics and surrounding natural particles, the unique combination of environmental factors, together with surface chemistry of the plastic substrate and polymer-driven changes in buoyancy, creates distinct ecological trajectories that influence microbial colonisation, activity and function and potential pathogen dispersal62,63. Furthermore, seasonal changes in temperature and light alter growth rates and phototroph abundance43,64,65, whilst pulsed nutrient inputs from wastewater or terrestrial runoff can accelerate successional turnover and promote bloom-forming cyanobacteria in freshwater plastispheres52,53. Plastic particles rapidly transported through aquatic systems may retain pioneer assemblages characteristic of their source waters, whereas longer-resident plastics develop more complex, locally adapted communities43,66.
Protists and small metazoans in the plastisphere graze on bacterial assemblages and thereby also influence community composition54,67. Phage predation can also modulate bacterial population dynamics and horizontal gene transfer (HGT)68, whereas fungal colonisers and cross-kingdom consortia may catalyse the breakdown of complex polymers or alter nutrient fluxes within the biofilm69,70. These biotic interactions make plastisphere succession non-linear and context-dependent, with functional consequences for ecosystem and public-health outcomes. Community-level surveys of viruses and protists in the plastisphere remain limited, but a growing body of work has begun to characterise these groups: viral influences on plastisphere dynamics have been reported in targeted metagenomic and microscopy studies68,71, and protist and microzooplankton assemblages on plastics have been described using metabarcoding and imaging approaches72,73. Together, these studies indicate that viruses and protists are important regulators of plastisphere community composition and gene flow, and they underscore the need for coordinated viral and protistan sampling in future longitudinal surveys.
As the biofilm matures, capacity for nutrient transformation, contaminant sorption and potential plastic degradation increases; in parallel, the potential for recruitment of opportunistic pathogens and MGEs (discussed in later sections) also increases. Thus, understanding when and where particular successional stages arise is central for understanding the effects of plastic pollutants on ecosystem functioning and the potential public health risks associated with plastic debris.

[H2] Factors shaping the plastisphere.
The composition and function of plastisphere communities are shaped by a dynamic interplay of extrinsic environmental conditions (for example ambient temperature, UV light exposure or salinity) and intrinsic factors (for example, polymer properties or microhabitat availability) that collectively govern microbial recruitment and persistence. Polyethylene and polypropylene tend to support higher microbial diversity than plastics such as polystyrene, which is likely due to inherent surface properties that influence microbial adhesion and biofilm formation67. Weathered plastics, with roughened surfaces, cracks and increased surface area, are more likely to create stable microenvironments that shelter microorganisms from environmental stressors like UV light radiation and turbulence74. 
As plastic surfaces age through degradation or photo-oxidation, they release additives, such as plasticisers and stabilisers, many of which are not chemically bound to the polymer matrix, that leach into the surrounding water75. Examples of leachates include dissolved organic carbon (DOC), which is readily available for microbial utilisation; and volatile organic compounds (VOCs), such as methane and ethylene76, which are important signalling molecules, but also important greenhouse gases. In aquatic environments, this leachate plume can functionally resemble natural pulses of labile DOC from algal exudates or detritus, although plastic-derived DOC and VOCs often persist longer, creating more consistent hotspots of microbial activity and promoting colonisation by specific bacterial groups77,78, which distinguishes plastisphere microhabitats from surrounding natural particles.
 Polymers commonly found in the environment as pollutants (polyethylene, polypropylene, polyethylene terephthalate (PET), and polyvinyl chloride (PVC)) differ in their hydrophobicity, additive load and degradation susceptibility79,80, with some evidence for colonisation by distinctive microbial assemblages. For example, Pseudoalteromonas, Halomonas and some Vibrio spp. have been suggested to be enriched on polyethylene and polypropylene in marine settings81,82, and PET surfaces have been suggested to be preferentially colonised by Shewanella and Marinobacter (taxa often associated with hydrocarbon or polymer-associated carbon metabolism) in estuarine contexts83. However, contrasting evidence demonstrates no significant influence of polymer type on microbial community composition, with extrinsic environmental conditions often being the primary determinant84,85. Size and shape of plastics in aquatic environments have a variable influence on microbial community composition63,86; however bacterial communities that colonise smaller fragments (<100 µm) have been shown to have higher metabolic activity. Colour and opacity of plastics in water can affect light penetration and surface heating, indirectly influencing recruitment of phototrophs such as Synechococcus, Prochlorococcus in the open ocean or bloom-forming Microcystis in eutrophic freshwater18. Furthermore, polymer–environment interactions determine whether plastics remain at the surface, become less buoyant or fragment into secondary microplastics87; consequently, such processes drive the ecological dispersal and dissemination behaviour that is unique to aquatic plastispheres.
Marine plastispheres are commonly associated with Gammaproteobacteria (for example, Alteromonas, Vibrio, Pseudoalteromonas species), Alphaproteobacteria (for example, Erythrobacter species) and phototrophs such as marine diatoms, although composition varies strongly with location, season and the amount of time the plastic has been in the water2. Freshwater plastispheres, particularly those influenced by wastewater effluent, are frequently enriched in taxa associated with nutrient-rich or anthropogenic inputs (for example, Acinetobacter, Aeromonas and Sphingomonas spp. and Bacteroidetes such as Flavobacterium)28,88,89. Catchment land-use and wastewater discharge can strongly influence plastisphere composition, especially in freshwater systems. Temperature and light modulate phototroph-driven carbon supply and metabolic rates, whereas UV-light driven photo-oxidation of plastics produces oxygenated, low-molecular-weight leachates that can favour fast-growing copiotrophs90,91. Nutrient regimes shift the balance between oligotrophs and copiotrophs: plastics in oligotrophic waters often show cyanobacterial or other phototroph signatures92,93, whereas eutrophic estuaries and wastewater plumes select for rapid-growing heterotrophs and bloom-formers91,94. Chemical contaminants associated with the plastisphere microenvironment (heavy metals, hydrocarbons) further select for tolerant taxa (for example, metal-resistant Shewanella spp.) and for functional genes involved in detoxification and degradation17,93. This microenvironment is further complicated by the fact that plastic surfaces also sorb trace levels of antibiotics from the surrounding water, effectively creating a zone of sub-inhibitory concentrations of residual antibiotics. These sub-lethal conditions are known to be potent drivers of AMR, facilitating the HGT of ARGs and the selection of multi-drug resistant (MDR) lineages, making the plastisphere a 'hotspot' for resistance evolution95.
More generally, predation by protists, viral lysis by bacteriophages and competition or facilitation among microorganisms (for example, bacteria–diatom associations) further reshape plastisphere community trajectories68,96. Taken together, these interacting axes create a mosaic of plastisphere successional states: the same polymer may host a degradative consortium dominated by Shewanella or Marinobacter spp. in a warm, nutrient-rich estuary yet a sparse assemblage dominated by Prochlorococcus or Synechococcus spp. in an oligotrophic gyre97,98. Identifying which substrate, milieu or source community dominates in each setting is therefore essential for predicting functional outputs such as degradation potential, contaminant sorption and the likelihood of pathogen or AMR carriage.

[H2] The plastisphere versus biofilms on natural substrates.
The degree to which the plastisphere represents a truly novel ecosystem, distinct from biofilms colonising natural substrates remains a core debate. Although the plastisphere concept originated from the observation that communities were distinct from the surrounding water column, there is no clear consensus of whether plastisphere communities are distinct from microbial biofilms on natural substrates such as wood, detritus and macroalgae99,100. Several meta-analyses and regional comparisons have demonstrated that overarching extrinsic environmental variables (such as salinity, temperature and nutrient concentration) are often the primary drivers of community structure, and result in substantial taxonomic overlap between plastic and natural biofilms within the same water body 14,43. However, the unique environmental ecology of the plastisphere may not lie in its taxonomic novelty, but rather in the functional traits that are selected for on plastic surfaces, such as enhanced ARG mobility and the concentration of high-risk human pathogens. Therefore, shifting our focus away from plastisphere taxonomy will enable a much greater understanding of the functional ecology of this novel and pervasive habitat.

[H2] Microorganism–microorganism interactions in the plastisphere.
The plastisphere is a dense, 3D niche for biological interaction. Close physical proximity within the EPS matrix amplifies the potential for metabolic exchange, competition, predation and genetic exchange, producing ecological outcomes that cannot be predicted from planktonic communities alone. Competition for space and resources within the plastisphere may drive the production of secondary metabolites and biosurfactants that further shapes community composition; for example, marine Pseudoalteromonas species produce bioactive compounds that inhibit competitors101, whereas Pseudomonas spp. secrete rhamnolipid biosurfactants that modify surface tension and nutrient availability102. Such chemical warfare can suppress potential colonists or, conversely, create niche opportunities for resistant taxa.
Beyond direct competition, heterotrophic nanoflagellates and ciliates graze on bacterial populations and thus shape biofilm community diversity by selectively removing abundant taxa2,103, similarly predatory bacteria (for example, Bdellovibrio-like organisms, Saprospira spp. and myxobacteria) exert additional pressures104. Infection and lysis by bacteriophages and cyanophages reduce dominant populations and can catalyse HGT through transduction, with important consequences for gene flow in biofilms68,96. Protist-mediated interactions can also be facilitative: protists grazing on biofilms release dissolved organic matter that fuels bacterial growth but may also increase opportunities for gene exchange105. Thus, inter-microbial dynamics can be pivotal for localised ecological functioning and to the public-health profile of the aquatic plastisphere.

[H2] Functional traits and degradation potential in the plastisphere.
Plastisphere communities actively alter polymer surfaces and thereby change the environmental fate and ecological consequences of plastic debris (Fig. 2). Microorganism–plastic interactions are determined through a combination of abiotic and biotic processes, for example, UV light-driven photo-oxidation and mechanical weathering introduce labile functional groups and surface defects106, which can then be further exploited by microbial consortia. The physical pressure of EPS accumulation on the plastic surface and the penetration of fungal hyphae, further increase localised chemical transformations107,108. 
Marine and freshwater environments are unlikely to support the sustained physiological conditions required for the complete mineralisation of plastic polymers (unlike conditions in engineered systems such as composting reactors, with optimised temperature, oxygenation and nutrient inputs). However, frequent reports of altered surface chemistry, reduced tensile strength and changes in buoyancy demonstrate that microbial activity can produce measurable indicators of plastic degradation109,110. This partial degradation, combined with mechanical fragmentation, generates secondary micro- and nano-plastics, increasing both habitat for microbial colonisation and potential trophic exposure. Claims of complete microbial biodegradation should be treated with caution, as microbial growth in the presence of plastic does not always equate to polymer mineralisation. Many studies lack the mass-balance evidence or isotope tracing needed to confirm complete mineralisation. Enzymatic depolymerisation has been best documented for PET, where the isolated bacterium Ideonella sakaiensis secretes PETase and MHETase to hydrolyse PET into mono(2-hydroxyethyl) terephthalate (MHET) and terephthalic acid111,112; PETase-like and cutinase-type loci have since been detected in diverse plastisphere metagenomes, suggesting that PET-degradative potential is more widespread than this single isolate implies. For aliphatic polymers such as polyethylene and polypropylene, oxidative attack at chain ends is often the first microbial step: alkane hydroxylases and monooxygenases (enzymes associated with taxa including Alcanivorax, Marinobacter, Rhodococcus and some Pseudomonas spp.) introduce oxygenated groups that increase hydrophilicity and enzyme accessibility113,114. Although PET, polyethylene and polypropylene are most widely studied, comprehensive assessments of degradation potential must expand to include commercially relevant polymers like PVC, acrylonitrile butadiene styrene (ABS) and various biopolymers, to understand their full environmental fate.
Filamentous fungi (for example, Aspergillus, Penicillium, Fusarium spp.) and certain bacteria (for example, Bacillus, Pseudomonas, Rhodococcus spp.) produce oxidative enzymes, including laccases, peroxidases and esterases, that can transform plastic binders and additives115–117. Such enzymatic activities promote surface oxidation, embrittlement and fragmentation of plastics, contributing to both the chemical and physical evolution of the plastisphere. Importantly, enzymatic actions are frequently synergistic with abiotic weathering: sunlight primes the polymer, microorganisms depolymerise oligomers and biofilm physical processes (EPS accumulation and, in the case of fungal hyphae, surface penetration) accelerate embrittlement and mechanical fragmentation, producing secondary micro- and nano-plastics that change transport dynamics and increase trophic exposure118,119. 
	Beyond direct substrate alteration, the plastisphere also contributes to ecosystem-level chemical transformations. Biofilms produce steep microgradients of oxygen and redox potential that can create nitrification and sulphur-cycling microzones. Ammonia-oxidising bacteria such as Nitrosomonas spp. and nitrite-oxidising Nitrobacter have been detected in plastic biofilms120, and sulphate-reducing taxa like Desulfovibrio generate localised reducing niches in anoxic microenvironments121, with consequences for metal speciation and, following plastic incorporation into sediments, localised geochemistry within aquatic systems. Plastisphere biofilms can also sorb and transform contaminants; for example, microalgae and EPS matrices concentrate heavy metals and hydrophobic organic pollutants47, whereas associated bacteria such as Shewanella spp., Marinobacter spp. and members of the Sphingomonadaceae are frequently implicated in hydrocarbon and pesticide metabolism122,123. Production of biosurfactants (for example, rhamnolipids by Pseudomonas spp.) can enhance bioavailability of hydrophobic compounds and thus accelerate biotransformation102. Biofilm accrual alters particle buoyancy and settling behaviour124, which can redistribute contaminants and microorganisms vertically through the water column, and eventually into sediments125,126.
Activity of the plastisphere community can also contribute to local pollutant transformation, together with some degree of polymer depolymerisation and nutrient cycling (under controlled conditions), which offers prospects for engineered bioremediation consortia65,127. However, enzymatic and physical fragmentation releases de novo chemical leachates, and increases the abundance of secondary micro- and nano-plastics which have increased bioavailability and are harder to remediate. 

[H1] Human pathogens in the plastisphere
The same properties that make plastic a suitable habitat for microbial communities, also provide new pathways for the potential transport and dissemination of human pathogens and ARGs (Fig. 3). Although natural substrates like wood or detritus also offer some degree of physical protection to attached pathogens, the recalcitrant and mobile nature of plastics, combined with the chemical selection pressures from leachates, makes them functionally distinct vectors for enhanced survival and dispersal. Over the past decade, research has almost exclusively focused on human pathogens in the plastisphere100; however, there is the same potential for plastic debris to act as a vector for animal and plant pathogens107,128,129 extending the public health concern to veterinary and agricultural systems. In this section, we consider the complex environmental and inter-kingdom interactions that shape virulence gene expression and persistence of human pathogens within the plastisphere.

[H2] Identification and transmission of pathogens.
[bookmark: _Hlk202175447]Human pathogens can enter aquatic environments through the discharge of treated or untreated wastewater, urban and agricultural runoff, and via direct inputs from livestock and wildlife130,131. Plastisphere communities in urban and peri-urban surface and coastal waters are influenced by human activities and consistently harbour taxa that are associated with faecal and environmental contamination28,31,132, for example, Listeria monocytogenes, Escherichia coli, Klebsiella pneumoniae, Acinetobacter spp., Salmonella serovars and Campylobacter species28,88,133,134. By contrast, marine plastispheres tend to be dominated by Vibrio, which includes several species that can cause human diseases; for example, V. cholerae and V. vulnificus135,136, with notable potential for human exposure via the ingestion of contaminated water and aquatic organisms137. From a regulatory perspective, risk assessments for plastic pollutants are grounded in ecotoxicological endpoints such as mortality, growth, reproduction, immune biomarkers and microbiome disruption in sentinel species. Embedding plastisphere-derived pathogen and AMR data into these endpoints will enable alignment of microbiological evidence with the measures currently used to inform environmental and public health policy18,99,138. 

[H2] Virulence gene expression and inter-kingdom drivers.
Evidence for consistent upregulation of canonical virulence determinants in natural plastisphere settings remains scarce139. This paucity of in situ expression data is a major gap that complicates efforts to connect plastisphere colonisation with disease transmission. However, controlled mesocosm and laboratory studies have demonstrated that plastics and plastic leachates can alter gene expression and stress resilience in model organisms77,140. We therefore highlight where evidence is empirical (pathogen survival and gene expression under controlled conditions) and where inference remains speculative (epidemiological impact and increased disease transmission).
Exposure to plastic-derived chemicals or adsorbed pollutants can induce stress responses in pathogens, enhancing persistence and stress tolerance. Induction of stress-response genes (for example, heat-shock proteins) is well documented following exposure to plastic; these primarily support survival, and only some studies report concomitant changes in the regulation of virulence141–143. Pressures are compounded in aquatic systems where UV light irradiance at the surface microlayer, salinity shifts across transitionary waters and intermittent desiccation in intertidal zones impose additional selection that consistently upregulates stress-response pathways and, in limited cases, virulence-associated regulation144,145. Although enhanced survival of human pathogens on plastics is well documented, direct activation of canonical virulence determinants (for example, toxin, adhesion or invasion programmes) or demonstrable transmission to a host remains inconsistently demonstrated 146,147. Exposure to phthalates, which are commonly leached from plastics, can induce oxidative stress in bacteria, potentially upregulating genes associated with general stress responses (for example, recA, dnaK) that can indirectly enhance survival and virulence77,148. Furthermore, exposure to positively charged nanoplastics can induce physiological stress in foodborne pathogens like E. coli O157:H7, which can increase their virulence by upregulating genes for the production of Shiga-like toxin 149. This suggests that plastic debris acts as an evolutionary incubator, driving adaptive phenotypic changes that can enhance the pathogenic potential of opportunistic microorganisms. 
The increased surface roughness of weathered plastics is efficient at adsorbing waterborne pollutants, including heavy metals and residual antibiotics150, which can act as co-selective agents for the enrichment of ARGs18,146, with metal resistance genes and virulence factors co-located in some isolates151. Several in vitro mesocosm studies have quantified the virulence of pathogenic bacterial species in the plastisphere before and after simulated environmental stressors, for example, UV-light irradiance, desiccation, increased temperatures and flooding140,152–154. These studies demonstrate that plastic-associated biofilms can protect pathogens like E. coli and Vibrio species from UV-light radiation and desiccation, notably increasing their survival time compared to planktonic cells.
[bookmark: _Hlk202177306]Despite detailed taxonomic information on microbial diversity, we still lack an understanding of how community composition affects the abundance and pathogenicity of human pathogens in the plastisphere. This is further compounded by the majority of plastisphere studies being almost exclusively focused on bacterial species, with relatively few studies examining the diversity of eukaryotes (including eukaryotic pathogens) within the plastisphere155, despite high-throughput sequencing revealing that eukaryotic reads frequently constitute a dominant fraction of the total ribosomal sequence data62,72. Information on viral, protozoan and fungal pathogens in the plastisphere are often limited to terrestrial, in vitro or metagenomic analyses107,156,157. Emerging data demonstrates the potential for colonisation of plastic debris in natural freshwater and marine environments by clinically relevant fungi such as Aspergillus, Candida and Fusarium158,159; similarly, phage68 and viral pathogens such as norovirus and adenovirus can adhere to plastic particles in wastewater effluent28. Plastics persist is aquatic systems as stable substrate surfaces, and therefore function as cross-kingdom contact zones. Beyond direct pathogenic roles, inter-kingdom chemical signalling within the plastisphere can profoundly influence microbial community structure and function. For example, extracts from plastisphere-associated fungi can exhibit antiviral activity against human respiratory and herpes viruses160, demonstrating the complex and often underappreciated drivers of community dynamics that can indirectly affect pathogen prevalence or survival. Such inter-kingdom dynamics demonstrate the potential for the plastisphere to function as an ecological incubator for complex microbial interactions, often with public health relevance161–164. Fungal metabolites such as organic acids and reactive oxygen species can reshape bacterial composition and even influence virulence expression by affecting pH-sensitive virulence factors in bacteria or through complex metabolic interactions in polymicrobial settings165.
[H1] Antimicrobial resistance 
[H2] Mobile genetic elements as drivers of plastisphere function.
In addition to being potential reservoirs for human pathogens62,128, aquatic plastisphere biofilms are also hotspots for the persistence and evolution of AMR, driven by selective pressures and unique physical conditions166,167. These functional capacities are underpinned and reshaped by MGEs. Genes encoding PETase, cutinases, alkane monooxygenases and other degradative enzymes are sometimes located on plasmids or genomic islands, enabling HGT of degradative potential among plastisphere taxa. At the same time, plastisphere metagenomes consistently show enrichment for accessory systems, such as metal-resistance determinants147,168, efflux pumps169 and enzymatic detoxification pathways170 that permit microorganisms to tolerate additives and sorbed pollutants. The biofilm environment is also highly permissive for the acquisition and horizontal exchange of ARGs. For example, class 1 integrons are frequently detected in biofilm-associated pathogens such as P. aeruginosa and facilitate the capture and expression of diverse resistance cassettes171. IncP-type plasmids have been shown to transfer efficiently between Gram-negative bacteria within mixed-species biofilms, highlighting the role of surface-associated growth in enhancing conjugation frequencies172. Similarly, transposon-mediated gene mobilisation has been documented in Enterobacteriaceae biofilms, accelerating the spread of multidrug resistance determinants173. Moreover, the accumulation of extracellular DNA within the EPS matrix not only stabilises biofilm structure but also serves as a readily available substrate for natural transformation, as demonstrated in Acinetobacter baumannii and other opportunistic pathogens174. Consequently, ARGs such as bla (β-lactamases), tet (tetracycline resistance), sul (sulfonamide resistance) and plasmid-mediated quinolone determinants (qnr) are detectable in plastisphere communities, especially on plastics sampled near wastewater-impacted waters18.
The high cell density and stabilising extracellular DNA characteristic of aquatic plastisphere communities (a feature common to all biofilms), create ideal conditions for gene exchange and can accelerate the spread of resistance. This process is amplified by the material properties of plastic: their recalcitrance provides a persistent habitat, and their buoyancy enables mobility, meaning they are repeatedly exposed to inputs of antimicrobials (for example, from wastewater effluent) and microorganisms carrying ARGs. The plastisphere can also select and enrich for AMR bacteria, amplifying resistance phenotypes beyond those in planktonic communities175,176.This is likely driven by the unique physical and chemical characteristics of the plastisphere, with the protective biofilm structure increasing bacterial resilience to antimicrobial compounds and heavy metals, and an increased potential for genetic exchange within the high density of cells146,177. Furthermore, the plastic surface promotes the co-colonisation of different bacterial species, accelerating the co-selection and spread of resistance traits178. In mesocosm experiments, phthalates and bisphenols leached from polyethylene and PVC microplastics can enrich for MDR genes in estuarine and marine bacterial communities179,180. Therefore, the intrinsic structure and dynamics of specific plastisphere communities (shaped by plastic-associated selective pressures), are likely to be a stronger determinant of AMR than the age or condition of the plastic surface alone12. This makes the plastisphere not just a passive sink but a potential source of clinically relevant resistance traits, particularly near effluent sources, with important implications for waterborne transmission and aquatic food safety.

[H2] Genetic exchange in the plastisphere.
Plastisphere biofilms are dynamic environments that foster HGT and create conditions that make genetic exchange more likely than in surrounding planktonic communities (Fig. 4). Although the high cell density and close proximity within any biofilm environment can facilitate HGT, the distinct physical and chemical characteristics of the plastisphere amplify this effect. For example, conjugation is particularly enhanced in the plastisphere170: close cell-to-cell contact within biofilms increases transfer rates of Inc-type plasmids carrying ARGs such as bla_TEM, bla_CTX-M, NDM-1 carbapenemases, and tetracycline determinants (tetA, tetM)181. Furthermore, bacteria associated with microplastic surfaces undergo a higher frequency of plasmid transfer compared to free-living cells or natural aggregates182. Charges on the surfaces of plastics can also influence the rate of conjugative transfer of ARGs in bacterial pathogens183.Plastisphere communities on polyethylene can actively share ARGs via conjugation in estuarine environments180, and conjugation rates of ARGs are significantly higher in the plastisphere compared to control wastewater communities184. Conjugative plasmids, such as the RP4 plasmid in E. coli, can also promote more stable colonisation of bacteria on microplastics, which suggests that surface attachment to plastics enhances bacterial conjugation185. Therefore, the plastisphere may not only concentrate resistance traits but also act as a spillover point, transferring ARGs to surrounding environmental microbiota and thereby influencing resistance dynamics far beyond the plastisphere. 
In contrast to conjugation, evidence for transformation within plastisphere biofilms is more limited. However, the hydrophobic surfaces of plastics can help trap extracellular DNA (eDNA) from lysed cells, creating a reservoir of genetic material186,187. The EPS matrix may also function as a genetic reservoir, facilitating the development of adaptive traits through the uptake of stabilised eDNA188,189. In aquatic systems this is especially important, as eDNA released into water is rapidly degraded, whereas stabilisation within the plastisphere can extend its genetic availability181. The unique plastisphere environment can also facilitate other, less-studied methods of genetic material exchange. For example, exposure to PET microplastics can induce oxidative stress and membrane disruption in E. coli, leading to an upregulation of stress-response genes and outer membrane vesicle (OMV) secretion. This process, known as vesiduction, promotes the transfer of ARG-encoding plasmids between E. coli cells190. Similarly, bacteriophages can become trapped within the biofilm matrix, increasing their interaction with bacterial cells and potentially facilitating phage-mediated transduction of virulence genes68,71.
Although genetic exchange within biofilms is a well-examined process in bacteria, emerging evidence suggests it may also be an important mechanism in eukaryotes, particularly unicellular organisms found in aquatic environments191,192. In the plastisphere, unicellular eukaryotes may acquire foreign genetic material by phagocytosis of bacteria, viral transduction or direct uptake of eDNA. These processes would enable eukaryotes in the plastisphere to adapt to environmental stressors, including pollutants, by incorporating novel genetic material into their genomes. Together, these exchange processes knit pathogens, commensals, and environmental microbes into shared gene pools, providing the mechanistic basis for why the plastisphere is emerging as both a resistance reservoir and a potential crucible of novel pathotypes.

[H2] Antifungal resistance in the plastisphere.
Aquatic environments, particularly those influenced by agricultural runoff and wastewater discharge, can be important reservoirs for various antifungal compounds, including azoles, polyenes and echinocandins193,194. These compounds readily adsorb to plastic surfaces, a process that can be influenced by the plastic polymer type and its degree of weathering86,195. In aquatic environments, plastics provide a particularly effective sink for antifungal compounds because of their high surface-area-to-volume ratio and continual exposure to contaminated effluents. This adsorption effectively concentrates the selective pressure, promoting the adaptation, persistence, and proliferation of resistant fungal communities on the surface of plastic pollutants196,197. The unique conditions within the plastisphere may further accelerate this process as the biofilm matrix shields fungal cells and/or hyphae from higher-dose antifungal exposure, which enables them to adapt to a low-level exposure and develop resistance. Inter-kingdom interactions within the biofilm can also influence antifungal resistance; for example, some bacteria produce compounds that modify fungal cell membranes, potentially altering their susceptibility to antifungal agents198. This differential selective pressure, driven by the varying dilution and contaminant type between aquatic and terrestrial environments (as seen with terrestrial mulching films), suggests a mechanistically distinct role for the plastisphere across different environmental compartments.

[H1] Conclusions and future perspectives
The aquatic plastisphere represents a critical interface between plastic pollutants, microbial communities and environmental health. It poses an important One Health challenge in freshwater, estuarine and marine ecosystems, as plastics act as both physical pollutants and mobile vectors, facilitating human and animal exposure to opportunistic pathogens and AMR determinants. Furthermore, the convergence of increasing plastic pollution and climate change is likely to amplify these risks, potentially intensifying pathogen emergence and expanding the global dissemination of AMR via aquatic pathways. The necessary framework for understanding and addressing these impacts is detailed in Box 1. We argue that the unique role of the plastisphere as a convergence point for the three major global threats — climate change, AMR and chemical pollution — provides a compelling, multi-faceted narrative necessary to mobilise urgent global political action under existing frameworks like the UN Plastic Treaty and WHO AMR initiatives.
The next frontier in plastisphere research needs to move from purely descriptive inventories towards mechanistic models that can link succession, functional traits, and pathogen and AMR emergence, and enable predictive ecological and risk-based frameworks. Importantly, these models must also operate across scales; that is, from molecular and chemical processes on plastic surfaces, to community-level succession and inter-kingdom interactions, to ecosystem-scale impacts on nutrient cycling and transport, and finally to One Health outcomes in surveillance and clinical risk assessment (Box 2). Microbiology is uniquely positioned to quantify whether the plastisphere is a marginal curiosity or a transformative driver of AMR and pathogen ecology. The discipline’s experimental, omics and eco-engineering toolkit provides the means to close this gap within the next decade. Establishing the plastisphere’s true significance now will determine whether it is remembered as a fleeting artifact of pollution or recognised as a critical vector in global health. 

To effectively address the risks and opportunities posed by the plastisphere, future research needs to prioritise a greater mechanistic and ecological understanding of this novel habitat. Marker gene sequencing (for example, 16S rRNA) provides community profiles but with limited functional inference, whereas shotgun metagenomics can resolve ARGs and mobile elements but requires high sequencing depth to capture low-abundance functions. Therefore, metatranscriptomics, metaproteomics or stable-isotope probing are essential to demonstrate active metabolism, yet these approaches remain under-used in plastisphere studies. We advocate for a stronger focus on the mechanisms of HGT, including inter-kingdom interactions in the plastisphere (together with a greater emphasis on viral and eukaryotic components), to track the movement of AMR and virulence traits between environmental and pathogenic species. However, we must move away from merely identifying the presence of genes to confirming their functional expression (including infectivity, and virulence phenotypes) to more accurately assess the public health risks of the plastisphere. 
Standardising methodologies for robust comparisons between studies, including adopting standardised protocols for deploying sentinel plastics into the environment, and integrating high-throughput, low-cost molecular techniques (for example, qPCR arrays for ARGs) into existing international monitoring programs, will be essential for collecting meaningful meta-data within a global context. All of these approaches need to be complemented by the development and validation of models that incorporate specific enrichment factors and transfer rates observed on plastic surfaces in order to move beyond hazard identification and develop quantitative risk assessment.
Beyond potential public health threats, the unique conditions of the aquatic plastisphere offer compelling opportunities for biotechnological applications. Microbial communities adapted to plastic surfaces could be harnessed for bioremediation in polluted waterways, aquaculture systems, and coastal environments. The enzymatic diversity within plastisphere consortia represents a valuable resource for industrial catalysis, wastewater treatment innovations, and novel biosensor development. Selective pressures within the plastisphere may also drive the production of new antimicrobial compounds or enzymes with medical or industrial applications. Furthermore, plastisphere biofilms could function as sentinel communities for environmental monitoring, with shifts in taxonomic or functional composition providing early-warning indicators of ecosystem stressors in aquatic habitats.
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Fig 1. Community assembly on plastics: from eco-corona to catchment-to-coast succession. a) Upon entering aquatic environments, plastics and naturally derived organic particles rapidly acquire an eco-corona of adsorbed organic matter, proteins and ions. This conditioning film facilitates the attachment of pioneer microorganisms and initiates sequential primary, secondary and tertiary colonization. Although organic particles undergo microbial decomposition and eventual mineralisation, plastic particles persist, acting as recalcitrant, long-lived substrates that sustain repeated waves of colonisation and dispersal. This persistence underscores the ecological problem posed by plastics: unlike organic debris, they represent enduring surfaces for microbial community assembly across the continuum of aquatic environments. b) Successional dynamics differ between freshwater and marine plastisphere communities. In freshwater, early colonisers include Bacteroidetes (for example Flavobacterium spp.), followed by Betaproteobacteria, viruses, protists and saprophytic fungi, which collectively decompose organic matter and stabilise biofilm structure. These are succeeded by specialist degraders capable of metabolising plastic-derived substrates, as well as higher trophic level microorganisms and grazing macrofauna. As plastics are transported downstream into marine environments, environmental filtering (salinity, temperature and nutrient availability) reshuffles plastisphere composition and colonisation by marine associated organisms. In the marine environment, plastics are rapidly colonised by Gammaproteobacteria (for example, Alteromonas) and marine cyanobacteria. Later stages are dominated by Vibrio spp., Pseudomonas spp., and marine-adapted fungi and protists, followed by the recruitment of specialist degraders and higher trophic organisms. This catchment-to-coast progression highlights how plastics act as persistent microbial substrates, undergoing continual ecological succession and recolonisation, in contrast to the transient trajectories of degradable organic particles. Plastics and pathogens enter the aquatic environment from diverse terrestrial and anthropogenic sources (arrows), including, for example, urban runoff, agricultural fields, and wastewater treatment plants (WWTP). 


Fig. 2. The plastisphere as a transient metabolic hotspot. Plastisphere biofilms function as dynamic metabolic niches where microbial communities mediate the degradation of plastic polymers; however, this capacity is not universal and is often restricted to certain semi-crystalline polyesters, such as PET, rather than highly recalcitrant polyolefins.  Specialist microorganisms in the plastisphere use a suite of hydrolytic and oxidative enzymes, including cutinases, PETases and MHETases, to depolymerise plastics such as polyethylene terephthalate (PET) into soluble oligomers and monomers (for example, ethylene glycol and terephthalic acid monomers). These processes contribute to the fragmentation of larger plastics into microplastics and nanoplastics, which pose additional risks to humans and wildlife through ingestion, trophic transfer and tissue penetration. Liberated monomers and oligomers are subsequently metabolised, for example, Ideonella sakaiensis utilises PET monomers as carbon and energy sources (not shown), whereas Pseudomonas spp. and Rhodococcus spp. convert intermediates into carbon dioxide, or into organic acids such as succinate acetate, and lactate, which can feed into local trophic networks. Beyond polymer degradation, plastisphere communities engage in nutrient cycling processes that reinforce their persistence and can influence aquatic biogeochemistry. The plastic surface acts primarily as a stable physical niche for these communities rather than a chemical substrate; for example, nitrogen-fixing bacteria can utilise the biofilm environment to convert N2 into ammonia (NH3) and ammonium (NH4+). Nitrifying bacteria (for example, Nitrosomonas and Nitrospira) oxidise ammonium to nitrate, whereas denitrifiers (for example, Paracoccus denitrificans or Pseudomonas stutzeri) reduce nitrate to nitrogen gas, closing the nitrogen cycle within biofilms. Similarly, sulphate-oxidising bacteria such as Thiobacillus spp. and Beggiatoa spp. generate sulphate, whereas sulphate-reducing bacteria including Desulfovibrio spp. reduce sulphate to hydrogen sulphide, shaping local redox conditions. These interlinked nitrogen and sulphur transformations, together with plastic degradation, highlight the plastisphere as a transient metabolic hotspot, where the recalcitrant plastic provides the surface for concentrated cycling of external nutrients facilitated by high microbial density.

Fig 3. Sources and exposure pathways for human pathogenic bacteria in the plastisphere. Aquatic systems can be contaminated by sewage spills, wastewater discharge, agricultural runoff enriched with fertilisers, pesticides, manure and antibiotics, and shipping and fisheries waste. Furthermore, lakes and reservoirs can accumulate urban stormwater and industrial effluents. Interactions between plastics and pathogens in the aquatic environment occur through a range of anthropogenic activities, which can select for plastisphere microbiomes with enhanced antimicrobial resistance (AMR) and nutrient-cycling capacity, and thus create hotspots for plastic deposition and microbial colonisation. Within aquatic environments, human and zoonotic pathogens, including Escherichia coli (including shiga-toxin-producing strains), Vibrio spp., Acinetobacter baumannii, Aeromonas spp., Staphylococcus aureus and Enterococcus spp., are commonly detected in plastisphere biofilms. These organisms can persist and adapt within the plastisphere, where the extracellular polymeric matrix offers protection and facilitates close microbial interactions. Once colonised, contaminated plastics create potential health risks for humans and animals through a range of exposure routes, including direct recreational contact (for example, open-water swimming); trophic transfer through ingestion of contaminated seafood, (for example, filter-feeding bivalves); agricultural irrigation introducing pathogens to soils and crops (with the potential for pathogens and microplastics to be introduced into the food chain); and long-range dispersal through the aquatic environment can also enable pathogens to establish in new ecological niches. Together, these dynamics emphasise the dual role of the plastisphere as a persistent pollutant and as a biological vector of infectious risk.



Fig 4. Schematic of potential horizontal gene transfer mechanisms within the plastisphere. The plastisphere provides a dense, chemically complex biofilm niche that concentrates microbial cells, mobile genetic elements (MGEs) and extracellular DNA. These conditions favour multiple horizontal gene transfer (HGT) pathways, including conjugation, facilitated by high cell density and plasmid-carrying taxa enriched on plastics (for example, IncP, IncF, IncA/C plasmids)178,182 (left panel). Natural transformation may be promoted by the accumulation of extracellular DNA within the biofilm matrix and enhanced competence under stress174,186. Transduction occurs via phage communities that show distinct enrichment patterns on microplastic surfaces68,96. Vesiduction, mediated by outer-membrane vesicles carrying DNA cargo, also contributes to the exchange of antimicrobial resistance genes (ARGs) and MGEs181. Co-selective pressures, including heavy metals, sub-inhibitory antibiotics, bisphenol and phthalate leachates, and reactive oxygen species, can further increase MGE transfer rates and maintain ARGs within plastisphere communities77,151. In the right panel, inter-kingdom mechanisms of HGT are depicted: protist predation and phagocytosis create opportunities for gene acquisition, while viral shuttling moves genetic cargo across domains. Additionally, interdomain conjugation between bacteria and eukaryotes, alongside endosymbiotic events, further facilitates these complex cross-kingdom exchanges within the biofilm. Collectively, these processes may enhance the dissemination of antimicrobial resistance (AMR) and virulence determinants across environmental and potentially pathogenic taxa. The plastisphere therefore represents both a sink and a source of ARGs, enabling dissemination across bacteria, archaea and eukaryotes, with important One Health implications.


Box 1. The plastisphere in a one health and climate change context.
The convergence of accelerating plastic pollution and climate change is likely to amplify the health risks of exposure to opportunistic pathogens and antimicrobial resistance (AMR) determinants, transforming the plastisphere into a major conduit for pathogen emergence and the global dissemination of AMR. Current climate models predict substantial changes in temperatures, ultraviolet (UV) light radiation, salinity and hydrodynamic patterns199, all of which can accelerate plastic degradation, and increases the colonisation potential for pathogenic bacteria, viruses and fungi210,211. These changes will alter plastisphere community composition and function and are likely to exacerbate the persistence and dissemination of AMR, for example, increased temperatures can promote the growth of thermophilic and opportunistic pathogens like Vibrio spp.200, and enhance biofilm production and adhesion on plastics201,202. In aquatic environments, warmer waters are already expanding the range of pathogenic plastisphere communities, with shifts from tropical toward temperate coasts203,204. This enriches communities with taxa like Vibrio, Aeromonas, and Pseudomonas205,206, and increases the expression of genes linked to virulence and motility207. As microplastic particles are readily ingested by marine organisms like bivalve filter feeders, this creates a potential route for pathogens to enter the human food chain128. Ocean acidification, due to the increased absorption of CO2 from the atmosphere, will potentially favour more acid-tolerant bacteria208,209 despite plastisphere biofilms sheltering microorganisms from the surrounding seawater to some extent; acidification may also shift colonisation dynamics by altering polymer surface charge and eco-corona chemistry. 
Increasing pollution and greater levels of urbanisation (which forces closer proximity between humans, animals, and the environment), further facilitates the capacity for pathogen transmission from the plastisphere, and increases potential human exposure to plastic-derived chemicals and leachates. As microbial communities within the plastisphere adapt and evolve in response to climate change, their roles in nutrient cycling, pollutant degradation and pathogen dynamics are likely to be substantially altered. Additives, which readily leach from plastic surfaces, introduce additional chemical stressors that can disrupt microbial communities and, in combination with co-occurring pollutants such as metals and biocides, may contribute to selective pressures relevant to AMR212,213. Finally, environmental extremes such as floods will increase pollutant runoff and microbial resuscitation, or conversely, droughts could concentrate persistent concentrations of pathogens within the plastisphere. Thus, the plastisphere could be acting as a convergence point where climate-driven plastic degradation and AMR intersect. Beyond these public health risks, the plastisphere also contributes to climate forcing: the microbial breakdown of plastic polymers produces volatile organic compounds (VOCs) and can promote localised nitrous oxide (N2O) production from enriched nitrifying and denitrifying bacteria in sediments. Therefore, the effects of climate-induced shifts in temperature and pH on plastics will further diminish ecological services and exacerbate environmental pollution. 
Box 2. Progressing our understanding of the ‘pathogenic plastisphere’. To advance our understanding of plastisphere-associated risks, research questions need to focus on how plastics in aquatic environments act as vectors for pathogen transmission, contribute to genetic adaptation, and pose a public health risk.  A major research focus is the role of the plastisphere in transporting pathogens across diverse aquatic ecosystems, from inland catchments to coastal zones (see the figure, part a). Plastics provide a persistent substrate for microorganisms, enabling pathogens to overcome environmental barriers that typically limit their range, and facilitate their spread within the environment. This may drive the selection of more virulent strains better adapted to survive in variable aquatic habitats. Understanding how plastic-associated pathogens move from catchment to coast is crucial for assessing the ecological and epidemiological impacts of plastic pollution. The plastisphere enables the sharing of genetic material, including virulence and antimicrobial resistance (AMR) genes, across species that might not otherwise interact (see the figure, part b). Despite recent advances in studying genetic exchange, a deeper exploration of specific mechanisms of horizontal gene transfer (HGT, such as conjugation, transduction and transformation, in plastisphere-associated microorganisms, is essential. Factors like biofilm formation and persistence on plastics may reveal pathways through which the plastisphere fosters the evolution of multidrug-resistant and virulent pathogens. Evidence suggests that plastic surfaces can induce phenotypic changes in microbial communities, promoting traits linked to virulence and persistence (see the figure, part c). Pathogens on plastics may develop enhanced surface attachment, biofilm production and stress tolerance, which enables them to adapt to conditions different from their natural habitats. Such adaptations may select for virulent phenotypes, potentially increasing pathogenicity in host organisms. Future research should focus on elucidating the molecular mechanisms, including gene expression and stress response pathways, that underpin these changes. Although reports of plastisphere–pathogen associations are common, direct evidence linking these pathogens to disease transmission remains the critical gap (see the figure, part d. Future research must shift to mechanistic assays that link colonisation to altered host infectivity and public health risk mitigation. This necessitates implementing standardised sentinel plastic monitoring protocols for global surveillance, integrating Quantitative Microbial Risk Assessment (QMRA) frameworks to estimate true exposure risks, and leveraging global policy agreements to bring this issue to the attention of leaders for targeted health interventions. Addressing these gaps will deepen our understanding of the plastisphere as a novel ecological niche with significant implications for pathogen dynamics, AMR, and public health amidst rising plastic pollution.
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In this Review, Ormsby and Quilliam discuss how plastic pollutants create a critical, novel habitat for complex microbial communities, highlighting the community composition, assembly dynamics, and key functional traits of the plastisphere. They explore the dual public health risks of pathogen dissemination and enrichment of antimicrobial resistance determinants 
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