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Abstract

Background: Human skin, the body’s largest organ, hosts a diverse ecosystem of bacteria,
fungi, viruses, and mites collectively known as the skin microbiome. This microbiome supports
cutaneous homeostasis through barrier defense, immune education, and metabolic functions.
Objective: To narratively review the historical evolution of skin microbiome research, synthe-
size current knowledge on its composition, biogeography, and functional roles in health and
disease, and highlight emerging microbiome-based therapeutic strategies in dermatology.
Methods: This review integrates seminal historical works with contemporary evidence from
culture-independent sequencing and multi-omic investigations of the skin microbiome, identi-
fied through a selective search of recent dermatology and microbiome literature.

Results: Modern molecular and multi-omic approaches have revealed microbial diversity across
sebaceous, moist, and dry skin niches and clarified key functions of the skin microbiome, includ-
ing colonization resistance, immune modulation, metabolite production, and participation in
the gut-skin axis. Dysbiosis of these communities is linked to inflammatory conditions such
as atopic dermatitis, acne vulgaris, psoriasis, and chronic wounds. A growing body of work
supports microbiome-targeted interventions, including probiotics, prebiotics, postbiotics, and
microbiome engineering, as promising personalized strategies.

Study limitations: As a narrative review, this work may be subject to selection bias and does
not provide a quantitative synthesis of all available studies on the skin microbiome.
Conclusions: By integrating historical context with mechanistic insights from modern micro-
biome research, this review underscores the skin microbiome as a central ecological
determinant of cutaneous health and disease and provides a framework for translating micro-
biome science into clinical applications and precision dermatology.

© 2026 Sociedade Brasileira de Dermatologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

The human body is a complex superorganism, composed
of human cells and a large consortium of microorganisms
that together make the human microbiome." The gut micro-
biome has obviously had the most attention from both a
scientific and public health standpoint; however, commen-
sal microorganisms living on our skin are now being shown
to be equally important in health and disease.”* The skin
of humans is a large organ (average surface area of nearly
two square meters) that serves as the primary interface
between the host and the outside environment.? Impor-
tantly, the skin is an active ecosystem that is colonized by a
populous and diverse array of bacteria, fungi, viruses, and
microscopic arthropods.>® This resident microbiota, which
is referred to collectively as the skin microbiome, exists in
sophisticated, symbiotic relationships with its host, impact-
ing everything from barrier integrity to immune responses
to nutrient turnover.””°

The study of the skin microbiome involves microbiol-
ogy, immunology, dermatology, and ecology. The study of
the skin microbiome necessitates a departure from con-
ventional views of the conventional pathogen-centric view
of skin disease, which focuses on identifying and eradi-
cating a unique disease-causing organism.'®'" The authors
now study a skin that is an ecological landscape with
distinctive microenvironments, each with specialized phys-
iological properties (e.g., pH, temperature, moisture, and
sebum content) that select for varied specialized microbial
communities.'>" The ecological concept of homeostasis,
or balanced, cooperative interactions of host and microbial
residents, is critical to understanding how the microbiome
maintains homeostasis.'*"°

In a state of health, the microbiome of the skin has
critical functions.’® It physically prevents colonization by
opportunistic pathogens through competition and the pro-
duction of antimicrobial compounds.’®'” It is also in a
constant dialogue with the immune system of the host,
from both the aid of microbiota in educating and configuring
immune response by promoting tolerance toward commen-
sal organisms while remaining vigilant against authorized
pathogens and invaders.'® ' Microorganisms also contribute
to metabolomic processes by breaking down lipids and other
natural products on the skin surface to generate compounds
to benefit the host.?

In the opposite direction, perturbations to this delicately
balanced state, referred to as dysbiosis, are being rec-
ognized as increasingly relevant for the development of
a number of skin diseases.?"?> The inflammatory skin dis-
eases of Atopic Dermatitis (AD), acne vulgaris, psoriasis,
and rosacea, in addition to failure of wound healing, are
all recognized to have distinctive changes associated with
the skin microbiome composition and function.?>?* Under-
standing how or what triggers the shift from homeostasis to
dysbiosis is an area of active research that is hoped to return
innovative diagnostic tools and treatment methods.

This review serves to combine the historical context of
the skin microbiome with the emerging scientific under-

standing. The authors will begin by examining the history
of skin microbiology, beginning with the initial findings,
through advancements in technology that have allowed for
exploration of the microbial world in some depth. Next, the
authors will define the expected composition and surface
topography of the skin ecosystem, identify the functions of
the microbiome in immunity and health, and make connec-
tions with dysbiosis and common skin diseases. Lastly, the
authors will end with a discussion of the research and new
therapeutic horizons that are about to change dermatol-
ogy, including interventions that contain the microbiome,
as well as a future of personalized skin products based on
our unique type of microbes that inhabit our skin. This path-
way through ecology to emerging therapeutic perspectives
highlights the importance of microorganisms shared with the
skin, thus repurposing this essential state from passengers
to partners in human health.

Historical perspectives: The Genesis of skin
ecology

The understanding of the skin as a microbial ecosystem is a
fairly new awareness on the grand scale of history, but long-
forgotten history considers the roots of this perspective in
the field of microbiology. From viewing the ‘‘animalcules’’
on the skin, to mapping these organisms into communities
with functional roles, maps the large evolution of think-
ing and technology, which ultimately displays an evolution
from the reductionist views of pathogenic microorganisms to
a prominent ecological role of microbiota resident flora in
human physiology. Importantly, this was not accomplished in
years, but in decades of pioneering discoveries in purposeful
concepts, approaches, and technologies.

Early discoveries in cutaneous microbiology

Our journey into the wonder of microbes began in the 17t
century, when Antonie van Leeuwenhoek devised the micro-
scopic lenses that allowed him to observe microorganisms
and record their findings based on samples taken from his
own skin.”> However, the systematic study of the little crea-
tures started later in the 19t century during the golden age
of microbiology with Louis Pasteur and Robert Koch, who
were primarily responsible for understanding germ theory of
disease and proving the pathogenic relationship with specific
illnesses and diseases.?®?” The focus of this time was cen-
tered around the establishment of isolation approaches and
the development of the first agar-based media (that could
grow bacteria) lead to the concept of identifying bacteria in
pure culture of ‘‘isolations’’.

Some of the first approaches to discover what microor-
ganisms are involved with skin infections were made during
this period of culture. In the 1880s, Alexander Ogston
examined pus from human abscesses and identified clus-
tered micrococci as the cause of suppuration, coining the
term Staphylococcus from the Greek for ‘bunch of grapes’.
These organisms, including S. aureus and S. epidermidis,
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are now recognized both as common members of the
human skin microbiota and as important causes of skin
and wound infections.?®?° Paul Gerson Unna, as the first
dermatopathologist who interpreted bacteria with respect
to skin conditions, also provided groundwork by suggest-
ing Pityrosporum ovale (now Malassezia) was a contributing
factor in the appearance of seborrheic dermatitis.*°

While these advancements were achieved, they were
limited by the cultivation-dependent approaches used. The
methods were limited to the organisms that could grow in
laboratory conditions (typically fast-growing, aerobic, and
resistant bacteria). As a result, the vast number of organ-
isms that were anaerobic, slow-growing, or had complex
nutritional needs were never examined, thereby biasing
the findings by providing an incomplete view of the skin’s
microorganisms. This ‘‘great plate count anomaly’’, where
the organisms observed with a microscope outnumbered
those that could be cultured, suggested a multitude of unob-
served organisms were waiting to be characterized. Overall,
anyone studying skin flora at that time had a simplistic view
that these few, culturable microbes collectively made up the
skin flora and were only important if they caused disease.

Major contributions of Mary Marples: Ecology
paradigm shift

A sea change in the human skin microbiome happened as
microbial ecologist Mary Marples from New Zealand revolu-
tionized how the authors think about cutaneous microbes
in the 1960s. Marples published ‘‘The Ecology of the Human
Skin’’, in 1965, which was an influential text that fundamen-
tally shifted the view of cutaneous microorganisms. Marples
introduced the notion that human skin should no longer be
viewed as a simple surface but instead a habitat, examin-
ing it through the lens of other ecologically characterized
systems, i.e., plant and animal ecology.>'

Marples went beyond just listing organisms to under-
standing the distribution and rules of interactions that led
to their distributions. She provided a specific characteriza-
tion of the topography of the skin, grouping regions into
analogous geographical biomes that included the ‘‘axillary
jungle’’, ‘‘forehead plain’’, and ‘‘forearm desert’’. She
then began to address how factors of the host, such as mois-
ture, pH, temperature, and nutrition (mostly from sebum),
rested selectively on both the host and the microbes’
organismal distributions.?’ Most notably, she changed the
perception of the host-organismal relationships to include
a full spectrum from commensalism to mutualism and par-
asitism rather than antagonistic thinking, allowing for the
entire skin to be thought of as an ecosystem.

Her work suggested that the resident microbiota was sta-
ble and well-adapted to the environment, and therefore
resistant to invasion by transient or pathogenic organ-
isms. This idea led to a new understanding of the idea of
‘‘colonization resistance’’, the most protective function of
a healthy microbiome. Marples was able to pivot the impor-
tance of interactions of host and microbes to explain health
and disease states; utilizing ecology as the foundational
concept for this thinking was a bold move in time.*? Most
importantly, she shifted the thinking from ‘‘What pathogens
are present?’’ to the question of ‘‘What is going on in the

ecology of the entire microbial community and how does it
affect the host?’’ Marples made substantial contributions to
an ecological view of the skin that have persisted to this day
and served as a precursor to the molecular revolution that
followed.*'

Evolution of methods: culture to code

The full potential of Marples’s vision could not be realized
due to the tools available at the time. The ecology of the skin
and all potential organisms remained hidden until the use of
culture-independent molecular tools developed in the late
20™ and early 215t century. These new approaches changed
the game for researchers. Transitioning from cultivation to
sequencing approaches, researchers could minimize bias in
our understanding, analyze whole communities of organ-
isms, and directly analyze their genetic material.**

The first major breakthrough was the use of 16S ribo-
somal RNA (rRNA) gene sequencing. The 16S rRNA gene is
an ideal molecular marker, as it is universally present in all
bacteria and archaea, and contains highly conserved regions
(for designing universal primers) and variable regions (which
provide a ‘‘barcode’’ for taxonomic identification).>** In
this way, researchers could sequence the 16S rRNA gene
directly from a skin sample, and generate a census of the
bacterial skin community to identify hundreds - sometimes
thousands of species, most of which had never been cultured
in a laboratory.*® This degree of skin bacterial diversity was
previously undreamed of and that microbial communities
systematically differed at various skin sites.

With the advent of Next-Generation Sequencing (NGS)
technologies, DNA sequencing throughput increased with
costs declining, allowing for large-scale projects (e.g.,
Human Microbiome Project).®” This significant step forward
initiated an explosion of work characterizing the skin micro-
biome in health and disease. For example, the authors have
transitioned from simply asking ‘‘who is there’’ (taxonomic
profiling from 16S rRNA sequencing), to start to ask, ‘‘what
are they doing’’ (amount of functions).

Shotgun metagenomic sequencing - sequencing all
genomic DNA in a sample - is the comprehensive technique
for understanding the total metabolic potential of the com-
munity, i.e., identifying all the genes. With recent advances,
the authors are moving toward multi-omic approaches that
combine metagenomics with other high-throughput method-
ologies. For example, metatranscriptomics (RNA) tells us
which genes are being expressed, metaproteomics (pro-
teins) identifies the functional machinery of the cells, and
metabolomics (small-molecule metabolites) captures the
biochemical output of the community. The advancement of
these high-resolution technologies is beginning to advance
our understanding of the functional dynamics of the skin
microbiome and their complex interactions within a host.*®
The transition from Petri dish work to high-performance
computing has revealed the skin as the complex, dynamic,
and important ecosystem that Mary Marples envisioned.
This transition from culture-dependent to molecular meth-
ods has finally realized the comprehensive ecological vision
that Mary Marples articulated decades earlier, revealing the
skin as the complex, dynamic, and functionally important
ecosystem she envisioned, while opening new opportunities
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Chronological evolution of skin microbiome research. The timeline highlights key milestones from the 17th-century

discovery of ‘‘animalcules’’ by Van Leeuwenhoek to the 1965 ecological paradigm shift by Mary Marples, leading to the modern era
of 16S rRNA sequencing, the Human Microbiome Project, and current multi-omics approaches. Created in https://BioRender.com.

for therapeutic interventions, including the rapidly evolving
field of skin microbiome engineering®® (Fig. 1).

The Skin as an ecosystem: Composition and
topography

Building upon the ecological framework established by
pioneers like Mary Marples, modern molecular techniques
have revealed the skin’s microbial landscape in unprece-
dented detail. This section examines the key microbial
inhabitants colonizing human skin, their spatial distribution
patterns across anatomical sites, and the complex inter-
play of environmental factors that shape these site-specific
communities. Rather than viewing the skin as a uniform sur-
face, the authors now recognize it as a collection of distinct
microenvironments, each with unique physiological charac-
teristics that select for specialized microbial assemblages.*

Key microbial inhabitants: bacteria, fungi, viruses,
and mites

The skin microbiome can be considered a multispecies
consortium, in which members of the bacterial king-
dom are the most ubiquitous and studied. The skin
microbiome is primarily represented by four major bac-
terial phyla: Actinobacteria, Firmicutes, Proteobacteria,
and Bacteroidetes. At the genus level, some of the
dominant bacteria include Cutibacterium (formerly Pro-
pionibacterium), Staphylococcus, and Corynebacterium.
Cutibacterium acnes, an anaerobic lipophilic bacterium,
predominates in sebaceous follicles of the face and back,
where it has evolved specialized metabolic capabilities to
thrive in lipid-rich environments.>“' Some Staphylococcus
are commensal occupants of exposed dry surfaces, such as
the antecubital fossa (e.g., S. epidermidis). Other genera
include Corynebacterium, which prefer moist areas, such as
the axilla (i.e., armpit) or groin, and are thought to con-
tribute to body odor production.*?

In addition to the bacterial kingdom, the skin microbiome
also has an abundant fungal community that is referred to as
the skin mycobiome.>¢ Although representing a smaller pro-
portion of the total microbial biomass when compared to

bacteria, fungi are nevertheless key players in skin health
and disease.*® The most dominant genus of fungi, represent-
ing the skin mycobiome, is Malassezia, a lipophilic yeast
that normally inhabits seborrheic (i.e., oily) skin sites on
the scalp, face, and chest and is thought to be responsible
for dandruff and seborrheic dermatitis during dysregulated
population growth.*® Other genera of fungi, such as Can-
dida, Aspergillus, and Cryptococcus, have been identified,
but are usually in smaller relative abundance, and can
opportunistically act as pathogenic organisms when the skin
dysregulates.***

The viral component of the skin microbiome, or skin
virome, represents the least understood member of the
skin microbiome, but is becoming an area of increased
interest. The skin virome is primarily comprised of bacte-
riophages (i.e., viruses of bacteria), which likely perform
some significant role in regulating bacterial abundance with
predator-prey interactions and can mediate the overall
structure and stability of bacterial communities.**~“¢ For
instance, phages targeting the key bacteria of C. acnes
or S. aureus, could conceivably shift the population den-
sity of the corresponding bacteria with some consequence
for conditions like acne and AD. Other components of
viruses that are eukaryotic in origin and are grouped in
the skin virome include human papillomaviruses (HPVs) and
polyomaviruses.“*>° While some HPVs are the cause of warts
and skin cancer, many HPVs are carried asymptomatically by
healthy subjects, indicating a far more complicated, poten-
tially commensal relationship with the bacteria.*>'

Finally, skin also has a diverse ecosystem of microscopic
arthropods; most notably, Demodex mites. These eight-
legged mites are represented by Demodex folliculorum and
Demodex brevis, and they are commonly found in hair fol-
licles and sebaceous glands of humans, including the face
and other body areas.®”>* For the majority of people that
harbor them, Demodex are innocuous. However, overgrowth
of Demodex mites has been linked with inflammatory skin
diseases, such as rosacea and blepharitis.>*>> This demon-
strates that Demodex mites exhibit a range of interactions
with human health, and they may shift from commensals to
pathogens by triggering an inflammatory response or serv-
ing as transporters of pathogenic bacteria.”® The dynamic
interactions among these microorganisms and metazoans
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- bacteria, fungi, viruses, and mites - create a hetero-
geneous, complex ecological network that is essential to
normal skin function.>?’

Biogeography of the skin: site-specific microbial
communities

The human skin is not a flat surface; it is a vast landscape
of different microenvironments with distinct physiological
properties. Physiological and topographical heterogeneity
give rise to an extraordinary pattern of microbial bio-
geography, with new microbial communities assembling
at different body sites.’®° There are mainly three cate-
gories of skin sites that relate to the local environment:
sebaceous (oily), moist, and dry.>® These ecologically
distinct sites host specific and specialized microbial com-
munities that have adapted to the local environment,
similar to climate types on Earth, such as forests and
deserts®' (Fig. 2).

Sebaceous sites include the forehead, nasolabial folds,
chest, and back, and are rich in lipids produced by the
sebaceous gland. These oily environments are anaerobic and
lipophilic microorganisms preferentially grow in these sites.
The dominant microbiota is bacteria of the genus Cutibac-

terium, particularly C. acnes, which have enzymes (lipases)
that transform sebum triglycerides into free fatty acids for
energy.®>% These fatty acids also contribute to the acidic
pH of skin, which prevents pathogenic microbial growth.
Malassezia is a genus of fungi that thrives in lipid-rich areas
of sebaceous sites and is considered a core member of the
mycobiome of sebaceous sites.*%

Moist sites include the axillary vault (armpit), ante-
cubital fossa (inner elbow), popliteal fossa (behind the
knee), groin, and plantar surface (sole of the foot). These
areas of skin contain higher humidity and temperature due
to skin-on-skin occlusion. Warm, humid conditions provide
a perfect environment for bacteria to thrive in aqueous
environments. Thus, moist sites of skin are primarily colo-
nized by Corynebacterium and Staphylococcus species. The
metabolic activity of Corynebacterium species in the axilla
plays the primary role in breaking down odorless precursors
(e.g., glutamine conjugates, cysteine-glycine conjugates)
from apocrine sweat into volatile organic compounds such
as branched-chain fatty acids (e.g., 3-methyl-2-hexenoic
acid) and thioalcohols, which produce most axillary body
odor; however, Staphylococcus (e.g., S. hominis) and other
taxa contribute shorter-chain fatty acids and additional
malodors.%¢¢”
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Environmental factors shaping skin biogeography

The distinct microbial communities inhabiting sebaceous,
moist, and dry skin sites do not arise by chance, but rather
reflect sophisticated ecological filtering processes driven by
local environmental conditions. Understanding the mech-
anistic drivers of this biogeographical patterning requires
examining both abiotic factors - the physical and chemi-
cal properties of skin microenvironments- and biotic factors
- the competitive, cooperative, and antagonistic interac-
tions among community members. These factors do not
operate in isolation; rather, they create complex selective
pressures that determine which microorganisms can success-
fully colonize, persist, and function at specific anatomical
locations. The following sections detail the key abiotic and
biotic determinants that sculpt the skin’s microbial land-
scape, ultimately linking environmental heterogeneity to
community structure and function.

Abiotic factors represent the non-living environmental
characteristics that impose primary constraints on microbial
community assembly:

e Temperature: Skin surface temperatures vary throughout
the body; odors in warm, occluded areas such as the axilla
and groin are associated with a different microbiome than
cooler, less occluded sites such as the forearm.

e Moisture: Moisture levels vary widely at dry, moist, and
oily sites. Water availability is a basic requirement for
microbial growth and is a primary driver of the biogeo-
graphical patterns observed on the skin.

e Sebum: The lipids produced by sebaceous glands provide
a nutrient source for many lipophilic microbes such as
Cutibacterium and Malassezia, and sebum levels are con-
sequential in determining the community composition of
oily areas. %%

e Host genetics and immune status: Host genetics modulate
epidermal barrier integrity and local immune responses,
which in turn influence the level and repertoire of skin
antimicrobial peptides (AMPs) and thereby exert selective
pressure on the cutaneous microbiome.®70

e External factors: Lifestyle choices and environmental
exposures significantly influence the skin microbiome.
Cosmetics, soaps, and moisturizers can increase skin sur-
face pH and alter lipid classes, favoring pathogenic shifts;
most skin medications, especially antibiotics, cause more
profound and long-lasting microbiome disruptions with
slow recovery, and diet, occupation, and geographical
location also contribute unique microbial signatures.>’"-7?

Biotic factors are the interactions between the living
organisms in the ecosystem. The skin is a crowded envi-
ronment where microbes constantly compete for growth
opportunities in space and resource use, which drives sophis-
ticated inter-species and even intra-species dynamics:

e Competition: Microorganisms compete for limited nutri-
ents and available attachment sites on the skin surface.
Commensal bacteria such as S. epidermidis can outcom-
pete and displace pathogens such as S. aureus, a process
termed colonization resistance.

e Antagonism: Many resident microbes produce antimi-
crobial substances directed towards inhibiting or killing
competing organisms. For example, S. epidermidis
secretes bacteriocins and AMPs that are specifically active
against several strains of S. aureus.”>”*

e Metabolic cooperation: Microbes engage in cooperative
interactions through metabolic cross-feeding, in which
certain species break down complex molecules from the
host ecosystem (e.g., triglycerides by C. acnes) into
simpler by-products (e.g., free fatty acids) that serve
as nutrients for other community members, such as
Malassezia restricta.””

e Quorum sensing: Quorum sensing enables bacteria
to communicate via autoinducers, synchronizing gene
expression based on population density to coordinate
behaviors such as biofilm formation and virulence factor
production, thereby influencing community structure and
functionality.”®

e Bacteriophage predation: Bacteriophages exert top-down
control over bacterial community structure by selec-
tively lysing certain bacteria while sparing others, thereby
maintaining overall compositional diversity; this prevents
any single species from dominating and shapes microbial
ecology.”’

Abiotic and biotic features are not separate; they are
intertwined.® Host abiotic features create an environmen-
tal filter in the skin ecosystem that determines which
microbes are able to establish a foothold in the population.
The resulting biotic interactions, or relationships between
native community members, further refine local community
composition and function, and this balance is required for
ecological stability and a healthy skin microbiome.

Functional roles of the skin microbiome in
health

The resident microorganisms of the skin are not simply pas-
sive, incidental residents, but also active participants in
skin homeostasis. This relationship (of established human
symbiosis) has taken millennia to become optimized among
the multitude of resident microbes and the host. The skin
microbiome provides a suite of beneficial functions, from
acting as a first line of defense against pathogenic species
to educating and calibrating host immune function. Metabol-
ically, these organisms contribute to nutrient processing
and to maintain the physicochemical characteristics of the
skin. Furthermore, there is developing evidence that the
microbial communities of the gut and skin are fundamen-
tally related, which demonstrates a system for ’crosstalk’
in which organisms communicate between different organs
to promote skin health.”®”° Knowing about these functional
roles is additionally necessary to understand why the func-
tionality of the microbiome is important to the overall health
of the skin.

Barrier function and protection against pathogens

Among its many functions, the skin microbiome provides
the skin with a barrier defense system. The protective role
assumed by skin microbiota can be discussed through a vari-
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ety of different co-dependent functions, which, together,
provide a large barrier to the colonization and invasion of
pathogenic microorganisms, and can be described as fol-
lows:

First, the commensal microbiome provides colonization
resistance. This is an important concept in some areas
of microbial ecology. The resident microbiome occupies
physical niches at the surface of the skin, which prevents
pathogenic microbes from establishing a foothold. This can
be derived from an extremely simple but effective method
of competitive exclusion, whereby the presence of a harm-
less commensal microbe limits the availability of space and
resources for a non-resident pathogen. For example, the
dense and diverse communities formed by S. epidermidis
on the epidermal surface make it more difficult for poten-
tially pathogenic transients, such as S. aureus, to be stably
established in the microbiome.%%8!

Second, resident microbes directly antagonize incom-
ing pathogens through secreted antimicrobial compounds.
This represents a biochemical defense layer distinct from
spatial competition. Commensal bacteria produce diverse
antimicrobial peptides (AMPs), bacteriocins, and antimicro-
bial lipids that selectively target potential pathogens.®>
S. epidermidis exemplifies this strategy, secreting multi-
ple bacteriocins, including epidermin, which forms pores in
target bacterial membranes with specificity determined by
bacteriocin composition. Additionally, S. epidermidis pro-
duces phenol-soluble modulins (PSMs) with potent activity
against S. aureus and Group A Streptococcus.t>#* Similarly,
C. acnes secretes propionic acid, a short-chain fatty acid
(SCFA) that both maintains acidic skin pH and exerts direct
antimicrobial effects against diverse pathogens.?*®

Third, the skin microbiome serves to re-establish the
physical and chemical barrier of the skin. The metabolic
byproducts of commensal bacteria are critical to main-
taining the acid mantle. The metabolism of sebum lipids
by C. acnes into free fatty acids, and the fermentation
of glycerol to SCFAs by staphylococci result in off-skinned
acidity (pH < 5.0), which is unfavorable for the growth
of many pathogens, particularly S. aureus, which prefer
a more neutral Ph.®*% A healthy acidic skin surface is,
therefore, a tangible functional output of the resident
microbial community. Additionally, some evidence suggests
that microbial signals can enhance the epithelial barrier
integrity by eliciting the production of tight junction pro-
teins in keratinocytes, which strengthen the connections
between skin cells and reduce permeability.®” While these
direct antimicrobial strategies provide immediate protec-
tion, commensal microbes also engage in more sophisticated
immune-educating functions that the authors explore in the
following section.

Education and modulation of host immune system

The skin microbiome also plays a role in developing, edu-
cating, and modulating the immune system of the host.®
From birth, exposure to commensal microorganisms is crit-
ical to teach the immune cells of the skin to differentiate
and determine if a signal is harmless resident microbes or
pathogens deserving of an immune attack. This event is
called immune tolerance, meaning that the immune sys-

tem is not elicit inappropriate (and damaging) inflammatory
attacks on beneficial microbiota.%%

The conversations between microbes and the immune
system begin, at least, on the cellular level. Skin cells,
including keratinocytes, and amongst resident immune cells
such as Langerhans cells and dendritic cells, possess pat-
tern recognition receptors (PRRs), such as toll-like receptors
(TLRs) that detect conserved microbial structures known
as microbe-associated molecular patterns (MAMPs).’® For
example, lipoteichoic acid (LTA) is located on the cell walls
of Gram-positive bacterium, such as S. epidermidis. When
the commensal MAMP binds to the PRR on the host cell, it
induces signaling events that are important for the calibra-
tion of the immune response.’"

Beyond their direct antimicrobial activities, commen-
sal microbes orchestrate host immune responses to create
a second layer of protection. S. epidermidis exemplifies
this immune-educating function through multiple mecha-
nisms. Specific strains stimulate keratinocytes to upregulate
AMP production, essentially recruiting the host’s own defen-
sive molecules to reinforce barrier protection.”> More
remarkably, S. epidermidis lipoteichoic acid (LTA) activates
TLR2 on keratinocytes, triggering a calibrated response
that enhances surveillance while simultaneously dampening
excessive inflammatory signaling pathways that would oth-
erwise lead to tissue-damaging cytokine production.’” This
immune modulation prevents chronic inflammation while
maintaining pathogen vigilance.

Furthermore, the skin microbiome can program the adap-
tive immune response. Commensal microbes have been
documented to manipulate the functions of resident T cells
in the skin. Various molecules produced by S. epidermidis
have been reported to serve as stimulators of T cells that can
assist in the differentiation of T cells specific for pathogens,
such as IL-17-producing T-helper 17 (Th17) cells that are
critical for defense against pathogenic fungi and bacteria,
such as Candida albicans and S. aureus.”>°>°* Simultane-
ously, the microbiome stimulates the function of regulatory
T-cells (Tregs), which are immune cells specialized for
dampening excess inflammatory responses and tolerating
commensals.”® Therefore, having this balance of T-cells
that promote pathogen-specific defenses and Tregs inhabits
a healthy host-microbiome relationship. Disruption of the
educational conversation, which is present during immune
responses, is a key factor in the development of inflam-
matory diseases of the skin, such as atopic dermatitis and
psoriasis, whereby immune responses become dysregulated.

Metabolically active and natural product
degradation

The skin microbiome is a metabolically active community
that contributes significantly to the chemical milieu of the
skin surface. Resident microbes can produce a vast diver-
sity of enzymes, many of which exceed the host genomic
capacity to produce equivalents, to degrade host-derived
molecules and environmental compounds that would other-
wise be inert.”% Metabolic activities by resident microbes
are also critical for skin homeostasis.

One of the crucial metabolic functions is the metabolism
of skin surface lipids.®® Lipophilic organisms such as C. acnes
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and Malassezia species express lipases that hydrolyze seba-
ceous triglycerides into glycerol and free fatty acids.””*®
This metabolic process serves multiple functions: C. acnes
utilizes the resulting free fatty acids as an energy source,
while staphylococci ferment the liberated glycerol into
short-chain fatty acids (SCFAs). The free fatty acids con-
tribute to maintaining the skin’s acidic pH (typically < 5.0),
which inhibits pathogen growth. Triglycerides in sebum can
be hydrolyzed into glycerol and free fatty acids via a lipase.
Glycerol can be fermented by staphylococci into SCFAs,
whilst free fatty acids serve as a nutrient source and con-
tribute to the acidic pH the skin maintains; some of these
fatty acids, including sapienic acid, also have antimicro-
bial properties.®® ' This metabolic network of bacteria is
converting host-secreted sebum into a chemically active,
protective layer in the skin.

Skin microbes can also metabolize other host-derived
molecules apart from lipids. For example, keratin and amino
acids from sloughing corneocytes and sweat are sources
of protein that can be potentially degraded. In particular,
some skin bacteria can break down arginine, which will pro-
duce ammonia that can locally modulate pH.° Commensal
microbes also play a role in converting nitrate in sweat
to Nitric Oxide (NO), which has potent antimicrobial activ-
ity against a wide range of pathogens, significant roles in
vasodilation, and wound healing.'"'

Furthermore, the skin microbiome can metabolize xeno-
biotics, which are organic compounds that originate outside
of the body from personal care products, pollutants, or top-
ical medications.'® The microbial metabolism generated by
the microbiome can either detoxify chemical substances
that could be harmful or even activate inert compounds.
The so-called ‘‘microbial metabolism’’ of topical products
is an emerging area of research that is predicted to have a
significant impact on dermatology and cosmetology.'” The
ability of the microbiome to modify the chemical landscape
of skin highlights its importance as a functional partner that
is actively shaping the attributes of its habitat-usually in
ways that benefit the host.

The Gut-Skin axis: A systemic connection

While local skin microbiome effects are a well-recognized
component of skin health, a growing area of research is
the gut-skin axis, a bidirectional communication network
between the health of the gut and its microbiome and the
health of the skin.”® If microbes have some influence on skin
homeostasis, that influence is also likely to be systemically
modulated by the microbial community of the gastrointesti-
nal tract.

Communication along this axis is likely accomplished by
the bloodstream and the immune system. The gut micro-
biome provides systemic immune education. Gut dysbiosis,
or disruption in the gut microbial community, can result
in an impaired intestinal barrier (‘‘leaky gut’’).'® Bac-
terial components, such as lipopolysaccharide (LPS) from
Gram-negative bacteria, as well as microbial metabolites,
can enter circulation.'® Upon bloodstream entry, these
molecules can travel to the skin, where they can stimulate
systemic, low-grade inflammation, exacerbating or initiat-

ing inflammatory skin conditions such as atopic dermatitis,
psoriasis, acne, and rosacea.'®

The gut microbial community metabolizes dietary fibers
into SCFAs, including butyrate, propionate, and acetate,
which function as key messengers of this axis.'” SCFAs
have potent systemic anti-inflammatory and immunomod-
ulating effects.'®® SCFAs can enter circulation, where they
can influence immune cell function throughout the body,
including skin, as much of their function is to stimulate the
action of anti-inflammatory Treg cells and decrease inflam-
mation overall. Not taking in sufficient dietary fiber risks
reduced SCFA generation, which counteracts the systemic
anti-inflammatory signal from the gut microbiome and could
contribute to a pro-inflammatory state that was manifested
at the skin.

Clinical and experimental evidence support this asso-
ciation (Fig. 3). Patients with inflammatory skin disease
frequently have gut dysbiosis. A similar condition is observed
where patients with rosacea have a significantly higher rate
of small intestinal bacterial overgrowth (SIBO).'” Related
to this, several studies have demonstrated alterations in
the gut microbiome found in patients with atopic der-
matitis and psoriasis."'?"""? Much like asthma, the clinical
evidence is primarily correlational; however, oral probiotics
(live beneficial bacteria) have provided intervention stud-
ies demonstrating improvement in skin conditions such as
eczema, thus this supports the *‘gut-skin axis’’."'* Overall,
this systemic association illustrates how the microbiome can
operate as a holistic system, as maintaining the skin bar-
rier requires a balance of local and longer-term factors,
including internal factors (e.g. gut health).

Dysbiosis: The role of The microbiome in skin
disease

The fragile balance of the skin microbiome is critical to
skin health. When this balance is disrupted, termed dys-
biosis, the relationship between the host and microbe can
shift from a mutually beneficial relationship to a pathogenic
one, contributing to the onset and exacerbation of many
skin diseases. Dysbiosis is not merely the presence of
a pathogen but rather a broader ecological shift cha-
racterized by changes in microbial diversity, the relative
abundance of specific taxa, and overall metabolic profile."*
In this section, the authors discuss the concept of cuta-
neous dysbiosis and review its well-characterized roles in
some of the most common inflammatory and chronic skin
diseases.

Contextualizing dysbiosis in the cutaneous setting

Cutaneous dysbiosis is considered a functional and composi-
tional maladaptation of the resident microbial population.
As compared with the gut microbiome, which is typically
characterized by high diversity being a hallmark of health,
the ‘‘healthy’’ skin microbiome is highly variable depending
on the anatomical niche.' Therefore, cutaneous dysbiosis
is contextual and can take several forms: loss of beneficial
commensal species, overgrowth of pathobionts (commensal
organisms that have pathogenic capabilities), or a gen-
eral decrease in microbial diversity. These components can
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paradoxically reduce barrier function, skew the immune
response toward inflammation, and create a permissive
environment for disease. The shift from a homeostatic to
dysbiotic state is typically linked to a combination of host
genetics, environmental exposure, and lifestyle factors,
highlighting the complexity of the etiology of microbiome-
associated skin diseases.”

Atopic dermatitis and microbial imbalance

Atopic dermatitis (AD), a chronic inflammatory skin disease,
is one of the most studied forms of cutaneous dysbiosis.
The skin of AD sufferers typically has a striking decrease
in microbial diversity and a pretty dramatic increase in
S. aureus."”™ In healthy skin, commensal S. epidermidis

provides colonization resistance against S. aureus through
multiple mechanisms, including antimicrobial peptide pro-
duction and niche occupation.''® In flaring AD skin, this
protective mechanism is compromised. The growth of S.
aureus is not simply a by-product, but it is a contributing fac-
tor to the disease. S. aureus produces toxins and proteases
that degrade the skin barrier, increase transepidermal water
loss, and directly upregulate type 2 inflammatory pathways.
This process creates a cycle of barrier degradation, inflam-
mation, and dysbiosis'”>'"® (Fig. 4). Research into the exact
relationship between microbiome shifts and the develop-
ment of AD is ongoing, but there is experimental evidence
that microbiome-based products can restore barrier func-
tion and reduce S. aureus colonization both clinically and
potentially on the skin microbiome.""%120
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Acne vulgaris: The complicated role of
Cutibacterium acnes

Acne vulgaris, a disorder of the pilosebaceous unit, pro-
vides a more complex example of dysbiosis. For many years,
the generation of acne was thought to be due an over-
proliferation of a single bacterium, Propionibacterium acnes
(now classified as C. acnes). However, more recently, sev-
eral studies employing high-throughput sequencing methods
have shown that when C. acnes is considered altogether,
the relative abundance is often similar between acne-prone
skin and healthy skin.'?"'?? Instead, the authors see that
dysbiosis/alteration is occurring at the strain level. Several
specific phylotypes have been strongly associated with acne
lesions, including phylotype IA1.% Strains of C. acnes belong-
ing to this phylotype may be termed ‘‘pro-inflammatory’’
because they possess virulence factors that elicit a host
inflammatory response while in the follicle. Some other
strains of C. acnes (often dominant after antibiotics and
on healthy skin) seemed to have more of a protective
role, rather than inflammatory. Thus, the dysbiosis occur-
ring in this condition is likely better framed as strain-level
dysbiosis, not a species-level dysbiotic overgrowth of a
single bacterium.'”® From 2000 to 2023, the acne micro-

biome literature has expanded steadily, with increasing
emphasis on dissecting strain-level pathogenic mechanisms
and microbiome-conserving strategies that target virulent
C. acnes clades or biofilms while preserving commensal
taxa.”“‘”"

Chronic wounds and diabetic foot ulcers

The authors can also see the dual role of the micro-
biome in wound healing.?* The microbiome can assist in the
repair of tissues when healthy; however, when dysbiotic,
it can lead to chronic (non-healing) wounds like diabetic
foot ulcers (DFUs). Rather than a single pathogen usu-
ally implying lack of healing, typically chronic non-healing
(hypofunctional) wounds become colonized by multiple
(often complex) polymicrobial biofilm communities, which
all contribute to the dysbiotic substrate. Typical dysbiotic
characteristics include increased total bacterial burden,
higher anaerobic diversity, and the presence of members
from the genera Staphylococcus and Pseudomonas.'”” These
biofilm organisms have the propensity to generate a pro-
inflammatory micro-environment, which affects epithelial
migration, angiogenesis, and overall wound healing. The
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advent of molecular biology technologies has also advanced
the study of the skin microbiota associated with DFUs; more
recent studies have identified composition and metabolic
activity of the microbial community as leading determinants
of healing outcomes.'?® Identifying proper dysbiotic signa-
tures for chronic wounds may offer a basis for developing
novel diagnostic and therapeutic approaches to achieve suc-
cessful wound healing, including biofilm-disruptive agents
and targeted antimicrobial interventions.

Psoriasis: Chronic inflammation and the Th17/IL-17
signature

Psoriasis is a systemic, immune-mediated disease characte-
rized by well-demarcated scaly plaques and hyperprolifera-
tion of keratinocytes.'” Unlike AD, where a single species
(S. aureus) often dominates, the psoriatic skin microbiome
is defined by a broader ecological shift. Lesional skin typ-
ically shows a significant decrease in alpha diversity, with
a higher relative abundance of the phylum Firmicutes and
a corresponding decrease in Actinobacteria.''®'"" Several
studies report a relative increase in Corynebacterium (and
in some cohorts Streptococcus) together with a marked
depletion of commensal Cutibacterium species, including
C. acnes.'30131

This cutaneous dysbiosis is intrinsically linked to sys-
temic health via the gut-skin axis (Fig. 3). Psoriatic patients
often show gut dysbiosis, including reduced abundance of
the anti-inflammatory butyrate producer Faecalibacterium
prausnitzii, and in some cohorts an increased abundance
of pro-inflammatory taxa such as Prevotella copri."*""3? As
illustrated in Fig. 3, the resulting ‘‘leaky gut’’ allows for the
translocation of bacterial components (e.g., LPS) into sys-
temic circulation. This systemic ‘‘priming’’ of the immune
system triggers the IL-23/IL-17 signaling pathway, driving
the recruitment of Th17 cells to the skin and exacerbat-
ing the inflammatory feedback loop that maintains psoriatic
lesions. **

Modern research frontiers and therapeutic
horizons

Advances in molecular technologies have rapidly changed
the field of skin microbiome research from being an observa-
tional/descriptive science to a functional and interventional
science. The exploration of not just outlining microbial
communities on the skin surface, but understanding the
functional outputs from those communities, is now being
explored at an unprecedented scale. Many new advance-
ments in science can be defined as new frontiers and
horizons, bringing about high resolution using multi-omics
techniques, innovative microbiome-based interventions,
perhaps even the dream goal of engineering the skin’s
microbial ecosystem for therapeutic effect. As this field
matures toward more personalized, precise, and eco-
logically aware dermatological treatments (versus using
simple broad-spectrum antimicrobials) will enable consid-
eration of how to restore an established and healthy,
or soon-to-be established healthy and balanced microbial
community.

11

High-resolution sequencing and multi-omics
approaches

Much of the work in early skin microbiome research utilized
culture-based methods to identify and quantify microbial
populations; however, it has been ultimately unsuccess-
ful as culture methods only identify viable organisms and
completely exclude dead organisms, and narrowly identify
potentially pathogenic organisms. Based on studies prior
to 2000, most skin remains undiscovered by early cul-
tures, and therefore it is not surprising that researchers
have moved toward culture-independent methods to fully
describe microbiomes.'**'3 Following the development of
16S rRNA gene sequencing, the authors are now seeing
a move towards higher-resolution sequencing that goes
beyond simple identification of microbial communities.
Metagenomic sequencing (i.e., assessing the total collec-
tive genome of the microbial community) allows for species
identification and could even further elaborate to strain-
level identification and phylogenetic organization of the
specific species identified, while also revealing the poten-
tial functional attributes encoded in the microbiome’s
genes.

The merging of the various ‘‘omics’’ fields is help-
ing develop a more holistic ecosystem of the skin.
Metatranscriptomics (gene expression), metaproteomics
(protein production), and metabolomics (metabolic byprod-
uct profiling) are telling us what the microbes are
actively "doing”, and how they interact with the host.
Understanding the "functions” of biodiverse microbial com-
munities will help to identify causative factors involved
in skin diseases, not just demonstrating correlation.'
For example, these various approaches will identify
microbial pathways that produce inflammatory metabo-
lites or bacterial enzymes that degrade elements of
the skin barrier. Combining high-resolution sequencing
techniques with functional experiments using individu-
ally isolated microbes is proving absolutely essential to
unearthing these functions and identifying new targets for
intervention. 37138

Microbiome-centered interventions: probiotics,
prebiotics, and postbiotics

The growing understanding of dysbiosis has led to the devel-
opment of various interventions to stymie dysbiosis and alter
the skin microbiome. In general, these interventions can be
grouped into three categories: probiotics, prebiotics, and
postbiotics.

e Probiotics are defined as live microorganisms that, when
given in adequate amounts, confer a health benefit to
the host. In dermatology, this currently means applying
genetically relevant beneficial strains, like Lactobacillus
species or non-pathobiont strains like S. epidermidis, on
the skin to outcompete pathobionts, strengthen the skin
barrier, and modulate local immune responses. 013,139,140

e Prebiotics are defined as substrates that are selec-
tively metabolized by host microorganisms, conferring a
health benefit. They are essentially ‘‘food’’ for benefi-
cial microbes. Ingredients like oligosaccharides, inulin,
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and some plant extracts can be incorporated into top-
ical formulations to be preferentially metabolized by
commensal bacteria as a means to restore a healthy
microbial balance.'% '

e Postbiotics are metabolic byproducts from probiotic
microorganisms, such as short-chain fatty acids, enzymes,
and antimicrobial peptides, as well as non-viable bac-
terial cells or cell fractions. Their application to the
skin or uses in therapeutic products achieves the health
benefits of live microbes and topical probiotics while
avoiding the significant challenge of maintaining via-
bility of live organisms in cosmetic or therapeutic
formulations. 4143

These **biotics’’ represent a significant paradigm shift in
dermatological care and treatment, providing a more selec-
tive and gentle option than using harsh antimicrobials. An
increasing number of studies support their utility in inflam-
matory conditions like AD and as an option to maintain
healthy skin and skin barrier function (Fig. 5).

Skin microbiome engineering: Challenges and
opportunities

The most ambitious area of skin microbiome application,
other than introducing existing microbes or their metabo-
lites, is skin microbiome engineering, an emerging discipline
that seeks to rationally and precisely alter the composi-
tion and function of skin microbial communities to prevent
or heal disease.'*'* This could involve the use of several
high-risk approaches:

e Bacteriotherapy: Topical application of beneficial bac-
terial strains (autologous or commensal) corrects skin
dysbiosis, akin to fecal microbiota transplantation for gut
diseases. Pilot studies in AD showed reduced S. aureus and
symptom improvement, 2138146

e Synthetic communities: Researchers are working to
develop and assemble defined consortia of beneficial
microbes with specific and synergistic functions instead
of providing whole, undefined communities.'*”'*” These
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synthetic communities could specifically target certain
dysbiotic states; for instance, re-establishing colonization
resistance against S. aureus.

e Genetic engineering of commensals: This idea entails
modifying the genome of one of the skin-resident bacte-
ria, such as S. epidermidis, as a ‘‘living therapeutic’’.”
These microorganisms could be programmed to produce
skin lipids, anti-inflammatory molecules, or antimicrobial
peptides on demand, directly at the disease site.

Skin microbiome engineering represents incredible
potential, but challenges remain, such as ensuring the safety
and stability of the engineered microorganisms, addressing
complex regulatory pathways, and navigating the ethical
ramifications. The evolution of skin microbiome engineering
represents a distinct shift toward proactive, personalized,
and curative therapies across the dermatological spectrum
of skin diseases.

Future directions in personalized dermocosmetics
and therapeutics

The future of dermatology will ultimately shift toward per-
sonalization, with the microbiome as the foundation. Given
the massive inter-individual variability in skin microbial
communities, the one-size-fits-all paradigm to skincare and
treatment is often inadequate. High throughput sequencing
may become routine in the future, and clinicians will be able
to characterize a patient’s microbiome and define specific
dysbiotic signatures.

This information would allow personalized dermocos-
metic and therapeutic formulations. Imagine a day when
consumers can purchase moisturizers that contain prebi-
otic ingredients specifically selected to boost the uniqueness
of commensal populations, or when acne patients have
access to topical medications including bacteriophages
that selectively eradicate the culpable, pro-inflammatory
strains of C. acnes. For chronic skin disorders, clini-
cians may prescribe an engineered living biotherapeutic to
address a patient’s unique microbiome-driven immunologi-
cal or metabolic deficit. The promise of these personalized
approaches would result in more effective, safer, and
longer-lasting approaches to skin health and diseases, and
a true merger of ecology, molecular biology, and clinical
dermatology.

Conclusion

The study of the human skin microbiome has evolved
dramatically from initial microbiological cataloging to an
advanced ecological science. This transformation, catalyzed
by Mary Marples’ pioneering work in the 1960s, established
the foundational principle that skin harbors not merely
contaminating bacteria, but rather a complex, functionally
integrated microbial ecosystem. The evolution of skin micro-
biome study was greatly enhanced by culture-independent
molecular techniques, which captured the skin microbiome
as a community of bacteria, fungi, viruses, and mites, all
part of skin health. The microbiome represents more than
passive colonizers and is a participant in homeostasis in
many ways, including maintaining the physical barrier of
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skin, educating (and modulating) the host immune system,
and performing a host of metabolic processes.

However, this ecosystem can become disrupted and lead
to dysbiosis, which is increasingly recognized as a possible
pathogenesis of various dermatological conditions, includ-
ing AD, acne vulgaris, and chronic wounds. The challenge
of modern research is to expand beyond correlation-based
findings and delineate the mechanistic causation of how
these microbial changes create a disease state. The authors
are at the precipice of a new wave of skin microbiome
research characterized by high-resolution sequencing and
multi-omics technologies. The goal of these investigations
is to learn not only who is there, but what these total com-
munities are doing.

The authors are beginning to understand how forward-
thinking approaches can lead to new treatment paradigms.
Traditional therapies that relied on antibiotics are being
expanded into more intricate treatment modalities, such as
the use of probiotics, prebiotics, and postbiotics to restore
microbial balance through therapeutic interventions. This
is only the beginning of our ability to engineer the skin
microbiome, as there are still many hurdles to overcome,
but the possibility for targeted and personalized treatments
for chronic dermatological diseases will eventually emerge.
Research will only accelerate as the authors combine the
ecological principles with forefront research tools. Our use
of the word *‘future’’ for skin health is an intentional refe-
rence to the microbes that inhabit our skin.

Research data availability

The entire dataset supporting the results of this study was
published in this article.

Financial support

This study was funded by Fundacdo de Amparo a Pesquisa do
Estado de Sao Paulo (FAPESP), grant2022/09354-9).

Author contributions

Sabri Saeed Sanabani: Approval of the final version of the
manuscript; critical literature review; manuscript critical
review; preparation and writing of the manuscript; study
conception and planning.

Conflicts of interest
None declared.

Editor

Jane Tomimori.

References

1. Baquero F, Nombela C. The microbiome as a human organ. Clin
Microbiol Infect. 2012;18 Suppl 4:2-4.


http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0005

S.S. Sanabani

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Huang S, Haiminen N, Carrieri AP, Hu R, Jiang L, Parida L, et al.

Human skin, oral, and gut microbiomes predict chronological
age. mSystems. 2020;5:e00630-19.

. Deng T, Zheng H, Zhu Y, Liu M, He G, Li Y, et al. Emerging trends

and focus in human skin microbiome over the last decade: a
bibliometric analysis and literature review. Clin Cosmet Inves-
tig Dermatol. 2023;16:2153-73.

. Gallo RL. Human skin is the largest epithelial surface for inter-

action with microbes. J Invest Dermatol. 2017;137:1213-4.

. Grice EA, Segre JA. The skin microbiome. Nat Rev Microbiol.

2011;9:244-53.

. Schommer NN, Gallo RL. Structure and function of the human

skin microbiome. Trends Microbiol. 2013;21:660-8.

. Chen YE, Fischbach MA, Belkaid Y. Skin microbiota-host inter-

actions. Nature. 2018;553:427-36.

. Beri K. Skin microbiome & host immunity: applications in

regenerative cosmetics & transdermal drug delivery. Future
Sci OA. 2018;4. FSO302.

. Swaney MH, Kalan LR. Living in your skin: microbes, molecules,

and mechanisms. Infect Immun. 2021;89:e00695-20.

Suri H, Suri H, Nagda N, Misra T, Vuppu S. Current perspec-
tives on the human skin microbiome: functional insights and
strategies for therapeutic modulation. Biomed Pharmacother.
2025;193:118655.

Vayssier-Taussat M, Albina E, Citti C, Cosson JF, Jacques MA,
Lebrun MH, et al. Shifting the paradigm from pathogens to
pathobiome: new concepts in the light of meta-omics. Front
Cell Infect Microbiol. 2014;4:29.

Oh J, Freeman AF, NISC Comparative Sequencing Program, Park
M, Sokolic R, Candotti F, et al. The altered landscape of the
human skin microbiome in patients with primary immunodefi-
ciencies. Genome Res. 2013;23:2103-14.

Durack J, Piceno Y, Vuong H, Fanelli B, Good DA, Hasan NA,
et al. Yanomami skin microbiome complexity challenges pre-
vailing concepts of healthy skin. Nat Commun. 2025;16:5542.
Flores C, Millard S, Seekatz AM. Bridging ecology and
microbiomes: applying ecological theories in host-associated
microbial ecosystems. Curr Clin Microbiol Rep. 2025;12:9.
Martin AJM, Serebrinsky-Duek K, Riquelme E, Saa PA, Gar-
rido D. Microbial interactions and the homeostasis of the gut
microbiome: the role of Bifidobacterium. Microbiome Res Rep.
2023;2:17.

Sanford JA, Gallo RL. Functions of the skin microbiota in health
and disease. Semin Immunol. 2013;25:370-7.

Lunjani N, Ahearn-Ford S, Dube FS, Hlela C, O’Mahony L. Mech-
anisms of microbe-immune system dialogue within the skin.
Genes Immun. 2021;22:276-88.

Belkaid Y, Hand TW. Role of the microbiota in immunity and
inflammation. Cell. 2014;157:121-41.

Feng T, Elson CO. Adaptive immunity in the host-microbiota
dialog. Mucosal Immunol. 2011;4:15-21.

Mercer SD, McBain AJ, O’Neill C. The skin microbiome, micro-
bial metabolites and the epidermal response to ultraviolet
radiation-towards next generation suncare. Exp Dermatol.
2025;34:e70142.

Pessoa R, Clissa PB, Sanabani SS. The Interaction between the
host genome, epigenome, and the gut-skin axis microbiome in
Atopic Dermatitis. Int J Mol Sci. 2023;24:14322.

Gan Y, Zhang J, Qi F, Grice EA, Garza LA, Wang G. Microbial
homeostasis and dysbiosis in physiological and pathological
skin. Med. 2025;6:100847.

Yang Y, Huang J, Zeng A, Long X, Yu N, Wang X. The role
of the skin microbiome in wound healing. Burns Trauma.
2024;12:tkad059.

Celoria V, Rosset F, Pala V, Dapavo P, Ribero S, Quaglino P, et al.
The skin microbiome and its role in Psoriasis: a review. Psoriasis
(Auckl). 2023;13:71-8.

14

25.

26.

27.

28.
29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

Kutschera U. Antonie van Leeuwenhoek (1632-1723): mas-
ter of fleas and father of microbiology. Microorganisms.
2023;11:1994.

Blevins SM, Bronze MS. Robert Koch and the’ golden age’ of
bacteriology. Int J Infect Dis. 2010;14:e744-51.

Opal SM. A brief history of microbiology and immunology. Vac-
cines: A biography. 2009:31-56.

Newsom SW. Ogston’s coccus. J Hosp Infect. 2008;70:369-72.
Myles IA, Datta SK. Staphylococcus aureus: an introduction.
Semin Immunopathol. 2012;34:181-4.

Nguyen R, Persaud NA, Franco Garcia A. Paul Gerson
Unna: a medical pioneer in dermatopathology. Cureus.
2025;17:e84288.

Marples MJ. The ecology of the human skin. Springfield: Charles
C. Thomas; 1965.

Hannigan GD, Grice EA. Microbial ecology of the skin in the
era of metagenomics and molecular microbiology. Cold Spring
Harb Perspect Med. 2013;3:a015362.

Santiago-Rodriguez TM, Le Francois B, Macklaim JM, Doukha-
nine E, Hollister EB. The skin microbiome: current tech-
niques, challenges, and future directions. Microorganisms.
2023;11:1222.

Zhulin IB. Classic spotlight: 16S rRNA redefines microbiology. J
Bacteriol. 2016;198:2764-5.

Johnson JS, Spakowicz DJ, Hong BY, Petersen LM, Demkow-
icz P, Chen L, et al. Evaluation of 16S rRNA gene sequencing
for species and strain-level microbiome analysis. Nat Commun.
2019;10:5029.

Jo JH, Kennedy EA, Kong HH. Research techniques made sim-
ple: bacterial 16S ribosomal RNA gene sequencing in cutaneous
research. J Invest Dermatol. 2016;136:e23-7.

Satam H, Joshi K, Mangrolia U, Waghoo S, Zaidi G, Rawool S,
et al. Next-generation sequencing technology: current trends
and advancements. Biology (Basel). 2023;12:997.
Fernandez-Carro E, Letsiou S, Tsironi S, Chaniotis D, Ciriza J,
Beloukas A. Alternatives integrating omics approaches for the
advancement of human skin models: a focus on metagenomics,
metatranscriptomics, and metaproteomics. Microorganisms.
2025;13:1771.

Lawson CE, Harcombe WR, Hatzenpichler R, Lindemann SR,
Loffler FE, O’Malley MA, et al. Common principles and best
practices for engineering microbiomes. Nat Rev Microbiol.
2019;17:725-41.

Callewaert C, Ravard Helffer K, Lebaron P. Skin Microbiome
and its interplay with the environment. Am J Clin Dermatol.
2020;21:4-11.

Rozas M, Hart de Ruijter A, Fabrega MJ, Zorgani A, Guell
M, Paetzold B, et al. From dysbiosis to healthy skin: major
contributions of Cutibacterium acnes to skin homeostasis.
Microorganisms. 2021;9:628.

Bay L, Ring HC. Human skin microbiota in health and disease:
the cutaneous communities’ interplay in equilibrium and dys-
biosis: the cutaneous communities’ interplay in equilibrium
and dysbiosis. APMIS. 2022;130:706-18.

Nguyen UT, Kalan LR. Forgotten fungi: the importance
of the skin mycobiome. Curr Opin Microbiol. 2022;70:
102235.

. Mohammadi R, Morovati H, Safari F. The human mycobiome:

a critical yet understudied component of health and disease.
Microbiology (Reading). 2025;171:102235.

Lionakis MS, Drummond RA, Hohl TM. Immune responses to
human fungal pathogens and therapeutic prospects. Nat Rev
Immunol. 2023;23:433-52.

LiZ, LiS, Han C, Chen Y, Zhen H, SunYY, et al. A comprehensive
reference catalog of human skin DNA virome reveals novel viral
diversity and microenvironmental influences. Microbiol Spectr.
2025;13:e0117825.


http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0010
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0015
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0020
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0025
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0030
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0035
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0040
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0045
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0050
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0055
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0060
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0065
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0070
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0075
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0080
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0085
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0090
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0095
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0100
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0105
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0110
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0115
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0120
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0125
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0130
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0135
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0140
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0145
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0150
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0155
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0160
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0165
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0170
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0175
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0180
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0185
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0190
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0195
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0200
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0205
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0210
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0215
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0220
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0225
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0230

Anais Brasileiros de Dermatologia 2026;101(4):501393

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Hannigan GD, Meisel JS, Tyldsley AS, Zheng Q, Hodkinson BP,
SanMiguel AJ, et al. The human skin double-stranded DNA
virome: topographical and temporal diversity, genetic enrich-
ment, and dynamic associations with the host microbiome.
mBio. 2015;6:e01578-15.

Liu J, Yan R, Zhong Q, Ngo S, Bangayan NJ, Nguyen L, et al.
The diversity and host interactions of Propionibacterium acnes
bacteriophages on human skin. ISME J. 2015;9:2078-93.
Pyoria L, Pratas D, Toppinen M, Hedman K, Sajantila A,
Perdomo MF. Unmasking the tissue-resident eukaryotic DNA
virome in humans. Nucleic Acids Res. 2023;51:3223-39.
Foulongne V, Sauvage V, Hebert C, Dereure O, Cheval J, Gouilh
MA, et al. Human skin microbiota: high diversity of DNA viruses
identified on the human skin by high throughput sequencing.
PLoS One. 2012;7:e38499.

Graham EH, Clarke JL, Fernando SC, Herr JR, Adamowicz MS.
The application of the skin virome for human identification.
Forensic Sci Int Genet. 2022;57:102662.

Rychlik K, Sternicka J, Nowicki RJ, Bieniaszewski L, Purzycka-
Bohdan D. Significance of Demodex folliculorum and Demodex
brevis in pathogenesis of dermatological diseases-current
state of knowledge. Medicina (Kaunas). 2025;61:660.

Rather PA, Hassan |. Human Demodex mite: the versa-
tile mite of dermatological importance. Indian J Dermatol.
2014;59:60-6.

El-Moamly A, EL-Swify O. Raising awareness of Demodex mites:
a neglected cause of skin disease. Infection. 2025;53:1273-98.
Paichitrojjana A. Demodex: the worst enemies are the ones
that used to be friends. Dermatol Reports. 2022;14:9339.
Chioveanu FG, Niculet E, Torlac C, Busila C, Tatu AL. Beyond
the surface: understanding Demodex and its link to blepharitis
and facial dermatoses. Clin Ophthalmol. 2024;18:1801-10.
Rezende D, Varela JPV, Vilela JPA, Teixeira IB, Batista AMA,
Folz G, et al. Skin microbiome and its implications for derma-
tological diseases: new therapeutic perspectives. Health Soc.
2025;5:59-68.

Oh J, Byrd AL, Deming C, Conlan S, Kong HH, Segre JA, NISC
Comparative Sequencing Program. Biogeography and individu-
ality shape function in the human skin metagenome. Nature.
2014;514:59-64.

Xu X, Wang N, Lipson D, Sinsabaugh R, Schimel J, He L,
et al. Microbial macroecology: in search of mechanisms gov-
erning microbial biogeographic patterns. Global Ecol Biogeogr.
2020;29:1870-86.

Swaney MH, Nelsen A, Sandstrom S, Kalan LR. Sweat and sebum
preferences of the human skin microbiota. Microbiol Spectr.
2023;11:e0418022.

Perez-Losada M, Crandall KA. Spatial diversity of the skin bac-
teriome. Front Microbiol. 2023;14:1257276.

Mayslich C, Grange PA, Dupin N. Cutibacterium acnes as an
opportunistic pathogen: an update of its virulence-associated
factors. Microorganisms. 2021;9:303.

Cavallo I, Sivori F, Truglio M, De Maio F, Lucantoni F, Cardinali G,
et al. Skin dysbiosis and Cutibacterium acnes biofilm in inflam-
matory acne lesions of adolescents. Sci Rep. 2022;12:21104.
Costa FG, Horswill AR. Overcoming pH defenses on the skin to
establish infections. PLoS Pathog. 2022;18:e1010512.

Park M, Park S, Jung WH. Skin commensal fungus Malassezia
and its lipases. J Microbiol Biotechnol. 2021;31:637-44.
Natsch A, Emter R. The specific biochemistry of human axilla
odour formation viewed in an evolutionary context. Philos
Trans R Soc Lond B Biol Sci. 2020;375:20190269.

Troccaz M, Gaia N, Beccucci S, Schrenzel J, Cayeux I, Starken-
mann C, et al. Mapping axillary microbiota responsible for body
odours using a culture-independent approach. Microbiome.
2015;3:3.

Callewaert C, Kerckhof FM, Granitsiotis MS, Van Gele M, Van
de Wiele T, Boon N. Characterization of Staphylococcus and

15

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Corynebacterium clusters in the human axillary region. PLoS
One. 2013;8:€70538.

SanMiguel A, Grice EA. Interactions between host factors and
the skin microbiome. Cell Mol Life Sci. 2015;72:1499-515.
Moitinho-Silva L, Degenhardt F, Rodriguez E, Emmert H,
Juzenas S, Mobus L, et al. Host genetic factors related to
innate immunity, environmental sensing and cellular functions
are associated with human skin microbiota. Nat Commun.
2022;13:6204.

Jo JH, Harkins CP, Schwardt NH, Portillo JA, NISC Compara-
tive Sequencing Program, Zimmerman MD, et al. Alterations
of human skin microbiome and expansion of antimicro-
bial resistance after systemic antibiotics. Sci Transl Med.
2021;13:eabd8077.

Skowron K, Bauza-Kaszewska J, Kraszewska Z, Wiktorczyk-
Kapischke N, Grudlewska-Buda K, Kwiecinska-Pirog J, et al.
Human skin microbiome: impact of intrinsic and extrinsic fac-
tors on skin microbiota. Microorganisms. 2021;9:543.

Severn MM, Horswill AR. Staphylococcus epidermidis and its
dual lifestyle in skin health and infection. Nat Rev Microbiol.
2023;21:97-111.

Brown MM, Horswill AR. Staphylococcus epidermidis-skin
friend or foe? PLoS Pathog. 2020;16:e1009026.

Chen H, Luo W, Guo Z, Li Z, Feng J, Cao S, et al.
Integrative multi-omics deciphers the assembly rules of
the human skin microbiome and highlights lipid-mediated
niche partitioning. BioRxiv 674196 [Preprint]. 2025 [cited
2026 Jan 12]. Available from: https://www.biorxiv.org
/content/10.1101/2025.09.04.674196v1

Waters CM, Bassler BL. Quorum sensing: cell-to-cell communi-
cation in bacteria. Annu Rev Cell Dev Biol. 2005;21:319-46.
Natarelli N, Gahoonia N, Sivamani RK. Bacteriophages and the
microbiome in dermatology: the role of the phageome and a
potential therapeutic strategy. Int J Mol Sci. 2023;24:2695.
De Pessemier B, Grine L, Debaere M, Maes A, Paetzold B,
Callewaert C. Gut-skin axis: current knowledge of the inter-
relationship between microbial Dysbiosis and skin conditions.
Microorganisms. 2021;9:353.

Jimenez-Sanchez M, Celiberto LS, Yang H, Sham HP,
Vallance BA. The gut-skin axis: a bi-directional, microbiota-
driven relationship with therapeutic potential. Gut Microbes.
2025;17:2473524.

Burian M, Bitschar K, Dylus B, Peschel A, Schittek B. The pro-
tective effect of microbiota on s. aureus skin colonization
depends on the integrity of the epithelial barrier. J Invest
Dermatol. 2017;137:976-9.

Dodds D, Bose JL, Deng MD, Dubé GR, Grossman TH, Kaiser A,
et al. Controlling the growth of the skin commensal Staphy-
lococcus epidermidis using p-alanine auxotrophy. mSphere.
2020;5:e00360-20.

Nakatsuji T, Chen TH, Narala S, Chun KA, Two AM, Yun T, et al.
Antimicrobials from human skin commensal bacteria protect
against Staphylococcus aureus and are deficient in atopic der-
matitis. Sci Transl Med. 2017;9:eaah4680.

Cogen AL, Yamasaki K, Muto J, Sanchez KM, Crotty Alexander
L, Tanios J, et al. Staphylococcus epidermidis antimicrobial
delta-toxin (phenol-soluble modulin-gamma) cooperates with
host antimicrobial peptides to kill group A Streptococcus. PLoS
One. 2010;5:e8557.

Wang Z, Chen J, Veiga MC, Kennes C. Scalable propionic
acid production using Cutibacterium acnes ZW-1: insights
into substrate and pH-driven carbon flux. Sci Total Environ.
2025;967:178806.

Ito T, Nakamura Y. The skin barrier and microbiome in infantile
atopic dermatitis development: can skincare prevent onset?
Int Immunol. 2024;36:579-84.

Almoughrabie S, Cau L, Cavagnero K, O’Neill AM, Li F,
Roso-Mares A, et al. Commensal Cutibacterium acnes induce


http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0235
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0240
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0245
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0250
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0255
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0260
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0265
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0270
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0275
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0280
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0285
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0290
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0295
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0300
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0305
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0310
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0315
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0320
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0325
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0330
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0335
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0340
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0345
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0350
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0355
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0360
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0365
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0370
https://www.biorxiv.org/content/10.1101/2025.09.04.674196v1
https://www.biorxiv.org/content/10.1101/2025.09.04.674196v1
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0380
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0385
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0390
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0395
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0400
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0405
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0410
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0415
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0420
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0425
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430

S.S. Sanabani

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

epidermal lipid synthesis important for skin barrier function.
Sci Adv. 2023;9:eadg6262.

Sultana R, McBain AJ, O’Neill CA. Strain-dependent augmen-
tation of tight-junction barrier function in human primary
epidermal keratinocytes by Lactobacillus and Bifidobacterium
lysates. Appl Environ Microbiol. 2013;79:4887-94.
Scharschmidt TC. Establishing tolerance to commensal skin
bacteria: timing is everything. Dermatol Clin. 2017;35:1-9.
Scharschmidt TC, Vasquez KS, Truong HA, Gearty SV, Pauli ML,
Nosbaum A, et al. A wave of regulatory t cells into neona-
tal skin mediates tolerance to commensal microbes. Immunity.
2015;43:1011-21.
Miller LS. Toll-like
2008;24:71-87.

Seo HS, Michalek SM, Nahm MH. Lipoteichoic acid is important
in innate immune responses to gram-positive bacteria. Infect
Immun. 2008;76:206-13.

Lai Y, Cogen AL, Radek KA, Park HJ, Macleod DT, Leichtle
A, et al. Activation of TLR2 by a small molecule pro-
duced by Staphylococcus epidermidis increases antimicrobial
defense against bacterial skin infections. J Invest Dermatol.
2010;130:2211-21.

GalloRL. S. epidermidis influence on host immunity: more than
skin deep. Cell Host Microbe. 2015;17:143-4.

Naik S, Bouladoux N, Linehan JL, Han SJ, Harrison OJ,
Wilhelm C, et al. Commensal-dendritic-cell interaction spec-
ifies a unique protective skin immune signature. Nature.
2015;520:104-8.

Kortekaas Krohn I, Callewaert C, Belasri H, De Pessemier B,
Diez Lopez C, Mortz CG, et al. The influence of lifestyle and
environmental factors on host resilience through a homeo-
static skin microbiota: an EAACI task force report. Allergy.
2024;79:3269-84.

Nicolaou A, Kendall AC. Bioactive lipids in the skin barrier
mediate its functionality in health and disease. Pharmacol
Ther. 2024;260:108681.

Sanford JA, O’Neill AM, Zouboulis CC, Gallo RL. Short-chain
fatty acids from Cutibacterium acnes activate both a canonical
and epigenetic inflammatory response in human sebocytes. J
Immunol. 2019;202:1767-76.

Krzysciak P, Bakuta Z, Gniadek A, Garlicki A, Tarnowski M,
Wichowski M, et al. Prevalence of Malassezia species on the
skin of HIV-seropositive patients. Sci Rep. 2020;10:17779.
Nicholas-Haizelden K, Murphy B, Hoptroff M, Horsburgh MJ.
Bioprospecting the Skin Microbiome: advances in therapeutics
and personal care products. Microorganisms. 2023;11:1899.
Fischer CL. Antimicrobial activity of host-derived lipids. Antibi-
otics (Basel). 2020;9:75.

Weller R, Pattullo S, Smith L, Golden M, Ormerod A, Benjamin
N. Nitric oxide is generated on the skin surface by reduction
of sweat nitrate. J Invest Dermatol. 1996;107:327-31.

Chen H, Zhao Q, Zhong Q, Duan C, Krutmann J, Wang J,
et al. Skin microbiome, metabolome and skin phenome,
from the perspectives of skin as an ecosystem. Phenomics.
2022;2:363-82.

Abdelsalam NA, Ramadan AT, ElRakaiby MT, Aziz RK. Toxi-
comicrobiomics: the human microbiome vs. pharmaceutical,
dietary, and environmental xenobiotics. Front Pharmacol.
2020;11:390.

Dmytriv TR, Storey KB, Lushchak VI. Intestinal barrier per-
meability: the influence of gut microbiota, nutrition, and
exercise. Front Physiol. 2024;15:1380713.

Cho DE, Hong JP, Kim Y, Sim JY, Kim HS, Kim SR, et al. Role of
gut-derived bacterial lipopolysaccharide and peripheral TLR4
in immobilization stress-induced itch aggravation in a mouse
model of atopic dermatitis. Sci Rep. 2024;14:6263.

receptors in skin. Adv Dermatol.

16

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Ellis SR, Nguyen M, Vaughn AR, Notay M, Burney WA, Sandhu
S, et al. The skin and gut microbiome and its role in common
dermatologic conditions. Microorganisms. 2019;7:550.
Facchin S, Bertin L, Bonazzi E, Lorenzon G, De Barba C, Bar-
berio B, et al. Short-chain fatty acids and human health: from
metabolic pathways to current therapeutic implications. Life
(Basel). 2024;14:559.

Ney LM, Wipplinger M, Grossmann M, Engert N, Wegner VD,
Mosig AS. Short chain fatty acids: key regulators of the local
and systemic immune response in inflammatory diseases and
infections. Open Biol. 2023;13:230014.

Sanchez-Lopez MF, Barrero-Caicedo PA, Olmos-Carval HM,
Torres-Medina AF, Alzate-Granados JP. Relationship between
skin and gut microbiota dysbiosis and inflammatory skin dis-
eases in adult patients: a systematic review. The Microbe.
2025;7:100342.

Zhao Y, Yu C, Zhang J, Yao Q, Zhu X, Zhou X. The gutskin axis:
emerging insights in understanding and treating skin diseases
through gut microbiome modulation (review). Int J Mol Med.
2025;56:210.

Hou B, Shao H, Yuan D, Tham EH. Skin and gut microbiome in
atopic dermatitis: mechanisms and therapeutic opportunities.
Pediatr Allergy Immunol. 2025;36:e70265.

Polak K, Muszynski T, Fratczak A, Meznerics F, Banvolgyi A, Kiss
N, et al. Study of gut microbiome alterations in plaque psoriasis
patients compared to healthy individuals. Postepy Dermatol
Alergol. 2024;41:378-87.

Gowda V, Sarkar R, Verma D, Das A. Probiotics in dermatol-
ogy: an evidence-based approach. Indian Dermatol Online J.
2024;15:571-83.

Petersen C, Round JL. Defining dysbiosis and its influence
on host immunity and disease. Cell Microbiol. 2014;16:
1024-33.

Kong HH, Oh J, Deming C, Conlan S, Grice EA, Beatson MA,
et al. Temporal shifts in the skin microbiome associated with
disease flares and treatment in children with atopic dermati-
tis. Genome Res. 2012;22:850-9.

Otto M. Staphylococcus colonization of the skin and antimicro-
bial peptides. Expert Rev Dermatol. 2010;5:183-95.

Kline SN, Saito Y, Archer NK. Staphylococcus aureus Pro-
teases: orchestrators of skin inflammation. DNA Cell Biol.
2024;43:483-91.

Kline SN, Orlando NA, Lee AJ, Wu MJ, Zhang J, Youn C, et al.
Staphylococcus aureus proteases trigger eosinophil-mediated
skin inflammation. Proc Natl Acad Sci U S A. 2024;121,
€2309243121.

Hong JY, Kwon D, Park KY. Microbiome-based interventions for
skin aging and barrier function: a comprehensive review. Ann
Dermatol. 2025;37:259-68.

Letocha A, Michalczyk A, Bielecka E, Kantyka T, Miastkowska
M, Sikora E. Skin microbiome friendly topical formulations
containing probiotic-loaded alginate microspheres: in vitro
studies. Sci Rep. 2025;15:34246.

Fitz-Gibbon S, Tomida S, Chiu BH, Nguyen L, Du C, Liu M,
et al. Propionibacterium acnes strain populations in the human
skin microbiome associated with acne. J Invest Dermatol.
2013;133:2152-60.

McLaughlin J, Watterson S, Layton AM, Bjourson AJ, Barnard
E, McDowell A. Propionibacterium acnes and Acne vulgaris:
new insights from the integration of population genetic, multi-
omic, biochemical and host-microbe studies. Microorganisms.
2019;7:128.

Cheung CT, Lancien U, Corvec S, Mengeaud V, Mias C, Véziers
J, et al. Pro-inflammatory activity of Cutibacterium acnes phy-
lotype IA(1) and extracellular vesicles: an in vitro study. Exp
Dermatol. 2024;33:e15150.


http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0430
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0435
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0440
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0445
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0450
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0455
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0460
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0465
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0470
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0475
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0480
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0485
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0490
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0495
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0500
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0505
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0510
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0515
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0520
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0525
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0530
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0535
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0540
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0545
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0550
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0555
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0560
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0565
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0570
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0575
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0580
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0585
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0590
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0595
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0600
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0605
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0610
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0615

Anais Brasileiros de Dermatologia 2026;101(4):501393

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

ZhanglL, CaiY, LiL, Hu J, Jia C, Kuang X, et al. Analysis of global
trends and hotspots of skin microbiome in acne: a bibliometric
perspective. BioData Min. 2025;18:19.

Karoglan A, Paetzold B, Pereira de Lima J, Briggemann H,
Tuting T, Schanze D, et al. Safety and efficacy of topically
applied selected Cutibacterium acnes strains over five weeks
in patients with Acne vulgaris: an open-label, pilot study. Acta
Derm Venereol. 2019;99:1253-7.

Knodlseder N, Nevot G, Fabrega MJ, Mir-Pedrol J, Sanvicente-
Garcia M, Campama-Sanz N, et al. Engineering selectivity of
Cutibacterium acnes phages by epigenetic imprinting. PLoS
Pathog. 2022;18:e1010420.

Dowd SE, Wolcott RD, Sun Y, McKeehan T, Smith E, Rhoads
D. Polymicrobial nature of chronic diabetic foot ulcer biofilm
infections determined using bacterial tag encoded FLX ampli-
con pyrosequencing (bTEFAP). PLoS One. 2008;3:e3326.
Jnana A, Muthuraman V, Varghese VK, Chakrabarty S, Murali
TS, Ramachandra L, et al. Microbial community distribution
and core microbiome in successive wound grades of indi-
viduals with diabetic foot ulcers. Appl Environ Microbiol.
2020;86:€02608-19.

Campanati A, Marani A, Martina E, Diotallevi F, Radi G, Offi-
dani A. Psoriasis as an immune-mediated and inflammatory
systemic disease: from pathophysiology to novel therapeutic
approaches. Biomedicines. 2021;9:1511.

Fyhrquist N, Muirhead G, Prast-Nielsen S, Jeanmougin M, Olah
P, Skoog T, et al. Microbe-host interplay in atopic dermatitis
and psoriasis. Nat Commun. 2019;10:4703.

Chen LH, Li J, Zhu W, Kuang Y, Liu T, Zhang W, et al. Skin and
gut microbiome in Psoriasis: gaining insight into the patho-
physiology of it and finding novel therapeutic strategies. Front
Microbiol. 2020;11:589726.

Pachauri A, Sharma S. Unravelling the gut-skin axis: the role of
gut microbiota in pathogenesis and management of psoriasis.
Inflammopharmacology. 2025;33:3671-8.

Di Cesare A, Di Meglio P, Nestle FO. The IL-23/Th17 Axis
in the immunopathogenesis of Psoriasis. J Invest Dermatol.
2009;129:1339-50.

Garcia-Garcera M, Garcia-Etxebarria K, Coscolla M, Latorre
A, Calafell . A new method for extracting skin microbes

17

135.

136.

137.

138.

139.

140.

141,

142.

143.

144.

145.

146.

147.

allows metagenomic analysis of whole-deep skin. PLoS One.
2013;8:e74914.

Chen YE, Tsao H. The skin microbiome: current perspectives
and future challenges. J Am Acad Dermatol. 2013;69:143-55.
Jiminez V, Yusuf N. Bacterial metabolites and inflammatory
skin diseases. Metabolites. 2023;13:952.

Ederveen THA, Smits JPH, Boekhorst J, Schalkwijk J, van den
Bogaard EH, Zeeuwen P. Skin microbiota in health and disease:
from sequencing to biology. J Dermatol. 2020;47:1110-8.
Kong HH. Skin microbiome: genomics-based insights into
the diversity and role of skin microbes. Trends Mol Med.
2011;17:320-8.

Habeebuddin M, Karnati RK, Shiroorkar PN, Nagaraja S, Asdaq
SMB, Khalid Anwer M, et al. Topical probiotics: more than a
skin deep. Pharmaceutics. 2022;14:557.

Lebeer S, Oerlemans EFM, Claes |, Henkens T, Delanghe L,
Wuyts S, et al. Selective targeting of skin pathobionts and
inflammation with topically applied lactobacilli. Cell Rep Med.
2022;3:100521.

Al-Ghazzewi FH, Tester RF. Impact of prebiotics and probiotics
on skin health. Benef Microbes. 2014;5:99-107.

Scott E, De Paepe K, Van de Wiele T. Postbiotics and their
health modulatory biomolecules. Biomolecules. 2022;12:1640.
De Almeida CV, Antiga E, Lulli M. Oral and topical probiotics
and postbiotics in skincare and dermatological therapy: a con-
cise review. Microorganisms. 2023;11:1420.

Lyu Y, Shen J, Che Y, Dai L. Skin microbiome engineer-
ing: challenges and opportunities in skin diseases treatment.
iMetaOmics. 2025;2:e70012.

Atallah C, El Abiad A, El Abiad M, Nakad M, Assaf JC. Bio-
engineered skin microbiome: the next frontier in personalized
cosmetics. Cosmetics. 2025;12:205.

Callewaert C, Knodlseder N, Karoglan A, Guell M, Paetzold
B. Skin microbiome transplantation and manipulation: current
state of the art. Comput Struct Biotechnol J. 2021;19:624-31.
Lekbua A, Thiruppathy D, Coker J, Weng Y, Askarian F, Kousha
A, et al. SkinCom, a synthetic skin microbial community,
enables reproducible investigations of the human skin micro-
biome. Cell Rep Methods. 2024;4:100832.


http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0620
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0625
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0630
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0635
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0640
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0645
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0650
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0655
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0660
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0665
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0670
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0675
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0680
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0685
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0690
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0695
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0700
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0705
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0710
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0715
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0720
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0725
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0730
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735
http://refhub.elsevier.com/S0365-0596(26)00106-6/sbref0735

	The skin microbiome: from historical ecology to therapeutic frontiers
	Introduction
	Historical perspectives: The Genesis of skin ecology
	Early discoveries in cutaneous microbiology
	Major contributions of Mary Marples: Ecology paradigm shift
	Evolution of methods: culture to code

	The Skin as an ecosystem: Composition and topography
	Key microbial inhabitants: bacteria, fungi, viruses, and mites
	Biogeography of the skin: site-specific microbial communities
	Environmental factors shaping skin biogeography

	Functional roles of the skin microbiome in health
	Barrier function and protection against pathogens
	Education and modulation of host immune system
	Metabolically active and natural product degradation
	The Gut-Skin axis: A systemic connection

	Dysbiosis: The role of The microbiome in skin disease
	Contextualizing dysbiosis in the cutaneous setting
	Atopic dermatitis and microbial imbalance
	Acne vulgaris: The complicated role of Cutibacterium acnes
	Chronic wounds and diabetic foot ulcers
	Psoriasis: Chronic inflammation and the Th17/IL-17 signature

	Modern research frontiers and therapeutic horizons
	High-resolution sequencing and multi-omics approaches
	Microbiome-centered interventions: probiotics, prebiotics, and postbiotics
	Skin microbiome engineering: Challenges and opportunities
	Future directions in personalized dermocosmetics and therapeutics

	Conclusion
	Research data availability
	Financial support
	Author contributions
	Conflicts of interest

	References

