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Abstract: The skin microbiome is a dynamic microbial ecosystem that plays a fundamental 

role in maintaining epidermal barrier integrity, regulating immune homeostasis, and 

protecting against pathogenic colonisation. Dysbiosis of the skin microbiota has been 

implicated in numerous dermatological disorders, including acne vulgaris, atopic dermatitis, 

psoriasis, rosacea, and premature skin ageing, highlighting the microbiome as an emerging 

therapeutic target. In this context, probiotics have attracted increasing attention as 

microbiome-based interventions owing to their ability to restore microbial equilibrium and 

modulate host-microbe interactions. This review critically evaluates the current 
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understanding of probiotics in dermatology, with particular emphasis on the molecular 

mechanisms underlying their therapeutic effects. Recent studies demonstrate that probiotics 

exert strain-specific activities through competitive exclusion of pathogens, production of 

antimicrobial peptides and bioactive metabolites, modulation of Toll-like receptor (TLR)-

mediated signalling, regulation of nuclear factor kappa B (NFκB) and mitogen-activated 

protein kinase (MAPK) pathways, enhancement of tight junction proteins and ceramide 

synthesis, and modulation of cytokine networks involved in cutaneous immunity. 

Representative probiotic strains, including Lacticaseibacillus rhamnosus GG, Lactobacillus 

acidophilus, Lactobacillus plantarum, Bifidobacterium species, Bacillus coagulans, 

Saccharomyces boulardii, and Enterococcus faecium, are discussed with respect to their 

strain-specific molecular effectors and dermatological applications. Clinical evidence 

supporting oral and topical probiotic interventions is critically appraised, highlighting both 

therapeutic potential and the heterogeneity of existing studies. Emerging advances in 

postbiotics, engineered probiotics, synthetic biology, CRISPR-based microbiome editing, 

multi-omics technologies, and artificial intelligence-driven precision microbiome medicine 

are also discussed as future directions. Despite encouraging findings, important challenges 

remain, including strain standardisation, formulation stability, regulatory harmonisation, and 

the need for robust multicentre clinical trials. Collectively, current evidence suggests that 

probiotics represent promising adjunctive strategies for microbiome-targeted dermatological 

therapy; however, further molecular and translational investigations are required to facilitate 

their integration into scientifically validated precision dermatology. 

Keywords: Probiotics; Gut-skin axis; Postbiotics; Skin microbiome; Microbiome 

engineering; Dermatology 

 

1. Introduction 

The skin is the largest organ of the human body and serves as a dynamic interface 

between the internal environment and external surroundings [1]. Structurally, it consists of 

three main layers: the epidermis, dermis, and hypodermis, which function collectively to 

maintain physiological homeostasis and protect the body from physical, chemical, and 

biological insults [2]. The epidermis forms the primary barrier against environmental 

stressors, while the dermis provides structural support through a complex extracellular matrix 

containing collagen, elastin, blood vessels, hair follicles, sweat glands, sebaceous glands, and 

sensory receptors [3]. Beneath these layers, the hypodermis or subcutaneous tissue [4], serves 

as an energy reservoir, thermal insulator, and cushioning layer that anchors the skin to 

underlying muscles and bones [5,6] Beyond its structural functions, the skin plays critical roles 

in immune surveillance, hydration maintenance, thermoregulation, wound healing, and the 

synthesis of bioactive molecules essential for overall health [7–9]. Figure 1 below shows the 

cross-sectional representation of the skin structure. 
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Figure 1. Cross-section of the skin. 

Recent advances in microbiome research have revealed that the skin functions as a 

complex ecological niche inhabited by diverse microorganisms, including bacteria, fungi, 

viruses, and mites [10,11]. These microbial communities are not passive residents but active 

contributors to skin homeostasis [12]. The composition of the skin microbiome varies across 

anatomical sites in response to local physiological conditions, including moisture content, 

sebum production, pH, and oxygen availability [13]. Through continuous interactions with 

keratinocytes, sebocytes, and immune cells, commensal microorganisms contribute to barrier 

maintenance, pathogen exclusion, and immune regulation [14]. For example, commensal 

bacteria can produce antimicrobial peptides and short-chain fatty acids that inhibit pathogen 

colonisation, while simultaneously promoting regulatory immune responses that prevent 

excessive inflammation [15].  

Disruption of the balanced relationship between the host and its resident microbiota, 

commonly referred to as dysbiosis, has been increasingly recognised as a key factor in the 

pathogenesis of numerous dermatological disorders [16,17]. Alterations in microbial diversity 

or the overgrowth of opportunistic microorganisms can impair barrier integrity, activate 

inflammatory signalling pathways, and exacerbate disease progression [18]. In acne vulgaris, 

dysbiosis involving specific strains of Cutibacterium acnes may stimulate the production of 

pro-inflammatory cytokines through Toll-like receptor-mediated pathways [19]. Similarly, 

reduced microbial diversity and increased colonisation by Staphylococcus aureus are 

strongly associated with barrier dysfunction and immune dysregulation in atopic dermatitis 

[20]. These findings highlight the intimate relationship between skin structure, microbial 

ecology, and cutaneous health. 
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Conventional dermatological therapies, including antibiotics, corticosteroids, 

retinoids, antihistamines, and phototherapy, remain the mainstay of dermatological treatment 

and management [21]. While these therapies are generally effective in controlling symptoms, 

their long-term use may be associated with adverse effects, such as skin irritation, barrier 

disruption, photosensitivity, and the emergence of antimicrobial resistance [22]. Furthermore, 

most conventional treatments primarily target disease symptoms rather than addressing the 

underlying microbial imbalance that contributes to disease development and recurrence [23]. 

Consequently, increasing attention has been directed towards microbiome-targeted strategies 

that aim to restore microbial homeostasis while supporting the skin’s natural defence 

mechanisms. 

Among these approaches, probiotics, defined as live microorganisms that confer 

health benefits when administered in adequate amounts, have emerged as promising 

candidates for maintaining and restoring skin health [24]. Probiotics can exert beneficial 

effects through multiple mechanisms, including competitive exclusion of pathogens and 

production of innate and adaptive immune responses [25]. These mechanisms directly address 

several pathways implicated in dysbiosis-associated skin disorders [26], making probiotics 

attractive therapeutic and preventive tools in modern dermatology. As scientific 

understanding of host-microbiome interactions continues to expand, probiotics and other 

microbiome-based interventions are increasingly being incorporated into dermatological and 

skincare applications [27]. 

This review provides a comprehensive overview of the role of probiotics in 

dermatology and microbiome-based skincare. Specifically, it discusses the mechanisms 

through which probiotics influence skin health, the major probiotic strains investigated for 

dermatological applications, formulation and delivery approaches, and their therapeutic 

potential in common skin disorders. In addition, current challenges, safety considerations, 

regulatory issues, and future perspectives for probiotic-based skincare products are critically 

evaluated. This review focuses primarily on probiotic microorganisms and their direct 

dermatological applications. Detailed discussions of prebiotics, postbiotics, synbiotics, and 

gut-skin axis interventions, as well as broader cosmetic regulatory frameworks, are beyond 

the scope of the present review, except where relevant to probiotic function and product 

development. 

2. Review Methodology 

To summarise current clinical evidence, published studies investigating probiotic 

interventions for dermatological conditions were identified through literature searches of 
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PubMed, Scopus, Web of Science, and Google Scholar. Search terms included combinations 

of probiotics, skin microbiome, dermatology, acne vulgaris, atopic dermatitis, eczema, 

psoriasis, skin ageing, topical probiotics, and oral probiotics. Priority was given to 

randomised controlled trials (RCTs), systematic reviews, meta-analyses, and well-designed 

clinical studies published in English from 2000 to 2026 to capture both early developments 

and recent advancements in the field, while relevant landmark studies were included where 

appropriate. Preclinical studies were incorporated primarily to explain molecular 

mechanisms when supporting clinical studies was limited. Owing to the heterogeneity of 

probiotic strains, dosages, treatment durations, and clinical outcome measures, this review is 

presented as a narrative synthesis rather than a quantitative meta-analysis. 

3. The Science Behind Probiotics in Dermatology 

Understanding the therapeutic potential of probiotics in dermatology requires an 

appreciation of the complex interactions between the skin microbiome, host immune system, 

and microbial metabolites. According to the International Scientific Association for 

Probiotics and Prebiotics (ISAPP), probiotics are defined as beneficial live microorganisms 

that confer health benefits to the host when administered in adequate amounts [28]. Common 

probiotic genera include Escherichia, Lactobacillus, Bacillus, Saccharomyces, 

Bifidobacterium, Enterococcus and Streptococcus [29]. In dermatological applications, 

probiotics may be delivered as viable microorganisms, lysates, ferments, or postbiotics, each 

capable of interacting with host tissues through distinct biological mechanisms [30].  

3.1. Skin Microbiome and Host-Microbe Interactions 

The skin microbiome comprises a diverse ecosystem of bacteria, fungi, viruses, and 

mites that inhabit the epidermis, sebaceous glands, and hair follicles [31]. These 

microorganisms continuously interact with keratinocytes, sebocytes, dendritic cells, and 

resident immune cells through pattern recognition receptors (PRRs), which detect conserved 

microbial-associated molecular patterns (MAMPs) [32]. Among these receptors, Toll-like 

receptors (TLRs), nucleotide-binding oligomerisation domain (NOD)-like receptors, and C-

type lectin receptors play essential roles in maintaining immune homeostasis and barrier 

integrity [33]. Under healthy conditions, commensal microorganisms play a crucial role in 

maintaining skin homeostasis by protecting against pathogenic invasion, modulating immune 

responses, and supporting skin barrier integrity [34]. However, microbial dysbiosis can trigger 

abnormal PRR activation, excessive inflammation, and disruption of epidermal barrier 

function, contributing to the development of acne, eczema (atopic dermatitis), psoriasis, and 

premature skin ageing [35].  
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3.2. Molecular Mechanisms of Probiotic Action 

Probiotics exert their dermatological effects through multiple interconnected 

molecular pathways. One of the primary mechanisms involves modulation of PRR-mediated 

signalling [36]. Probiotic-derived microbial ligands interact with Toll-like receptor 2 (TLR2), 

Toll-like receptor 4 (TLR4), and other PRRs expressed on keratinocytes and immune cells, 

thereby controlling the activation of downstream signalling cascades [37,38]. This interaction 

can suppress excessive inflammatory responses by inhibiting the activation of nuclear factor 

kappa B (NF-κB), a key transcription factor responsible for producing pro-inflammatory 

mediators such as tumour necrosis factor-alpha (TNF-α), interleukin (IL)-1β, IL-6, and IL-8 

[39]. 

In addition to regulating NF-κB signalling, probiotics can modulate mitogen-

activated protein kinase (MAPK) pathways, including extracellular signal-regulated kinase 

(ERK), c-Jun N-terminal kinase (JNK), and cytokinin-specific binding protein (p38 MAPK) 

[40]. Regulation of these pathways influences cellular proliferation, differentiation, oxidative 

stress responses, and cytokine production [41]. Through these mechanisms, probiotics help 

attenuate chronic inflammation while promoting tissue repair and restoration of barrier 

function [42]. Furthermore, probiotics influence both innate and adaptive immunity by 

enhancing anti-inflammatory cytokines, such as IL-10 and transforming growth factor-beta 

(TGF-β), while suppressing pro-inflammatory mediators [43]. Several probiotic strains have 

also been reported to promote the differentiation of regulatory T cells (Tregs), contributing 

to immune tolerance and reduced inflammatory responses in chronic skin disorders [43].  The 

mechanistic figure demonstrating NF-κB and MAPK pathways is shown in Figure 2. 

 

Figure 2. The molecular mechanisms of probiotic action involved in the (A) NF-κB and (B) MAPK pathways. 

The icon resources used in this figure were obtained from BioRender software (Toronto, Canada). 
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3.3. Metabolite-mediated Mechanisms  

Beyond direct microbial-host interactions, probiotics produce a variety of bioactive 

metabolites that contribute to skin health. Among the most extensively studied are short-

chain fatty acids (SCFAs), including acetate, propionate, and butyrate [44]. SCFAs strengthen 

epithelial barrier function by enhancing tight-junction protein expression, regulating 

keratinocyte differentiation, and suppressing inflammatory signalling pathways [45]. They 

also function as histone deacetylase inhibitors by altering DNA transcription [46,47], thereby 

influencing gene expression and immune regulation [48]. 

Probiotic microorganisms additionally produce antimicrobial peptides and 

bacteriocins that inhibit the growth of pathogenic microorganisms, including Staphylococcus 

aureus and pathogenic strains of Cutibacterium acnes [49]. These antimicrobial compounds 

help restore microbial balance and reduce pathogen-induced inflammation. Another 

important class of microbial metabolites comprises tryptophan-derived compounds, 

including indole derivatives that activate the aryl hydrocarbon receptor (AhR) [50]. Activation 

of AhR regulates epidermal differentiation, immune homeostasis, antioxidant defence 

mechanisms, and barrier formation [51]. Increasing studies suggest that modulation of the AhR 

pathway shows an important mechanism through which probiotics contribute to skin health 

and disease prevention [52,53]. 

3.4. The Gut-Skin Axis 

The gut-skin axis describes the bidirectional communication network linking the 

gastrointestinal microbiota and skin through immune, metabolic, endocrine, and 

neuroendocrine pathways [54]. Alterations in gut microbial composition can increase intestinal 

permeability and promote systemic dissemination of inflammatory mediators, thereby 

contributing to skin inflammation [55]. Conversely, restoration of gut microbial balance 

through probiotic supplementation may reduce systemic inflammation and improve 

dermatological outcomes [56]. Orally administered probiotics have been shown to modulate 

circulating cytokine profiles, enhance regulatory immune responses, and increase the 

production of beneficial microbial metabolites such as SCFAs [57]. These systemic effects 

may influence skin barrier integrity, sebum production, oxidative stress, and inflammatory 

responses [58], providing a mechanistic basis for the beneficial effects observed in conditions 

such as acne vulgaris and atopic dermatitis. 

In this context, probiotics contribute to skin health through several complementary 

mechanisms. They help restore microbial equilibrium by competing with pathogenic 
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microorganisms for nutrients and adhesion sites, producing antimicrobial substances, and 

modulating host immune responses [59]. Furthermore, increasing scientific studies support the 

importance of the gut-skin axis, which describes the bidirectional communication between 

the gastrointestinal tract and the skin through immune, metabolic, and neuroendocrine 

pathways [60]. This concept suggests that modulation of the gut microbiota through oral 

probiotics may indirectly improve skin conditions such as acne and atopic dermatitis by 

reducing systemic inflammation and enhancing immune regulation [61].  

3.5. Strain-specific Effects of Probiotics  

Importantly, probiotic effects are highly strain-dependent, and different probiotic 

strains exhibit distinct adhesion properties, metabolite production profiles, antimicrobial 

activities, and immunomodulatory capabilities [62]. For example, Lactobacillus rhamnosus 

has been widely associated with enhancing skin barrier function and inducing regulatory 

immune responses [63]. In contrast, Lacticaseibacillus paracasei has demonstrated efficacy in 

reducing skin sensitivity, maintaining hydration, and improving barrier recovery [64]. 

Similarly, Bifidobacterium lactis has been reported to enhance skin hydration and reduce 

inflammatory responses [65], while Lactiplantibacillus plantarum exhibits strong antioxidant 

and antimicrobial properties [66]. These strain-specific differences highlight the importance 

of selecting appropriate probiotic strains for targeted dermatological applications and 

underscore the need for mechanistic studies that link specific microbial functions to clinical 

outcomes. 

4. Molecular Mechanisms of Probiotic Action 

The dermatological benefits of probiotics arise from complex molecular interactions 

involving skin microbiota, epithelial cells, immune cells, and microbial metabolites [67]. 

Rather than acting solely through microbial replacement, probiotics influence microbial 

ecology, regulate host signalling pathways, reinforce epidermal barrier integrity, and produce 

bioactive compounds that collectively restore skin homeostasis [15]. Importantly, these 

mechanisms are highly strain-specific and are influenced by probiotic variability, dosage, 

formulation, and route of administration. 

4.1. Molecular Competition Mechanisms 

Competitive exclusion is one of the earliest mechanisms through which probiotics 

suppress pathogen colonisation [68]. Probiotic bacteria adhere to keratinocytes and epithelial 

surfaces via surface adhesions, mucus-binding proteins (MUB), aggregation and promoting 

factors (APF), lipoteichoic acids, and exopolysaccharides (EPS) [69], thereby occupying 
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ecological niches which would otherwise be available to pathogens. This competition limits 

the attachment and proliferation of opportunistic microorganisms, including Staphylococcus 

aureus and pathogenic strains of Cutibacterium acnes [70].  

Beyond simple competition for nutrients and adhesion sites, probiotics regulate 

microbial ecology through quorum quenching, whereby they interfere with bacterial quorum-

sensing molecules such as autoinducing peptides (AIPs) and acyl-homoserine lactones 

(AHLs) [71]. Disruption of quorum sensing inhibits biofilm formation, virulence factor 

production, and toxin secretion by pathogenic microorganisms [72]. In addition, several 

probiotic strains reduce opportunities for horizontal gene transfer, including conjugation and 

transformation, by destabilising pathogenic biofilms and altering microbial community 

composition [73].  

An emerging area of interest is the role of the skin phageome, which comprises 

diverse bacteriophages that naturally inhabit the skin and predominantly infect commensal 

bacteria, such as Cutibacterium, Staphylococcus, and Corynebacterium species [74]. These 

phages contribute to microbial homeostasis by regulating bacterial population dynamics, 

facilitating strain-level diversity, and influencing the exchange of bacterial genetic material 

through transduction [75]. Although direct studies remain limited, probiotics may indirectly 

modulate phage-bacteria interactions by reshaping the composition and metabolic activity of 

the skin microbiota, thereby altering the abundance and activity of resident bacteriophages. 

Such interactions may further enhance microbial stability, suppress the overgrowth of 

opportunistic pathogens, and contribute to restoration of a healthy skin ecosystem [76]. 

However, the mechanisms underlying probiotic-phage-host interactions remain incompletely 

understood and warrant further investigation [76,77]. 

4.2. Antimicrobial Peptide Production and Regulation 

Probiotic microorganisms produce a broad spectrum of antimicrobial compounds that 

directly inhibit pathogen survival [68]. These include bacteriocins, bacteriocin-like inhibitory 

substances (BLIS), organic acids, hydrogen peroxide, biosurfactants, and antimicrobial 

peptides [78]. Bacteriocins permeabilise bacterial membranes or inhibit cell wall biosynthesis, 

whereas lactic and acetic acids lower local pH, creating an environment that suppresses the 

growth of S. aureus, C. acnes, and other opportunistic pathogens [79]. 

In addition to producing their own antimicrobial molecules, probiotics stimulate 

keratinocytes to express endogenous antimicrobial peptides, including human β-defensins 

(hBD-2 and hBD-3), cathelicidin (LL-37), and S100 proteins [80]. Upregulation of these 
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peptides enhances innate immune defence, restricts pathogen colonisation, and contributes to 

restoration of microbial homeostasis. Collectively, these mechanisms reduce microbial 

dysbiosis while preserving beneficial commensal microorganisms [81].   

4.3. Tight Junction and Ceramide Synthesis Pathways 

Management of epidermal barrier integrity is another key mechanism underlying 

probiotic function. Several probiotic strains regulate genes involved in tight junction 

assembly, including tight junction protein 1 (TJP1), occludin (OCLN), and claudin-1 

(CLDN1) [82], thereby reducing transepidermal water loss and strengthening the epidermal 

barrier [83]. Probiotics also promote keratinocyte differentiation by increasing the expression 

of structural proteins such as filaggrin (FLG) and involucrin, which are essential for 

maintaining stratum corneum integrity [84]. 

Furthermore, certain probiotic species stimulate epidermal lipid metabolism by 

enhancing ceramide biosynthesis through activation of sphingomyelinase and ceramide 

synthases [85]. For example, Streptococcus thermophilus has been shown to increase 

endogenous ceramide production, thereby restoring the lipid matrix, improving skin 

hydration, and reducing barrier dysfunction associated with inflammatory disorders such as 

atopic dermatitis [86]. 

4.4. TLR-mediated Immune Signalling 

Probiotics regulate cutaneous immunity through interactions with pattern recognition 

receptors (PRRs) expressed on keratinocytes, Langerhans cells, dendritic cells, macrophages, 

and other immune cells [43]. Cell wall components such as lipoteichoic acids, peptidoglycans, 

and lipoproteins are recognised primarily by TLR2, whereas lipopolysaccharides activate 

TLR4 [87]. Engagement of these receptors initiates intracellular signalling through the 

myeloid differentiation primary response 88 (MyD88)-dependent pathway, regulating 

downstream transcription factors including NFκB1 and mitogen-activated protein kinases 

(MAPKs, ERK, JNK, and p38 MAPK) [88]. 

Unlike pathogenic stimulation, probiotic-mediated activation of TLR signalling 

generally results in controlled immune responses characterised by reduced activation of NF-

κB and suppression of pro-inflammatory genes, including TNF, IL-1β, IL-6, and CXCL8 (IL-

8) [89]. Simultaneously, probiotics enhance the expression of anti-inflammatory mediators 

such as IL-10 and TGFB1, promoting differentiation of FoxP3+ regulatory T cells (Tregs) 

and maintaining immune tolerance [90]. This balanced modulation of innate and adaptive 
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immunity contributes to reduced inflammation and improved skin homeostasis, where 

immune dysregulation plays a central pathological role [91].  

4.5. Mechanistic Differences between Live Probiotics, Paraprobiotics, and Postbiotics 

Although live probiotics remain the most extensively investigated, increasing 

scientific work indicates that non-viable microbial preparations, often known as 

paraprobiotics/postbiotics, also possess important biological activities [92]. Live probiotics 

exert their effects through transient colonisation, metabolic activity, production of 

antimicrobial compounds, and continuous interaction with resident microbiota and host 

tissues [25]. In contrast, paraprobiotics (inactivated microbial cells) retain immunologically 

active structural components such as peptidoglycans, lipoteichoic acids, and surface proteins 

that activate PRRs despite the absence of viable cells [93]. Postbiotics, comprising microbial 

metabolites and secreted bioactive molecules, including short-chain fatty acids, bacteriocins, 

enzymes, extracellular vesicles, and exopolysaccharides, mediate many beneficial effects 

independently of living microorganisms [94]. Owing to their superior stability, safety, and ease 

of formulation, postbiotics have become increasingly attractive for topical dermatological 

products. 

4.6. Dose-response Relationships and Strain Specificity 

The molecular effects of probiotics are highly dependent on strain identity, viable cell 

concentration, exposure duration, and formulation characteristics. Individual strains differ 

substantially in adhesion capacity, antimicrobial peptide production, metabolite profiles, and 

immunomodulatory properties [95]. For example, Lacticaseibacillus rhamnosus GG enhances 

barrier integrity primarily by increasing the expression of TJP1, OCLN, and CLDN1 [96]. On 

the other hand, Lactiplantibacillus plantarum exhibits stronger antioxidant activity by 

suppressing reactive oxygen species (ROS) and inhibiting NF-κB signalling [97]. Similarly, 

Bifidobacterium lactis preferentially promotes regulatory immune responses and enhances 

epidermal hydration by producing SCFAs such as acetate and lactic acid [98]. 

Dose-dependent effects of probiotics have also been reported in dermatological 

applications [99,100]. Moderate probiotic concentrations may support optimal 

immunomodulatory and skin barrier responses, although increasing the dose does not 

necessarily produce a proportional increase in therapeutic benefits [101]. Importantly, while 

receptor desensitisation has been suggested as one possible explanation for attenuated 

responses to high microbial exposure in other biological systems [102], direct investigation of 

this mechanism in the skin remains limited. Therefore, probiotic dose should be optimised 
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according to the specific strain, formulation, route of administration, and treatment duration 

to maximise therapeutic efficacy while avoiding unnecessary increases in microbial load.  

5. Routes of Administration of Probiotics in Dermatology 

The therapeutic efficacy of probiotics in dermatology depends not only on strain 

selection but also on the route of administration, which determines microbial survival, host 

interactions, and mechanisms of action [36]. Current probiotic interventions are broadly 

classified into oral and topical delivery. Oral administration primarily modulates skin health 

indirectly through the gut-skin axis, whereas topical application delivers microorganisms or 

their bioactive components directly to the cutaneous microbiome. Both approaches present 

unique advantages and limitations, and their clinical utility depends on the target 

dermatological condition, formulation stability, and maintenance of probiotic viability 

[36,103,104]. Table 1 shows the major comparisons between oral and topical probiotics, 

particularly in dermatology. 

Table 1. Comparison of oral and topical probiotics for dermatological applications. 

Feature Oral Probiotics Topical Probiotics 

Primary target Gut microbiota Skin microbiota 

Mechanism Gut-skin axis, systemic immune modulation Direct microbiome modulation, barrier repair, and local 

immune regulation 

Main pathways SCFAs, Tregs, cytokine regulation TLR2/TLR4, AMPs, ceramide synthesis, NF-κB inhibition 

Advantages Whole-body immune effects; suitable for 

chronic inflammatory disorders 

Localised action; avoids gastrointestinal degradation; direct 

modulation of skin microbiota 

Limitations Gastric acid, bile salts, viability loss, 

variable colonisation 

Limited shelf-life for live probiotics; formulation stability; 

transient skin colonisation 

Clinical evidence 

grading basis 

Moderate quality (GRADE) 

(Supported by multiple double-blinded 

RCTs for acne and AD) 

Low to moderate quality (GRADE) 

(Supported by small-scale RCTs, pilot studies, and cell 

lysates/postbiotics) 

Suitable conditions Acne, atopic dermatitis, psoriasis, rosacea Acne, atopic dermatitis, wound healing, skin ageing 

Major challenge Survival through the gastrointestinal tract Preservation of viability on the skin and during storage 

Clinical evidence grading basis: The clinical evidence is rated using the grading of recommendations 

assessment, development and evaluation (GRADE) framework, where:  

(i) moderate quality – Further research is likely to have an important impact on confidence in the estimate of 

effect. Supported by multiple double-blinded, placebo-controlled randomised clinical trials (RCTs); 

(ii) low quality – Further research is very likely to have an important impact on confidence in the estimate of 

effect. Supported primarily by small-scale RCTs, open-label trials, or studies utilising bacterial 

lysates/postbiotics rather than live strains. 
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5.1. Oral Administration 

Oral probiotics exert their effects principally through modulation of the intestinal 

microbiota and the gut-skin axis [105]. By restoring intestinal microbial balance, strengthening 

gut barrier integrity, and reducing systemic inflammation, orally administered probiotics 

indirectly influence cutaneous immune responses and skin barrier function [106]. Clinical 

studies have demonstrated beneficial effects of oral probiotic supplementation in 

inflammatory skin disorders, particularly acne vulgaris and atopic dermatitis [107], where 

reductions in disease severity have been associated with decreased circulating pro-

inflammatory cytokines and improved immune regulation [103,108]. 

Oral formulations are available as powders, tablets, capsules, liquids, and fermented 

foods [109]. Although advances in delivery technologies have improved probiotic survival 

during gastrointestinal transit [110–112], upholding bacterial viability remains a major challenge 

because exposure to gastric acid, bile salts, oxygen, moisture, and temperature fluctuations 

can substantially reduce viable cell numbers before intestinal colonisation occurs [113]. 

Therefore, the clinical efficacy of oral probiotics depends not only on the selected strain but 

also on adequate viable counts at the time of administration and throughout the product shelf 

life. 

Despite encouraging clinical findings, considerable variability exists among 

published studies owing to differences in probiotic strains, dosages, treatment duration, and 

formulation characteristics [114,115]. Furthermore, many commercially available probiotic 

products provide limited data regarding strain variability at the point of consumption, making 

direct comparison between studies more difficult [116].  

5.2. Topical Administration 

Topical probiotic formulations are designed to modulate the skin microbiome directly 

by restoring microbial balance, suppressing pathogenic microorganisms, reinforcing 

epidermal barrier function, and regulating local immune responses [59]. Unlike oral 

administration, topical delivery enables direct interaction between probiotics and resident 

skin microorganisms, keratinocytes, and immune cells, thereby facilitating local modulation 

of microbial ecology and inflammatory signalling pathways [117]. 

Current topical formulations include creams, lotions, gels, serums, sprays, and masks 

containing live probiotics, paraprobiotics, bacterial lysates, or postbiotics [118]. Increasing 

research suggests that non-viable preparations may offer comparable biological activity 

while overcoming numerous stability challenges associated with live microorganisms [119,120]. 
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Postbiotics and bacterial lysates retain immunomodulatory and antimicrobial properties 

despite the absence of viable cells, making them particularly attractive for dermatological 

formulations requiring prolonged storage and consistent product quality [121]. 

Clinical studies supporting topical probiotics are growing, particularly for acne 

vulgaris and atopic dermatitis [122,123]. Several studies have reported reductions in 

Staphylococcus aureus colonisation, decreased inflammatory lesions, and improved 

epidermal barrier function following topical probiotic treatment [124,125]. However, many 

investigations remain limited by small sample sizes, heterogeneous study designs, and short 

follow-up periods. Thus, additional well-designed clinical trials are required before 

widespread clinical recommendations can be established. 

5.3. Challenges and Future Perspectives 

A critical challenge affecting both oral and topical probiotic formulations is the 

preservation of microbial viability throughout manufacturing, storage, distribution, and 

administration [126]. Exposure to gastric acid and bile salts following oral administration, as 

well as oxygen, moisture, ultraviolet radiation, temperature fluctuations, and formulation 

excipients during processing and storage, can substantially reduce the number of viable 

microorganisms before they reach their intended site of action. Importantly, many 

commercially available probiotic products report viable cell counts only at the time of 

manufacture rather than guaranteed potency at the end of shelf life, which is an issue 

compounded by regulatory frameworks that often lack stringent requirements for end-of-

shelf-life viability testing [127,128]. Furthermore, independent market analyses and product-

testing studies have confirmed that numerous commercial formulations fail to meet their 

stated viable counts near or at expiry [129,130]. Consequently, the actual dose of viable 

microorganisms delivered to consumers may differ considerably from the labelled content 

[131], potentially contributing to inconsistent therapeutic outcomes and variability among 

clinical studies. Furthermore, the absence of standardised methods for assessing probiotic 

viability complicates comparisons across products and limits reproducibility. Addressing 

these gaps requires harmonised quality-control standards, standardised viability testing, and 

stricter regulatory mandates for end-of-shelf-life reporting. 

Another important consideration is that probiotic efficacy is highly strain-specific and 

dose-dependent [116]. Differences in microbial adhesion, metabolite production, 

immunomodulatory activity, and environmental tolerance contribute to substantial variability 

among clinical studies. Therefore, future research should prioritise the standardisation of 

probiotic formulations, strain identification, viability assessment throughout shelf life, and 
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clinical trial methodology to facilitate comparison between studies and support 

dermatological applications. 

6. Probiotic Strains in Dermatology: Strain-Specific Properties and Clinical Evidence 

The therapeutic potential of probiotics in dermatology is increasingly recognised due 

to their ability to influence skin homeostasis through multiple mechanisms, including 

modulation of immune responses, enhancement of epithelial barrier integrity, regulation of 

microbial balance, and attenuation of inflammatory pathways [105]. However, probiotic 

activity is highly dependent on strain-specific characteristics, and the beneficial effects 

observed for one strain cannot be directly extrapolated to other strains within the same species 

or genus. Differences in genomic composition, adhesion capacity, metabolite production, 

antimicrobial activity, and interaction with host immune pathways contribute to variations in 

biological efficacy. Therefore, understanding the strain-specific properties of probiotics is 

essential for evaluating their potential applications in dermatological conditions. Table 2 

summarises the key probiotic strains in dermatological applications. 

Table 2. Summary of key probiotic strains in dermatology. 

Probiotic strain Evidence level Major molecular 

effectors 

Proposed 

mechanism 

Main dermatological 

indications 

Ref 

Lactobacillus acidophilus 
RCTs, clinical 

studies, in vitro 

Lactic acid, 

bacteriocins 

↓ TNF-α, ↑ IL-10, 

barrier repair 

Acne vulgaris, atopic 

dermatitis, skin ageing 

[132–134] 

Lacticaseibacillus rhamnosus 

GG 

Multiple RCTs, 

in vivo 

p40, p75 proteins ↑ TJP1, ↑ OCLN, ↓ 

NF-κB 

Atopic dermatitis, 

eczema 

[135,136] 

Lactiplantibacillus plantarum RCTs, in vitro Plantaricins ↓ ROS, ↑ ceramide 

synthesis 

Acne, wound healing [137,138] 

Limosilactobacillus 

fermentum 

In vivo, in vitro Fermenticin, SCFAs Antioxidant, 

immune modulation 

Photoaging, eczema [139,140] 

Bifidobacterium infantis RCTs, clinical 

studies 

SCFAs ↑ IL-10, ↑ filaggrin Psoriasis, atopic 

dermatitis 

[141,142] 

Bifidobacterium longum RCTs Acetate ↓ skin sensitivity Sensitive skin, eczema [143,144] 

Saccharomyces boulardii RCTs Secreted proteases Anti-inflammatory Dermatitis [145,146] 

Bacillus coagulans RCTs, clinical 

studies 

Lactic acid, 

bacteriocins 

Gut-skin 

modulation 

Acne [147,148] 

Enterococcus faecium RCTs, 

clinical studies 

Enterocins Competitive 

exclusion 

Acne [149] 

Akkermansia muciniphila In vivo Amuc_1100 proteins 

 

Barrier integrity Emerging [150] 

Faecalibacterium prausnitzii 

 

In vivo Butyrate, MAM 

proteins 

↓ NF-κB Emerging [151] 
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Abbreviations & terminology – RCTs: Randomised controlled trials; SCFAs: Short-chain fatty acids; TJP1: 

Tight junction protein 1; OCLN: Occludin; MAM: Microbial anti-inflammatory molecule; ROS: Reactive 

oxygen species. 

Evidence level definitions – (i) Randomised controlled trials (RCTs): Human clinical trials utilising 

randomised, controlled (placebo or active comparator) designs (including double-blinded or single-blinded 

protocols); (ii) Clinical studies: Human clinical evaluations that are not double-blinded RCTs, including open-

label trials, non-randomised prospective cohort studies, or single-arm pilot intervention trials; (iii) In vivo: 

Preclinical experimental studies conducted within intact living organisms (e.g., animal models of dermatitis or 

skin ageing); and (iv) In vitro: Preclinical experimental studies conducted using isolated cellular cultures, tissue 

constructs, or cell-free assays outside a living organism. The evidence levels indicate the types of experimental 

or clinical study designs reported in the literature and do not constitute a formal methodological quality grading.   

6.1. Strain-specific determinants of probiotic efficacy 

Several functional characteristics, including survival capacity, colonisation ability, 

production of bioactive metabolites, and immunomodulatory effects, influence the 

effectiveness of probiotics in skin health. Probiotic strains with strong epithelial adhesion 

properties may improve microbial interactions with the host and contribute to the restoration 

of microbial balance [62]. In addition, the production of organic acids, bacteriocins, and other 

antimicrobial compounds may inhibit the growth of pathogenic microorganisms associated 

with skin dysbiosis [79]. Many probiotic strains also exhibit anti-inflammatory and antioxidant 

properties by regulating cytokine production, suppressing excessive immune activation, and 

reducing oxidative stress [152]. Through the gut-skin axis, probiotics may further influence 

dermatological health by modulating the composition of the intestinal microbiota and 

systemic immune responses. 

6.1.1. Lactobacillus species 

Lactobacillus species are the most extensively studied group of probiotics due to their 

established safety profile and diverse biological functions [36]. Their potential dermatological 

benefits have been associated with the maintenance of microbial equilibrium, the regulation 

of inflammation, the enhancement of barrier function, and the modulation of host immunity 

[15]. However, the therapeutic profile of individual Lactobacillus strains is heavily dictated 

by distinct and strain-specific molecular effectors, including unique bacteriocin classes, 

surface proteins, and secreted enzymes. 

 One of the most notable strains is Lactobacillus acidophilus (L. acidophilus), a 

Gram-positive lactic acid bacterium that naturally inhabits the human gastrointestinal tract, 

oral cavity, and vaginal microbiota. L. acidophilus produces specific Class II non-

lanthionine-containing bacteriocins (such as Acidocin A, B, and LF221) alongside surface-
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layer proteins (SlpA) [153,154]. Acidocins act predominantly by inducing pore formation and 

dissipation of the proton motive force in membrane-targeted pathogens. In contrast, 

Lactobacillus plantarum secretes a structurally distinct arsenal of two-peptide Class IIb 

plantaricins (e.g., Plantaricin EF and JK) and the peptide signal Plantaricin A, which disrupt 

target cell membranes via cooperative dual-peptide insertion [155]. Furthermore, L. plantarum 

produces broad-spectrum non-peptide metabolites such as phenyllactic acid (PLA), giving it 

enhanced antifungal and broad antimicrobial activity compared to the narrower activity 

spectrum of L. acidophilus [156]. At the skin interface, while L. acidophilus relies significantly 

on SlpA-mediated TLR2 binding to regulate inflammatory responses [157], L. plantarum 

leverages high-molecular-weight exopolysaccharides (EPS) to quench reactive oxygen 

species (ROS) and accelerate cutaneous wound healing [158]. 

 Lacticaseibacillus rhamnosus GG (LGG) further illustrates these effector-level 

distinctions. Unlike L. acidophilus or L. plantarum, which primarily execute antimicrobial 

action via bacteriocin secretion, LGG’s mucosal and cutaneous activities are largely driven 

by specialised SpaCBA pili adhesins and secreted functional proteins, notably p40 and p75 

[159]. These soluble endopeptidases directly transactivate the epidermal growth factor receptor 

(EGFR) and inhibit p38 MAPK-mediated apoptosis, preserving epithelial junctional integrity 

independently of bacteriocin-mediated lysis [160]. 

Similarly, Lactobacillus fermentum relies on specialised antioxidant enzymes (e.g., 

manganese superoxide dismutase) and short-chain fatty acids (SCFAs) to neutralise oxidative 

stress and suppress pro-inflammatory cytokines, complementing the membrane-active 

mechanisms of other lactobacilli [161]. Optimising probiotic therapy thus requires selecting 

strains based on these explicit molecular signatures rather than broad species-level 

assumptions. 

6.1.2. Bifidobacterium species 

Bifidobacterium species are important members of the human microbiota and have 

received increasing attention due to their role in immune regulation and maintenance of 

intestinal homeostasis [42]. Through the gut-skin axis, Bifidobacterium strains, including 

Bifidobacterium infantis and Bifidobacterium longum, may influence dermatological 

outcomes by regulating systemic inflammation, improving barrier function, and modulating 

immune tolerance [26,162,163].  

Among these species, Bifidobacterium infantis has attracted considerable attention 

due to its potent immunoregulatory properties, particularly through modulation of 
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inflammatory responses and promotion of immune balance [141]. Its ability to reduce 

excessive immune activation may be beneficial in inflammatory skin conditions where 

immune dysregulation plays a central role [164]. Furthermore, its contribution to microbiome 

stability may indirectly support skin health. For instance, oral supplementation with 

Bifidobacterium infantis has been shown to reduce systemic inflammation, as indicated by 

decreased levels of C-reactive protein (CRP) and increased production of anti-inflammatory 

cytokines such as interleukin-10 (IL-10) [162].  

Bifidobacterium longum (B. longum) is another clinically relevant strain with 

emerging evidence in dermatological applications [165]. It has been investigated for its ability 

to improve skin sensitivity, regulate inflammatory responses, and enhance barrier-related 

functions [166]. The beneficial effects of B. longum are linked to its capacity to influence 

immune pathways, reduce oxidative stress, and maintain microbial equilibrium, highlighting 

its potential role in managing skin conditions associated with inflammation and barrier 

dysfunction [167]. 

6.2. Other Clinically Relevant Probiotics 

Beyond Lactobacillus and Bifidobacterium, several other probiotic microorganisms 

have demonstrated potential relevance in dermatology. Saccharomyces boulardii, a probiotic 

yeast, differs from bacterial probiotics but has gained recognition due to its ability to 

modulate intestinal microbiota and immune responses [146]. Although direct clinical data in 

dermatological applications remains limited, its influence on gut microbial balance and 

inflammatory regulation suggests potential relevance through the gut-skin axis. 

Bacillus coagulans is another promising probiotic due to its spore-forming ability, 

which provides enhanced stability and survival under environmental stress [168]. Its potential 

benefits are associated with immune modulation, antioxidant activity, and regulation of 

microbial communities [148]. These characteristics make B. coagulans an attractive candidate 

for functional formulations targeting systemic and skin health. 

Enterococcus faecium has been explored as a probiotic due to its antimicrobial 

properties and ability to influence microbial communities [149]. However, its application 

requires careful consideration because certain strains may pose safety concerns, including 

antimicrobial resistance [169]. Therefore, strain selection and comprehensive safety evaluation 

remain essential before clinical application.  
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6.3. Next-Generation Probiotics 

The emergence of next-generation probiotics marks a shift towards the utilisation of 

beneficial commensal microorganisms that naturally inhabit the human microbiome [170]. 

These organisms offer new opportunities for targeted microbiome-based interventions due to 

their specialised biological functions. The next-generation probiotics, such as Akkermansia 

muciniphila and Faecalibacterium prausnitzii [171], are discussed as follows.  

Akkermansia muciniphila (A. muciniphila) is a promising next-generation probiotic 

that contributes to intestinal barrier maintenance through the regulation of mucin metabolism 

and epithelial integrity [172]. By suppressing gut permeability and lipopolysaccharide (LPS) 

translocation, A. muciniphila exerts well-documented systemic anti-inflammatory and 

metabolic regulatory effects that may indirectly influence skin homeostasis through the gut-

skin axis (e.g., attenuation of gut permeability and endotoxemia) [173,174]. However, while its 

oral administration shows potential for modulating systemic inflammatory skin disorders, 

direct dermatological or topical applications of A. muciniphila remain highly speculative and 

currently lack robust experimental or clinical validation, largely owing to its strict anaerobic 

nature, as well as formulation hurdles [175].  

Faecalibacterium prausnitzii (F. prausnitzii) is another emerging probiotic candidate 

recognised as a major butyrate-producing bacterium with potent anti-inflammatory properties 

[176]. Through the production of short-chain fatty acids and the regulation of immune 

responses, F. prausnitzii may contribute to the restoration of microbial balance and 

suppression of inflammatory pathways [151]. Although clinical studies in dermatology remain 

limited, its role in maintaining intestinal and immune homeostasis highlights its potential for 

future microbiome-based dermatological therapies. 

In short, probiotic research in dermatology has progressed from the general 

classification of probiotic organisms towards a more precise understanding of strain-specific 

functions. Future developments should focus on identifying clinically validated strains, 

elucidating mechanisms of action, and establishing scientifically validated applications of 

probiotic interventions in skin health and disease management.  

7. Benefits & Clinical Efficacy of Probiotics in Dermatology 

The skin is not merely a passive physical barrier, but a dynamic ecosystem inhabited 

by a diverse community of microorganisms collectively known as the skin microbiome [31]. 

This complex microbial environment plays a vital role in maintaining skin homeostasis, 
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regulating immune responses, and protecting against pathogenic invasion. Disruptions in 

microbial balance have been linked to various dermatological disorders, including acne 

vulgaris, atopic dermatitis (eczema), and premature skin ageing [10]. As understanding of the 

skin microbiome continues to expand, probiotics have emerged as promising therapeutic 

agents for promoting skin health and managing dermatological conditions. Table 3 shows 

several clinical studies associated with the efficacy of probiotics, particularly in 

dermatological applications. 

Table 3. Clinical studies on the efficacy of probiotics in dermatological disorders. 

Study Design 
Sample 

size (N) 
Probiotic strain Route Duration 

Main 

outcome 

Main findings 

(Effect size) 

Major 

limitations 
Ref 

Acne 

vulgaris 
RCT 45 

Lactobacillus 

acidophilus, 

Lactobacillus 

delbrueckii bulgaricus & 

Bifidobacterium bifidum 

Oral 12 weeks 

Acne 

lesion 

count 

Inflammatory 

lesions ↓ 67% 

versus baseline (p 

˂ 0.01) 

Small sample 

size; single-

centre study 

[177] 

Acne 

vulgaris 

Double-

blind 

RCT 

20 
Lactobacillus rhamnosus 

SP1 
Oral 12 weeks 

Lesion 

count 

Non-inflammatory 

lesions ↓ 32% (p < 

0.001) 

Young adults 

only 
[178] 

Acne 

vulgaris 

Double-

blind 

RCT 

30 
Lactobacillus plantarum 

CJLP55 
Oral 12 weeks 

Acne 

severity; 

skin 

hydration 

Acne grade ↓ 

29.33% (p = 0.03); 

skin hydration ↑ 

14.52% (p = 

0.003) 

Small sample 

size 
[138] 

Acne 

vulgaris 

Double-

blind 

RCT 

70 
Enterococcus faecalis 

SL-5 
Topical 8 weeks 

Pustule 

count 

Inflammatory 

lesion (pustule) 

count ↓ > 60% 

versus placebo (p 

˂ 0.05) 

Limited follow-

up 
[179] 

Acne 

vulgaris 
RCT 104 

Lactobacillus paracasei 

MSMC 39-1 
Topical 4 weeks 

Acne 

lesion 

counts & 

erythema 

index 

Inflammatory acne 

lesion counts & 

erythema index 

significantly ↓ (p ˂ 

0.001) 

Short 

intervention 

period 

[180] 

Atopic 

dermatitis 

Double-

blind 

RCT 

22 
Lactobacillus plantarum 

IS-10506 
Oral 12 weeks SCORAD 

SCORAD score of 

probiotic group 

(18.53 ± 14.2) 

significantly ↓ 

than placebo 

(22.04 ± 8.8) (p = 

0.044) 

Single-country 

study 
[181] 

Atopic 

dermatitis 

Double-

blind 

RCT 

50 

Bifidobacterium lactis 

CECT 8145, 

Bifidobacterium longum 

CECT 7347, and 

Lactobacillus casei 

CECT 9104 

Oral 12 weeks SCORAD 

SCORAD score ↓ 

8.3 points versus 

placebo (MD = -

2.4, p < 0.001) 

Heterogeneous 

disease severity 
[182] 

Atopic 

dermatitis 

Double-

blind 

RCT 

75 
Vitreoscilla filiformis 

lysate 
Topical 30 days SCORAD 

SCORAD score of 

probiotic group 

(15.1) 

significantly ↓   

than placebo 

(24.9) (p = 0.004) 

Short 

intervention 

period 

[183] 
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Study Design 
Sample 

size (N) 
Probiotic strain Route Duration 

Main 

outcome 

Main findings 

(Effect size) 

Major 

limitations 
Ref 

Skin 

ageing 

Double-

blind 

RCT 

110 
Lactobacillus plantarum 

HY7714 
Oral 12 weeks 

Skin 

elasticity 

Hydration ↑ 

21.73%; versus 

placebo (p ˂ 0.01) 

Healthy women 

only 
[184] 

Sensitive 

skin 

Double-

blind 

RCT 

66 
Bifidobacterium longum 

lysate 
Topical 2 months 

Skin 

sensitivity 

Skin sensitivity ↓ 

significantly (p = 

0.0024), with 

TEWL ≥ 15 

g/cm2/h 

Female 

volunteers only 

 

[99] 

RCT: Randomised controlled trial; SCORAD: Scoring atopic dermatitis; ICF-1: Insulin-like growth factor 1; 

TEWL: Transepidermal water loss; MD: Mean difference; ↓: Statistically significant decrease; ↑: Statistically 

significant increase 

*Sample size (N): Values represent the total number of evaluable/randomised human participants enrolled in 

the study (analysed across active treatment and placebo/control groups).  

7.1. Acne Vulgaris 

Acne vulgaris is among the most extensively investigated dermatological conditions 

for probiotic therapy owing to the recognised involvement of microbial dysbiosis, 

particularly the overgrowth of Cutibacterium acnes, together with excessive sebum 

production and chronic inflammation [185]. Both oral and topical probiotics have 

demonstrated the capacity to reduce inflammatory lesions by suppressing pathogenic 

microorganisms, enhancing skin barrier function, and modulating innate immune responses 

[30,36,186]. Several randomised controlled trials have reported significant improvements in 

lesion counts following supplementation with Lacticaseibacillus rhamnosus, 

Lactiplantibacillus plantarum, and combinations of L. acidophilus, L. bulgaricus, and 

Bifidobacterium bifidum [138,186,187]. However, reported treatment effects vary considerably 

among studies attributed to the differences in probiotic strains, viable cell concentrations, 

treatment duration, concurrent therapies, and outcome measures. Although reductions in 

inflammatory lesion counts ranging from approximately 20–70% have been reported [188,189], 

these findings should be interpreted cautiously because many studies involve relatively small 

sample sizes, short intervention periods, or lack long-term follow-up. Consequently, larger 

multicentre randomised controlled trials are required to establish optimal probiotic regimens 

and confirm sustained clinical efficacy.   

7.2. Atopic Dermatitis (Eczema) 

Among inflammatory skin disorders, atopic dermatitis possesses the strongest clinical 

data supporting probiotic intervention [190], particularly during early childhood. Multiple 

randomised controlled trials and meta-analyses have demonstrated reductions in scoring 

atopic dermatitis (SCORAD) scores following supplementation with strains such as 
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Lacticaseibacillus rhamnosus GG, Lactiplantibacillus plantarum, and Bifidobacterium 

species [135,191,192]. These improvements are thought to result from the restoration of microbial 

diversity, reduced Staphylococcus aureus colonisation, enhancement of epidermal barrier 

function, and increased regulatory T-cell activity [91]. However, clinical outcomes remain 

inconsistent. Several trials have failed to demonstrate significant improvements, particularly 

in adults, and treatment efficacy appears to depend on patient age, disease severity, probiotic 

strain, and duration of supplementation [67,193]. Therefore, although probiotics are promising 

adjunctive therapy, current clinical studies have yet to support universal recommendations 

for all patients with atopic dermatitis.  

7.3. Skin Ageing 

Increasing scientific studies suggest that probiotics may attenuate cutaneous ageing 

through multiple molecular pathways associated with oxidative stress, chronic inflammation, 

and extracellular matrix degradation [105,194]. Ultraviolet (UV) radiation stimulates reactive 

oxygen species (ROS) production, activating MAPK and NF-κB signalling pathways that 

subsequently increase the expression of matrix metalloproteinases (MMP-1 (collagenase), 

MMP-3 (stromelysin), and MMP-9 (gelatinase)) [195]. These enzymes degrade collagen and 

elastin fibres, resulting in the formation of wrinkles and loss of skin elasticity [36]. Several 

probiotic strains, including Lactiplantibacillus plantarum and Bifidobacterium longum, have 

demonstrated the ability to suppress ROS accumulation, reduce MMP expression, enhance 

antioxidant enzyme activity (i.e. superoxide dismutase and catalase), and activate the nuclear 

factor erythroid 2-related factor 2 (NRF2) antioxidant pathway [196–198]. Additional studies 

have reported increased collagen synthesis, improved epidermal hydration, and enhanced 

barrier function following probiotic supplementation [199,200]. However, clinical work remains 

limited compared with acne vulgaris and atopic dermatitis, with most studies involving 

relatively small cohorts and short treatment durations.  

7.4. Critical Appraisal of Current Clinical Work 

Although numerous studies have reported beneficial effects of probiotics in 

dermatology, interpretation of the available data should be undertaken cautiously. 

Considerable heterogeneity exists among published work with respect to probiotic strain 

selection, viable cell concentration, formulation, treatment duration, patient characteristics, 

disease severity, and clinical outcome measures. These differences complicate direct 

comparisons between studies and limit the ability to establish standardised treatment 

recommendations. 
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Publication bias is also an important consideration because studies reporting positive 

outcomes are generally more likely to be published than studies demonstrating neutral or 

negative findings. This bias can inflate pooled effect sizes in literature syntheses and mask 

true clinical variability. Indeed, while several rigorous randomised controlled trials 

evaluating Lactobacillus and Bifidobacterium strains have demonstrated no statistically 

significant superiority over placebo in reducing SCORAD scores or preventing eczema flare-

ups [193,201], selective reporting and the under-reporting of such non-significant results remain 

widespread. To rigorously identify and account for publication bias in future synthesis, 

systematic reviews should routinely employ quantitative diagnostic tools, including funnel 

plot asymmetry assessments, Egger’s linear regression test, and Duval and Tweedie”s trim-

and-fill method to estimate bias-adjusted effect sizes [202–204]. Furthermore, many existing 

studies involve relatively small sample sizes and limited follow-up, making long-term 

efficacy and safety difficult to assess. Future multicentre randomised controlled trials using 

standardised probiotic strains, dosage regimens, and validated clinical outcome measures are 

thus essential to strengthen the evidence base. 

7.5. Dose-Response Relationships and Treatment Duration 

Probiotic efficacy appears to be influenced by both the administered dose and the 

duration of treatment. Most clinical studies have employed daily doses ranging from 

approximately 108 to 1011 colony-forming units (CFUs), although the optimal therapeutic 

dose has not yet been established [186,205]. Clinical improvements are generally observed after 

8–12 weeks of continuous supplementation, whereas shorter treatment periods often produce 

limited effects [206]. Moreover, increasing probiotic dosage does not necessarily result in 

greater clinical benefit because therapeutic responses are highly strain-specific and depend 

on microbial viability, host microbiome composition, and disease characteristics [207]. Future 

dose-finding clinical trials are required to define minimum effective doses and optimal 

treatment duration for individual dermatological conditions. 

8. Complementary and Integrative Approaches: Probiotics in Modern Dermatological 

Therapy 

Although conventional pharmacological therapies remain the cornerstone of 

dermatological management, increasing scientific studies suggest that probiotics may serve 

as valuable complementary interventions rather than direct therapeutic substitutes [208]. 

Unlike antibiotics, corticosteroids, or retinoids, which primarily target specific pathological 

processes, probiotics act by restoring microbial homeostasis, strengthening the epidermal 

barrier, and modulating host immune responses [209]. These distinct mechanisms provide 
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opportunities for integration with conventional therapies to improve treatment outcomes 

while potentially reducing treatment-related adverse effects. 

8.1. Probiotics as Adjunctive Therapy 

For acne vulgaris, topical and systemic antibiotics remain highly effective in rapidly 

reducing Cutibacterium acnes proliferation and inflammation. However, prolonged 

antibiotic therapy may disrupt commensal microbial communities and contribute to 

antimicrobial resistance. Probiotics offer a complementary microbiome-centred approach by 

suppressing pathogenic microorganisms through competitive exclusion, bacteriocin 

production, and immune modulation while preserving microbial diversity [30]. Consequently, 

probiotics are increasingly investigated as adjuncts to antibiotic therapy rather than 

replacements, particularly for reducing recurrence and supporting restoration of microbial 

balance following antimicrobial treatment [180]. 

Similarly, topical corticosteroids remain the first-line treatment for inflammatory 

disorders such as atopic dermatitis because of their rapid anti-inflammatory activity. 

However, long-term corticosteroid use may result in skin atrophy, impaired barrier function, 

and local adverse effects. Probiotic supplementation may complement corticosteroid therapy 

by enhancing epidermal barrier integrity, promoting regulatory T-cell responses, increasing 

expression of barrier-associated proteins, and reducing Staphylococcus aureus colonisation 

[193]. Such complementary mechanisms may facilitate maintenance therapy and potentially 

reduce corticosteroid requirements in selected patients, although robust clinical studies 

remain limited [182]. 

Retinoids continue to be the gold standard for photoageing and acne owing to their 

ability to regulate keratinocyte differentiation and stimulate collagen synthesis. In contrast, 

probiotics exert anti-ageing effects primarily by reducing oxidative stress, suppressing matrix 

metalloproteinase (MMP) expression, enhancing skin hydration, and improving barrier 

function [197,198]. Although these mechanisms do not replace the pharmacological potency of 

retinoids, probiotic formulations may improve treatment tolerability and reduce irritation 

when incorporated into comprehensive skincare regimens [83].  

8.2. Combination and Sequential Therapeutic Strategies 

The complementary mechanisms of probiotics have generated increasing interest in 

combination therapies. Several clinical studies suggest that concurrent administration of oral 

probiotics with systemic antibiotics may reduce gastrointestinal dysbiosis while supporting 

restoration of beneficial microbial communities [210,211]. In acne management, probiotics 
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administered alongside antibiotics have been associated with improved lesion reduction, 

decreased treatment-related gastrointestinal adverse effects, and enhanced patient adherence 

compared with antibiotic therapy alone [177]. 

Sequential treatment strategies have also been proposed. Administration of probiotics 

following completion of antibiotic therapy may facilitate recolonisation of beneficial 

microorganisms, restore microbial diversity, and reduce the likelihood of recurrent dysbiosis 

[212]. Similarly, combining probiotics with topical retinoids or corticosteroids may improve 

epidermal barrier recovery and alleviate treatment-induced irritation without compromising 

therapeutic efficacy [213]. Although these integrative approaches are biologically plausible 

and supported by preliminary clinical studies, larger randomised controlled trials are required 

to determine optimal treatment sequencing, duration, and probiotic strain selection. 

8.3. Safety, Accessibility, and Regulatory Considerations 

Overall, probiotics demonstrate favourable safety profiles and are generally well 

tolerated in healthy individuals, with mild gastrointestinal discomfort indicating the most 

frequently reported adverse event following oral administration. Topical formulations 

similarly exhibit low incidences of irritation and allergic reactions compared with many 

conventional dermatological therapies. However, the administration of live probiotics 

requires careful consideration in immunocompromised individuals, critically ill patients, or 

those with implanted medical devices, as rare cases of opportunistic bacteraemia and 

fungaemia have been reported [214]. Equally critical is the requirement for rigorous, strain-

level safety evaluations, where safety profiles cannot be generalised across a species as 

individual strains may harbour strain-specific virulence factors or antimicrobial resistance 

(AMR) genes capable of horizontal gene transfer [215,216]. In vulnerable populations or when 

safety risks are present, non-viable alternatives such as paraprobiotics and postbiotics may 

provide safer therapeutic options while retaining many beneficial biological activities [217]. 

From an economic perspective, probiotics may reduce long-term dependence on anti-

inflammatory medications and antibiotics, potentially lowering healthcare costs associated 

with chronic dermatological diseases. However, product accessibility and affordability vary 

considerably among regions, and many commercially available formulations lack 

independent verification of strain identity, viability, and clinical efficacy. Furthermore, 

regulatory requirements differ substantially between countries, with probiotic products 

frequently marketed as foods, dietary supplements, cosmetics, or therapeutic agents under 

distinct regulatory frameworks [218]. Harmonisation of quality standards, strain identification, 
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viability assessment, genomic screening for resistance genes, and clinical data requirements 

will therefore be essential to support wider clinical implementation. 

Taken together, current literature indicates that probiotics should be regarded as 

complementary components of integrated dermatological management rather than direct 

replacements for established pharmacological therapies. Their greatest clinical value is likely 

to be achieved through personalised treatment strategies that combine microbiome 

modulation with conventional interventions according to disease severity, patient 

characteristics, and therapeutic objectives. Table 4 outlines the comparison of probiotics and 

conventional dermatological therapies in terms of mechanisms of action, clinical 

applications, safety, and evidence level [36,189,219]. 

Table 4. Comparison of probiotics and conventional therapeutic approaches in dermatology. 

Parameter Probiotics Antibiotics Corticosteroids Retinoids 

Primary 

mechanism 

Microbiome modulation, immune 

regulation, barrier repair 

Antibacterial Anti-inflammatory Keratinocyte 

differentiation synthesis 

Onset of action Variable (slow to moderate; days 

to weeks) 

 

Rapid (hours to days) Rapid (hours to days) Moderate to slow 

(weeks to months) 

Best indication Adjunctive therapy Acute bacterial acne Acute inflammatory 

dermatoses 

Acne, photoageing 

Common adverse 

effects 

Mild gastrointestinal symptoms 

(oral); occasional local irritation 

(topical) 

 

Antimicrobial 

resistance, 

gastrointestinal 

disturbance 

Skin atrophy, 

hypothalamic-pituitary-

adrenal axis suppression 

with prolonged use 

Irritation, erythema, 

photosensitivity 

Suitability for 

long-term use 

Generally favourable (strain-

dependent) 

 

Limited by 

antimicrobial 

resistance 

Limited by cumulative 

adverse effects 

Requires monitoring for 

tolerability 

Evidence level Moderate; strain-specific 

 

High High High 

Regulatory status Foods, dietary supplements, 

cosmetics, or therapeutics, 

depending on jurisdiction 

 

Prescription medicines Prescription medicines Prescription and over-

the-counter 

formulations, depending 

on concentration 

Approximate 

relative cost 

Low to moderate Moderate Low to moderate Moderate 

 

(i) Onset of action: The therapeutic onset of probiotics varies considerably by administration route, formulation 

type, and clinical endpoint. Fast-acting topical formulations (such as cell lysates or postbiotics targeting skin 

barrier hydration) can demonstrate local physiological effects within days, whereas oral live probiotics targeting 
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systemic immune modulation or gut-skin axis remodelling typically require several weeks (4-12 weeks) of 

continuous administration to manifest meaningful clinical responses. 

(ii) Approximate relative cost: Costs are approximate and vary substantially across geographic regions, 

jurisdictions, and product classifications (e.g., over-the-counter dietary supplements/cosmetics versus 

prescription-grade pharmaceuticals). High-potency topical retinoids and specialised medical-grade or multi-

strain probiotic formulations may incur significantly higher out-of-pocket costs in certain markets.  

9. Challenges, Emerging Technologies, and Future Perspectives  

Despite the growing body of research supporting probiotics in dermatology, several 

scientific, technological, regulatory, and translational challenges remain before microbiome-

based interventions can be routinely incorporated into clinical practice. Addressing these 

limitations will require multidisciplinary collaboration among microbiologists, 

dermatologists, formulation scientists, bioinformaticians, and regulatory agencies to ensure 

that probiotic products are safe, effective, reproducible, and clinically validated. 

9.1. Strain Identification and Characterisation Standards 

One of the major challenges in probiotic research is the lack of standardised 

approaches for strain identification and functional characterisation. Since probiotic activity 

is highly strain-specific, taxonomic identification at the species level alone is insufficient to 

predict therapeutic efficacy [36]. Whole-genome sequencing, multilocus sequence typing 

(MLST), comparative genomics, and metabolomic profiling are increasingly employed to 

characterise probiotic strains, identify functional genes, and ensure batch-to-batch 

consistency [220]. Future studies should integrate genomic, transcriptomic, proteomic, and 

metabolomic analyses to establish molecular signatures associated with specific 

dermatological benefits and facilitate the development of standardised probiotic reference 

strains [189].  

9.2. Advanced Molecular Tools for Microbiome Engineering 

Rapid advances in synthetic biology have opened new opportunities for engineering 

probiotics with enhanced therapeutic functions. Genetically modified probiotic strains can be 

designed to secrete anti-inflammatory cytokines, antimicrobial peptides, antioxidants, or 

growth factors directly at the site of inflammation, thereby improving therapeutic specificity 

while minimising systemic adverse effects [213]. Clustered regularly interspaced short 

palindromic repeats-associated protein (CRISPR-Cas) genome editing further enables 

precise modification of probiotic genomes, allowing optimisation of metabolic pathways, 

bacteriocin production, and host-microbe interactions [221]. In parallel, CRISPR-based 

antimicrobials and engineered bacteriophages emerge as innovative approaches for 
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selectively eliminating pathogenic microorganisms such as Cutibacterium acnes and 

Staphylococcus aureus while preserving beneficial members of skin microbiota. However, 

translating CRISPR-based editing to the skin microbiome in situ faces substantial technical 

hurdles. Key challenges include overcoming the physical barrier of the stratum corneum, 

penetrating dense cutaneous biofilms, and achieving efficient, targeted vector delivery (such 

as via engineered phages, lipid nanoparticles, or bacterial conjugation) to specific bacterial 

targets in an open, harsh microenvironment [222–224]. While these technologies show 

promising next-generation microbiome therapeutics, overcoming delivery limitations 

alongside evaluating biosafety, genetic stability, and ecological impact will be essential 

before clinical implementation. 

9.3. Postbiotics as Next-Generation Therapeutics 

An important future direction involves the transition from live probiotics toward 

postbiotics and paraprobiotics. Unlike viable microorganisms, postbiotics consist of 

bioactive metabolites, cell-wall components, enzymes, extracellular vesicles, and other 

microbial products that retain biological activity without requiring bacterial survival [219]. 

These preparations offer several practical advantages, including improved physicochemical 

stability, simplified manufacturing, longer shelf life, reduced risk of microbial 

contamination, and enhanced safety for immunocompromised individuals. Furthermore, 

postbiotics may facilitate regulatory approval because they eliminate concerns regarding 

microbial viability during storage and administration. Continued characterisation of their 

molecular mechanisms and active components will be essential for expanding their clinical 

applications in dermatology.  

9.4. Regulatory and Commercialisation Challenges 

The global regulatory landscape for probiotic dermatological products remains 

fragmented. At an international level, the Food and Agriculture Organisation and World 

Health Organisation (FAO/WHO) established joint guidelines offering a foundational 

framework for probiotic characterisation, strain-level identification, safety testing, and 

health-claim validation [225]. However, adoption and enforcement of these WHO guidelines 

vary widely, and global regulatory pathways continue to depend heavily on a product’s 

intended classification. In the United States, classification falls under Food and Drug 

Administration (FDA) as a cosmetic, dietary supplement, biologic, or drug depending on 

intended use. Within the European Union, probiotic cosmetics and therapeutics are regulated 

under the European Medicines Agency (EMA) framework, while oral probiotic health claims 

are evaluated by the European Food Safety Authority (EFSA). Across Asia, regulatory 
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requirements vary considerably among countries, with Japan, South Korea, China, and 

Singapore adopting distinct national frameworks for functional foods, cosmetics, and 

microbiome-based therapeutics. These global inconsistencies create significant challenges 

for international commercialisation, product standardisation, and clinical translation [218,226]. 

Commercialisation is further complicated by intellectual property considerations. 

Naturally occurring probiotic strains are often difficult to patent, leading developers to focus 

on proprietary formulations, engineered strains, novel delivery platforms, postbiotic 

compositions, or manufacturing technologies [227]. Consequently, balancing innovation with 

accessibility remains an important challenge for both academia and industry. 

9.5. Artificial Intelligence and Precision Dermatology 

Artificial intelligence (AI) and machine learning are expected to transform 

personalised probiotic therapy by integrating multi-omics datasets, including metagenomics, 

host genomics, transcriptomics, and metabolomics profiles, with clinical endpoints and 

environmental factors [228]. In microbiome analysis, machine learning algorithms are already 

accelerating strain identification and functional profiling, whereby deep learning frameworks 

(such as deep neural networks and random forest classifiers) enable high-resolution strain-

level taxonomy and functional gene annotation directly from complex metagenomic 

sequencing data [229]. Furthermore, supervised learning models, such as gradient-boosted 

trees (e.g., XGBoost) and support vector machines, have been successfully applied to predict 

patient-specific treatment responses and microbiome compositional shifts prior to therapy 

[230,231]. In precision dermatology, such predictive modelling can facilitate the identification 

of optimal probiotic strains, individualised dosage regimens, and targeted treatment durations 

tailored to a patient’s unique microbiome signature, ultimately advancing data-driven 

therapeutic decision-making [232]. 

9.6. Future Research Priorities 

Although considerable progress has been achieved, several fundamental questions 

remain unresolved. Future research should prioritise: 

• Standardisation of probiotic strain identification, genomic characterisation, and quality-

control procedures. 

• Elucidation of strain-specific molecular mechanisms through integrated multi-omics 

approaches. 

• Optimisation of probiotic dosage, formulation, treatment duration, and delivery systems 

for different dermatological conditions. 
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• Comparative evaluation of live probiotics, paraprobiotics, postbiotics, and synbiotics in 

randomised controlled clinical trials. 

• Investigation of long-term safety, microbiome stability, and host-microbe interactions 

following prolonged probiotic administration. 

• Development of engineered probiotics and CRISPR-based microbiome editing strategies 

with demonstrated biosafety. 

• Establishment of internationally harmonised regulatory frameworks for probiotic 

skincare products. 

• Validation of AI-assisted precision microbiome platforms for individualised probiotic 

selection. 

• Identification of predictive biomarkers associated with clinical response and treatment 

resistance. 

• Evaluation of the economic feasibility, patient acceptance, and real-world effectiveness 

of microbiome-based dermatological therapies. 

Collectively, these multidisciplinary research directions are expected to accelerate the 

translation of microbiome science into safe, evidence-based, and personalised dermatological 

interventions. 

10. Conclusion  

Probiotics have emerged as promising microbiome-based interventions for 

dermatological applications through their multifaceted ability to modulate microbial 

homeostasis, epidermal barrier function, immune responses, and host-microbe interactions. 

Increasing mechanistic and clinical studies indicate that specific probiotic strains, together 

with postbiotics and other microbiome-derived therapeutics, may complement conventional 

management strategies for acne vulgaris, atopic dermatitis, skin ageing, and other 

inflammatory skin disorders. However, their therapeutic efficacy remains highly strain-

dependent, with outcomes influenced by formulation, dosage, treatment duration, route of 

administration, and host-specific factors. Therefore, probiotics should be considered as 

targeted, rather than universally applicable interventions. 

Despite encouraging findings, translation into routine dermatological practice 

remains constrained by substantial heterogeneity in strains, formulations, dosing regimens, 

study populations, and outcome measures. Most of the current research is derived from in 

vitro studies, animal models, or small clinical trials, while long-term safety, optimal 

treatment protocols, and strain-specific mechanisms remain incompletely defined. 

Standardised approaches to strain characterisation, viability assessment, formulation, clinical 
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trial design, and outcome evaluation are therefore needed to improve reproducibility and 

enable meaningful comparison across studies. 

Future research should prioritise the integration of molecular microbiology, multi-

omics, formulation science, bioengineering, and clinical dermatology to identify strain-

specific determinants of efficacy and develop more precise microbiome-based interventions. 

Greater emphasis on well-designed, adequately powered clinical trials and rigorous quality-

control and regulatory frameworks will be essential to establish clinical efficacy and safety. 

Collectively, these efforts can help advance probiotics and related microbiome-based 

therapeutics from promising adjunctive approaches toward precision-oriented strategies in 

dermatological care. 
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