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ABSTRACT 

The human skin microbiome, comprising bacteria, fungi, viruses, and other microorganisms, plays a crucial role in 
maintaining skin homeostasis, modulating immune responses, and protecting against pathogens. Emerging research 
highlights that disruptions in microbial balance - dysbiosis - contribute to the pathogenesis of various dermatological 
conditions, including atopic dermatitis, psoriasis, acne vulgaris, rosacea, skin cancer, and impaired wound healing. Dysbiosis 
arises from genetic, environmental, and therapeutic factors, leading to altered barrier function, chronic inflammation, and 
disease exacerbation. 
In inflammatory disorders like atopic dermatitis and psoriasis, pathogenic overgrowth (e.g., Staphylococcus aureus) and 
reduced microbial diversity drive immune dysregulation. Similarly, acne and rosacea are influenced by shifts in 
Cutibacterium acnes phylotypes and Demodex-associated bacteria, which promote inflammation and biofilm formation. The 
skin microbiome also impacts skin cancer progression by modulating DNA damage responses and immunotherapy efficacy, 
while chronic wounds exhibit delayed healing due to pathogenic dominance and biofilm persistence. 
Understanding the intricate host-microbiome interplay offers transformative potential for dermatology, paving the way for 
precision medicine interventions that harness microbial ecology to enhance skin health and treat disease. 
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Introduction 

The human skin constitutes a complex ecosystem inhabited by a diverse array of microorganisms, 

including bacteria, fungi, and viruses, collectively referred to as the skin microbiota. Under physiological 

conditions, these microorganisms exist in a balanced symbiotic relationship with the host, playing essential 

roles in maintaining cutaneous homeostasis, protecting against pathogenic invasion, and modulating immune 

responses. In recent years, advancements in sequencing technologies have greatly enhanced our understanding 

of the composition and functional dynamics of the skin microbiome. Research has demonstrated that 

disturbances in this microbial equilibrium, known as dysbiosis, can contribute to the onset or exacerbation of 

various dermatological disorders. Dysbiosis may arise from intrinsic factors such as genetic predispositions or 

immune dysregulation, as well as extrinsic influences including antibiotic overuse, detergent exposure, and 

environmental pollutants. Alterations in the composition of the skin microbiome can impair barrier function, 

trigger aberrant immune responses, and promote chronic inflammation. The emerging concept of the 

"microbiome–skin axis" has gained prominence in dermatological research, emphasizing the bidirectional 

communication between microbial communities and the skin. A deeper understanding of these interactions 

opens new avenues for diagnosing and treating skin diseases. Despite notable progress, significant challenges 

remain, including the need for standardized research methodologies and improved insights into causal 

relationships within microbial ecology. This paper presents a comprehensive review of current knowledge on 

the role of the skin microbiota in health and disease, addressing both fundamental mechanisms and potential 

clinical applications. The analysis integrates molecular findings, clinical evidence, and therapeutic trials to 

provide a balanced overview of this rapidly evolving area in dermatology. 
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Material and Methods 

A comprehensive review of the literature was conducted using the PubMed and Google Scholar 

databases, focusing on studies examining the relationship between skin microbiota dysbiosis and the 

development, progression, and management of dermatological diseases. The bibliographic search employed a 

combination of keywords, including: skin microbiota, skin microbiome, cutaneous dysbiosis, dermatological 

diseases, atopic dermatitis, psoriasis, acne vulgaris, rosacea, microbial-host interactions, skin barrier function, 

microbiome modulation, probiotics, prebiotics, phage therapy, skin cancer, wound, wound healing, and 

microbiome transplantation. The search was restricted to peer-reviewed, freely accessible articles published in 

English between 2005 and 2025. Both observational and interventional studies were considered, with particular 

attention given to clinical trials, mechanistic investigations, and systematic reviews. This methodological 

approach enabled a critical evaluation of the current understanding of skin microbiome alterations in 

dermatological conditions, as well as the emerging therapeutic strategies aimed at correcting microbial 

imbalances. 

 

Structure and Function of the Epidermal Barrier 

The epidermis consists of multiple specialized layers that work together to maintain the skin's protective 

barrier. At the base lies the basal layer, which contains keratinocyte stem cells attached to the basement 
membrane. These cells undergo asymmetric division, with some remaining as stem cells while others 

differentiate and migrate upward through the epidermal layers. [1] 

As keratinocytes move up through the stratum spinosum, they change into a polyhedral shape and create 

strong intercellular connections with desmosomes, thus maintaining the structural integrity. When they get to 

the stratum granulosum, the cells become thinner and give off keratohyalin granules, which help to crosslink 

keratin filaments to create a waterproof barrier. The stratum corneum, the uppermost layer, consists of closely 

packed cells without nuclei that are surrounded by a lipid matrix. These corneocytes go through a process of 

constant shedding and replenishing in a period of four weeks. It is the main process to keep the skin barrier 

function. [1] 

 

Skin Microbiome Composition and Diversity 

The skin harbours a rich and diverse community of bacteria, viruses, fungi, and other microorganisms, 

collectively forming a sophisticated ecosystem that transcends conventional pathogen-centric views. 

Advanced DNA sequencing technologies have uncovered striking variations in the skin microbiome across 

different body sites and individuals, while also demonstrating its remarkable stability over time. These insights 

have redirected scientific focus toward elucidating the functional contributions of resident microbes to both 

skin homeostasis and disease pathogenesis. [2] 

The human skin supports a sophisticated microbial ecosystem whose composition varies markedly 

across anatomical regions, reflecting local variations in humidity, temperature, pH, and antimicrobial peptide 

concentrations. 16S rRNA sequencing reveals four dominant bacterial phyla: Actinobacteria (51.8%), 

Firmicutes (24.4%), Proteobacteria (16.5%), and Bacteroidetes (6.3%). At the genus level, distinct ecological 

niches emerge: sebaceous areas (e.g., face) show predominance of Propionibacterium and Staphylococcus, 

moist regions (e.g., axilla) are characterized by Corynebacterium dominance, while dry sites harbour diverse 

communities of β-Proteobacteria and Flavobacteriales. [2] 

Comparative methodological analyses indicate that while culture-dependent and sequencing approaches 

produce consistent results for resilient microbial species, molecular techniques uncover significantly greater 

diversity through detection of non-viable and unculturable organisms. Ecological characterization reveals that 

skin microbiota display moderate α-diversity but exceptionally high β-diversity relative to other epithelial 

surfaces. This pattern reflects pronounced inter-individual variation that demonstrates remarkable temporal 

stability. [2] 

Beyond bacteria, the skin microbiome includes [2]: 

1. Fungi: Predominantly lipophilic Malassezia species (M. globosa, M. restricta, M. sympodialis) in 

sebum-rich areas, with greater diversity on the feet (Aspergillus, Rhodotorula, Cryptococcus) 

2. Arthropods: Demodex mites (D. folliculorum in hair follicles, D. brevis in sebaceous glands) 

3. Viruses: Poorly characterized due to detection challenges, though emerging metagenomic studies 

reveal diverse DNA viruses, including potentially commensal human papillomaviruses 
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The Skin Microbiome as a Systemic Regulator 

The skin microbiome, comprising diverse bacteria, fungi, and viruses, serves as a crucial interface 

between the body and its external environment. Beyond its well-established role in maintaining skin barrier 

function, emerging evidence highlights its systemic regulatory capacity, influencing both cutaneous and 

whole-body physiology. Functionally, the skin microbiome contributes to host defence through three primary 

mechanisms: physical barrier reinforcement by stimulating tight junction production, pathogen exclusion via 

microbial competition and antimicrobial peptide secretion, and immune system modulation through complex 

host-microbe interactions. These interactions primarily occur through pattern recognition receptor (PRR) 

activation, which maintain immune homeostasis by balancing pro- and anti-inflammatory responses. Dysbiosis 

of this delicate ecosystem has been linked to various dermatological conditions, including atopic dermatitis, 

psoriasis, and acne vulgaris. More significantly, such microbial imbalances may contribute to systemic 

disorders, particularly autoimmune diseases, through mechanisms involving aberrant immune activation and 

loss of tolerance. The microbiome's systemic influence extends through multiple pathways, including direct 

microbial metabolite circulation, immune cell priming, and cross-talk with other barrier sites. [3] 

 

The skin microbiome in Atopic Dermatitis 

Atopic dermatitis (AD) is a chronic, relapsing inflammatory skin disorder characterized xerosis, pruritus, 
and eczematous lesions. The pathogenesis involves a triad of factors: genetic predisposition, particularly loss-

of-function mutations in the filaggrin (FLG) gene that disrupt stratum corneum integrity, epidermal barrier 

dysfunction permitting enhanced allergen penetration and type 2 immune polarization with elevated Th2 

cytokine production. This immunologic cascade results in chronic inflammation [4]. Environmental triggers, 

such as allergens and microbes, can worsen the condition by disrupting the skin microbiome and further 

impairing the barrier [5]. Clinically, AD presents as pruritic, erythematous patches, often leading to chronic 

scratching and skin thickening. 

The cutaneous microbiome is essential for maintaining epidermal barrier integrity and immune 

regulation, with its disruption being a well-established contributor to atopic dermatitis (AD) pathogenesis. 

Robust clinical evidence demonstrates that AD flares are consistently associated with two key microbial 

alterations: significantly diminished bacterial diversity and selective overcolonization by Staphylococcus 

aureus. [6], [7] A healthy skin microbiota acts as a natural defence barrier, producing antimicrobial peptides 

and modulating inflammatory pathways [8]. In AD, colonization with S. aureus exacerbates barrier 

dysfunction and promotes a pro-inflammatory Th2 response [9]. Recent findings underline the importance of 

commensal species, such as Staphylococcus epidermidis and Cutibacterium acnes, in suppressing S. aureus 
overgrowth and supporting skin health. [4], [10], [11] 

Dysbiosis is not only quantitative but also qualitative. For example, metagenomic analyses show 

functional impairments in the production of skin-protective molecules in AD patients [12]. Moreover, the 

infant skin microbiome is particularly susceptible to dysbiosis, suggesting early-life microbial imbalances 

could predispose individuals to AD [13]. 

Interestingly, host genetic factors, such as filaggrin mutations, interact with the microbiome, further 

impairing barrier integrity. [14] 

Immune modulation by the microbiota involves intricate interactions between the innate and adaptive 

immune systems. Commensal microorganisms can promote the activation of regulatory T cells, thereby 

suppressing inflammation, while a dysbiotic microbiota enhances Th2, Th17, and ILC2-mediated immune 

responses. [15] 

Recent studies explore innovative therapeutic avenues: 

• Topical application of commensals such as S. hominis to outcompete S. aureus. [16] 

• Microbiome transplantation and bacteriophage therapy targeting S. aureus. [8] 

• Use of postbiotics and prebiotics to selectively modulate the skin microbiome. [10] 

Moreover, an important observation is that treatment responses in AD (to corticosteroids or biologics) 

often correlate with restoration of a healthy microbiome. [17], [18] 

Data also suggest that probiotic supplementation could offer systemic modulation of skin immunity, 

although evidence remains mixed. [7] 

Newer metagenomic studies indicate that not just the presence, but the metabolic output of microbiota 

shapes disease outcomes. [9], [12] 

Finally, longitudinal birth cohort studies are shedding light on how early-life environmental exposures 

and microbiome shifts predict AD risk. [11], [13] 
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Despite these advances, significant challenges remain, including high inter-individual variability, 

regional microbiome differences, and difficulties in distinguishing cause from effect. [14] 

Future research must prioritize: 

• Stratified clinical trials based on microbiome profiles 

• Functional assays beyond taxonomic surveys 

• Longitudinal studies tracking microbiome evolution and treatment responses [13], [17] 

A deeper understanding of the skin microbiome’s involvement in the pathogenesis of atopic dermatitis 

(AD) paves the way for personalized medicine and targeted therapies focused on sustained disease control. 

Reduced microbial diversity plays a key role in exacerbating AD-associated itch through non-histaminergic 

pathways, compromised skin barrier function, and central sensitization. Interventions like probiotics and 

microbiome modulation have shown promise in relieving itch, highlighting innovative therapeutic possibilities. 

Continued research into the interplay between microbiota and itch may uncover new targets for improving AD 

treatment. [16] 

 

Psoriasis and skin microbiome 

Psoriasis is a chronic, immune-mediated skin disorder marked by hyperproliferation and aberrant 

differentiation of keratinocytes. Its pathogenesis is driven by a dysregulated immune response, particularly 
involving the activation of dendritic cells and T lymphocytes, which leads to the overproduction of 

proinflammatory cytokines such as TNF-α, IL-17, and IL-23 [19], [20]. Genetic susceptibility and 

environmental factors such as infections and physical trauma contribute to both the onset and exacerbation of 

the disease [21]. Clinically, psoriasis manifests as well-demarcated, erythematous plaques with silvery scales, 

predominantly affecting the elbows, knees, scalp, and lower back. Nail involvement is common and includes 

pitting, onycholysis, and subungual hyperkeratosis, reflecting the systemic nature of the condition [22]. Recent 

research has emphasized the pivotal role of the skin microbiome in the development and progression of 

psoriasis. Dysbiosis, or disruption of the microbial equilibrium on the skin, is increasingly recognized as a 

contributing factor in disease pathogenesis, underscoring the intricate interplay among genetic, environmental, 

immune, and microbial components [19]. 

Multiple studies have demonstrated that psoriatic lesions exhibit reduced microbial diversity compared 

to healthy skin, suggesting a loss of microbial homeostasis [23]. Notably, the abundance of beneficial 

commensal bacteria such as Cutibacterium acnes (formerly Propionibacterium acnes) is diminished, while 

pathogenic genera such as Streptococcus and Staphylococcus, particularly Staphylococcus aureus, are elevated 

[24]. This microbial shift fosters a proinflammatory milieu through the heightened activation of both innate 

and adaptive immune responses [12]. 

Microbial dysbiosis is believed to initiate and sustain immune activation via key pathways, notably the 

IL-23/Th17 axis, which is central to psoriatic inflammation [25]. Pathogens like S. aureus can produce 

superantigens that non-specifically activate T cells, thereby amplifying the inflammatory cascade [26]. 

Moreover, bacterial components such as lipoteichoic acid and peptidoglycan from Gram-positive bacteria 

further stimulate toll-like receptor (TLR) signalling, promoting sustained keratinocyte activation [27]. 

The fungal microbiome, or mycobiome, also plays a significant role in psoriasis. While Malassezia 

species dominate healthy skin, their role in psoriatic disease remains complex. Some studies suggest that 

Malassezia may promote psoriatic inflammation through cytokine induction [17], others propose that different 

Malassezia strains might exert protective effects under specific conditions [28]. These findings imply that the 

relationship between fungal communities and the host is finely tuned and context-dependent. 

In addition to the skin microbiota, the gut-skin axis has emerged as an important factor in psoriasis 

pathophysiology. Alterations in gut microbial composition, particularly a decrease in beneficial species like 

Faecalibacterium prausnitzii, have been linked to systemic inflammation and worsening of skin symptoms 

[26]. These findings suggest that both local (skin) and distant (gut) microbial communities are implicated in 

disease dynamics. 

Therapeutic strategies targeting the microbiome are gaining attention as a novel approach to managing 

psoriasis. Biologic agents, such as anti-IL-17 and anti-TNF-α therapies, not only improve skin lesions but also 

appear to normalize the skin microbiome, indicating that microbial composition may serve as a biomarker of 

treatment response [29]. Furthermore, emerging therapies, including topical probiotics and microbiome 

transplants, are being explored for their potential to directly modulate microbial communities and attenuate 

inflammation [30]. 
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Several studies have also found that reduced bacterial diversity, along with an overrepresentation of 

Firmicutes and underrepresentation of Actinobacteria, correlates with disease severity [17]. Restoring microbial 

diversity through targeted interventions could therefore represent a promising therapeutic strategy [31]. 

Lastly, recent evidence underscores the importance of host–microbiota interactions in maintaining skin 

immune homeostasis. Dysbiotic microbial communities can compromise skin barrier function, facilitating the 

entry of environmental antigens and aggravating inflammation [11]. This dual role of the microbiome, as both 

a protector and potential promoter of disease, highlights its importance in psoriatic pathogenesis, depending 

on microbial composition and barrier integrity. 

In summary, psoriasis is increasingly understood not solely as a result of genetic predisposition and 

immune dysregulation, but also as a condition significantly influenced by both the skin and gut microbiomes. 

Deeper insights into these complex interactions offer promising avenues for future microbiome-targeted 

therapies aimed at restoring microbial balance and improving disease outcomes. 

 

The influence of skin microbiota on the course of acne and rosacea 

Acne vulgaris is a common multifactorial skin condition primarily affecting the pilosebaceous unit. Its 

complex pathogenesis involves excess sebum production, follicular hyperkeratinization, hormonal factors, 

immune dysregulation, and microbial colonization, most notably by Cutibacterium acnes (C. acnes) [25]. 
Formerly known as Propionibacterium acnes, C. acnes is a commensal bacterium that contributes to skin 

homeostasis under normal conditions by modulating immune responses and supporting barrier integrity [12]. 

However, dysbiosis, defined as an imbalance in the microbial ecosystem, can shift C. acnes from a symbiotic 

to a pathogenic role [32]. 

Acne-related dysbiosis is characterized by a decline in microbial diversity and an overabundance of 

virulent C. acnes phylotypes, particularly those of the IA1 lineage [33], [34]. These strains activate innate 

immune receptors such as Toll-like receptor 2 (TLR2), inducing proinflammatory cytokines including IL-1β, 

IL-8, and TNF-α[11], [35]. The ability of C. acnes to form biofilms exacerbates inflammation by enhancing 

bacterial resistance to antibiotics and shielding the microbes from host immune defences [36]. 

Concurrently, a reduction in beneficial commensals such as Staphylococcus epidermidis impairs 

protective mechanisms. S. epidermidis inhibits C. acnes pathogenicity through the production of antimicrobial 

peptides (AMPs) and competitive biofilm formation [37]. Loss of these protective species disrupts cutaneous 

immune balance and promotes an environment conducive to acne development [38]. 

Beyond its role in initiating disease, dysbiosis also affects acne severity and response to treatment. 

Persistent microbial imbalance contributes to chronic inflammation, while antibiotic therapies targeting C. 
acnes may inadvertently eliminate protective commensals, further exacerbating dysbiosis [39]. Increasing 

resistance of C. acnes to commonly used antibiotics such as clindamycin and erythromycin underscores the 

need for microbiome-sparing alternatives [40], [41]. 

Emerging therapies aim to modulate rather than eradicate the skin microbiota. Bacteriophage therapy, 

targeting specific pathogenic C. acnes strains, has shown promise in selectively rebalancing the microbiome 

without disrupting beneficial species [42]. Topical probiotics, including Lactobacillus plantarum and 

Bifidobacterium spp., demonstrate anti-inflammatory effects and promote skin barrier repair [17], [43]. 

Advances in next-generation sequencing (NGS) and metagenomics have provided deeper insight into 

the functional consequences of microbial shifts. Acne-associated microbiota exhibit increased activity in fatty 

acid metabolism, quorum sensing pathways, and oxidative stress responses, all of which contribute to 

comedogenesis and inflammation [34], [36]. 

The gut-skin axis also plays a crucial role in acne pathophysiology. Gut dysbiosis can drive systemic 

inflammation via microbial metabolites such as lipopolysaccharides (LPS) and secondary bile acids [32], [44]. 

Altered gut microbial profiles have been correlated with acne severity, suggesting that oral probiotics and 

dietary interventions may help regulate systemic immunity and support acne treatment [45], [46]. 

In addition to acne, microbial dysbiosis is implicated in the pathogenesis of rosacea. Elevated Demodex 

mite density and accompanying bacterial imbalance, particularly involving Bacillus oleronius, can trigger 

chronic inflammation through TLR2 activation and abnormal cathelicidin expression [47]. Treatments that 

reduce Demodex load, such as topical ivermectin, help restore microbial balance and reduce inflammation [40]. 

Therapeutic impacts on the microbiome are an important consideration. Isotretinoin, a gold-standard 

treatment for severe acne, not only decreases sebum production but also significantly alters the skin microbiota: 

reducing C. acnes density and enhancing microbial diversity [48]. However, due to its systemic effects, 

isotretinoin therapy requires careful monitoring of microbiome-related changes [49]. 
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Additionally, microbial metabolites such as short-chain fatty acids (SCFAs), produced by commensal 

anaerobes, play an essential role in modulating skin inflammation and maintaining barrier integrity. SCFAs 

have been shown to strengthen the epidermal barrier and suppress inflammation, whereas dysbiosis-driven 

SCFA imbalances may impair these protective effects and sustain inflammatory lesions [50]. 

In conclusion, the skin microbiome plays a vital and multifaceted role in the development, progression, 

and treatment of acne vulgaris and rosacea. Dysbiosis, marked by reduced microbial diversity and pathogenic 

overgrowth, drives both local and systemic inflammation. Future acne therapies are likely to focus on restoring 

microbial homeostasis rather than broadly eliminating microbial populations. Ongoing research into 

microbiome-based interventions and personalized dermatological approaches will be essential for improving 

therapeutic outcomes and patient care [11], [35], [38], [51]. 

 

The Skin Microbiome and Skin Cancer 

The skin microbiome plays a pivotal role in the pathogenesis of skin cancers, with growing evidence 

pointing to a complex interplay between microbial dysbiosis and oncogenesis. The composition of cutaneous 

microbiota can influence cancer development through several mechanisms, including modulation of immune 

responses, promotion of chronic inflammation, and direct impacts on genomic stability. Ultraviolet (UV) 

radiation, a well-established risk factor for skin cancer, has been shown to significantly disrupt the skin 
microbiome. It reduces protective commensals such as Staphylococcus epidermidis and facilitates the 

proliferation of pro-inflammatory species like Staphylococcus aureus and Cutibacterium acnes [52], [53]. 

These microbial alterations contribute to tumour development by increasing reactive oxygen species (ROS) 

production, which induces DNA damage and impairs repair processes, particularly relevant in squamous cell 

carcinoma (SCC) and basal cell carcinoma (BCC) [54], [55]. Specific pathogens, notably S. aureus, have been 

implicated in accelerating SCC progression by triggering the release of pro-inflammatory cytokines such as 

IL-6 and TNF-α, while simultaneously suppressing antitumor immune responses [56]. In melanoma, the gut-

skin microbiome axis has emerged as an important modulator of therapeutic efficacy. Commensal bacteria 

such as Bifidobacterium and Akkermansia muciniphila enhance responses to immune checkpoint inhibitors 

(e.g., anti-PD-1 therapy) by stimulating dendritic cell activity and promoting CD8+ T-cell infiltration into 

tumours [57], [58]. Conversely, antibiotic-induced dysbiosis has been associated with diminished 

responsiveness to immunotherapy, further underscoring the microbiome's role in shaping treatment outcomes 

[37]. Additionally, organisms like Demodex mites and their associated bacteria (e.g., Bacillus oleronius) have 

been linked to enhanced tumour-associated inflammation via Toll-like receptor (TLR) activation and 

dysregulated cathelicidin expression, suggesting novel therapeutic targets for microbiome-based interventions 

[41], [59]. Beyond oncogenesis, microbial dysbiosis has been correlated with tumour aggressiveness, with 

distinct microbial signatures distinguishing between indolent and aggressive tumours. These findings point to 

the potential of the microbiome as a biomarker for disease stratification [60]. Current microbiome-modulating 

therapies, including probiotics and skin microbiota-targeted interventions, are primarily being explored for 

inflammatory skin conditions such as atopic dermatitis and psoriasis. These strategies aim to restore barrier 

integrity and suppress the overgrowth of pathogenic species. While they show promise in reducing cutaneous 

inflammation, their application as adjunctive treatments in oncology remains speculative and requires further 

clinical validation [56]. In summary, the skin microbiome plays a dual role in both promoting and inhibiting 

skin cancer. It represents a promising frontier for the development of diagnostic biomarkers and therapeutic 

targets in dermatologic oncology. Future research should aim to elucidate specific microbial mechanisms 

involved in tumour biology and to develop personalized microbiome-based interventions to enhance cancer 

prevention, treatment efficacy, and patient outcomes. 

 

The relationship between intact skin microbiota and wound healing. 

The skin microbiome plays a fundamental role in the process of wound healing, with its composition 

and equilibrium directly impacting both the speed and effectiveness of tissue repair. A healthy and diverse 

microbial community supports wound resolution through multiple mechanisms, including immune modulation, 

inhibition of pathogen colonization, and stimulation of tissue regeneration. Commensal bacteria such as 

Staphylococcus epidermidis and Corynebacterium species contribute positively to wound healing by 

producing antimicrobial peptides (AMPs) that suppress pathogenic microbes, while also promoting 

keratinocyte migration and proliferation—key processes in epidermal regeneration [1], [61]. These beneficial 

organisms help maintain a controlled inflammatory response by regulating cytokine production and neutrophil 

activity, which is essential during the early inflammatory phase of wound healing [62]. In contrast, microbial 
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dysbiosis—marked by an overgrowth of pathogenic species such as Staphylococcus aureus or Pseudomonas 

aeruginosa—disrupts the healing process by sustaining chronic inflammation, enhancing oxidative stress, and 

promoting biofilm formation. Biofilms act as protective barriers for pathogens, shielding them from immune 

clearance and contributing to wound chronicity [63], [64]. Chronic wounds, including diabetic foot ulcers and 

venous leg ulcers, frequently exhibit reduced microbial diversity and dominance of pathogenic bacteria, 

conditions that correlate with delayed wound healing and an increased risk of infection and complications [65], 

[66]. The interaction between the microbiota and the host immune system is especially critical; dysbiosis can 

impair macrophage polarization and fibroblast function, both of which are crucial for tissue remodelling and 

scar formation [67], [68]. Emerging therapeutic approaches aim to restore microbial balance to support 

effective healing. These include the use of probiotics, prebiotics, and bacteriophage therapy, which target 

harmful bacteria while preserving or enhancing beneficial microbial populations [69], [70]. Additionally, 

advancements in microbiome profiling technologies have enabled the identification of specific microbial 

signatures linked to impaired wound healing, offering potential biomarkers for prognosis and treatment 

monitoring. Future research should continue to investigate the precise mechanisms by which the skin 

microbiome influences each phase of wound repair. A deeper understanding will inform the development of 

targeted microbiome-based therapies that can optimize wound healing outcomes and reduce the burden of 

chronic wounds. 
 

Future Directions in Skin Microbiome Research 

The field of skin microbiome research holds significant transformative potential for dermatology, 

though it necessitates targeted advancements. Critical priorities include the standardization of sampling and 

analytical methodologies to facilitate cross-study comparisons, as well as a shift from correlative studies to 

investigations that establish causality, particularly through multi-omics approaches. Personalized modulation 

of the microbiome using targeted probiotics, phage therapy, or microbial transplants could revolutionize 

therapeutic strategies. Equally important is the development of microbiome-sparing alternatives to broad-

spectrum antibiotics. Deeper exploration of the gut–skin axis and the microbiome’s influence on 

immunotherapy responses is also warranted. Clinical translation will depend on robust trials validating the 

efficacy and safety of microbiome-based interventions. Collectively, these advances are expected to enable 

precision dermatology approaches that leverage microbial ecology to enhance skin health. 

 

Conclusions 

The skin microbiome plays a fundamental role in preserving cutaneous homeostasis by regulating barrier 

function, modulating immune responses, and protecting against pathogenic invasion. Emerging evidence has 

established that dysbiosis, defined as disruptions in microbial composition, contributes to the pathogenesis of 

numerous dermatological conditions, including atopic dermatitis, psoriasis, acne, rosacea, skin cancer, and 

impaired wound healing. These alterations can result from genetic predisposition, environmental exposures, 

or therapeutic interventions, underscoring the delicate balance between host and microbiota. In inflammatory 

skin diseases such as atopic dermatitis and psoriasis, dysbiosis fosters the overgrowth of pathogenic organisms 

like Staphylococcus aureus while suppressing beneficial commensals, thereby exacerbating inflammation and 

compromising barrier integrity. In acne and rosacea, microbial shifts involving virulent Cutibacterium acnes 

strains or Demodex-associated bacteria drive disease progression through immune activation and biofilm 

formation. The skin microbiome also impacts skin cancer development by modulating inflammatory pathways, 

DNA damage responses, and immunotherapy efficacy. In chronic wounds, microbial imbalances delay healing 

by perpetuating inflammation and promoting biofilm-associated infections. Therapeutic strategies targeting 

the microbiome including probiotics, prebiotics, phage therapy, and microbial transplantation hold promise for 

restoring microbial equilibrium and improving clinical outcomes. Nevertheless, challenges persist, including 

the lack of standardized methodologies, limited causal insights, and the need for personalized approaches. 

Future research should prioritize longitudinal studies, multi-omics integration, and rigorous clinical trials to 

validate these interventions. Ultimately, the skin microbiome represents a dynamic interface between the host 

and the environment, offering novel diagnostic and therapeutic avenues in dermatology. By advancing our 

understanding of host–microbiota interactions, precision medicine strategies can be developed to promote skin 

health and more effectively treat dermatological diseases. 
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