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Abstract: -  

Background: Atopic dermatitis (AD) is a chronic inflammatory skin condition that is closely 

associated with an imbalance in the skin microbiome. This imbalance, also known as dysbiosis, 

leads to the overgrowth of pathogenic microorganisms, particularly Staphylococcus aureus, 

while beneficial bacteria such as Staphylococcus epidermidis are diminished. The relationship 

between the microbiome and the immune system plays a crucial role in the pathogenesis and 

progression of AD. 

Objective: The aim of this article is to review the role of the skin microbiome in the 

development and management of atopic dermatitis. The article explores microbial composition, 

dysbiosis, immune interactions, environmental and genetic factors, and current therapeutic 

strategies. 

Methods: A comprehensive review of recent studies was conducted to evaluate the impact of 

the skin microbiome on AD. The review focuses on microbial shifts, the role of S. aureus, 

immune system interactions, and potential treatments targeting the skin microbiome. 

Results: The findings highlight that microbial dysbiosis, particularly the dominance of S. 

aureus, contributes to the severity of AD. Therapeutic approaches targeting the microbiome, 

such as the use of probiotics, prebiotics, antimicrobial peptides, and microbiome transplants, 

show promise in managing AD symptoms. 

Conclusion: The skin microbiome plays a critical role in the pathogenesis of atopic dermatitis. 

Restoring microbial balance through targeted therapies could offer new avenues for effective 

treatment and management of AD. 
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1.0   Introduction 

Atopic dermatitis (AD) is a chronic inflammatory skin disorder 

characterized by recurrent eczematous lesions, pruritus, and 

significant disruption of the skin barrier function. Affecting both 

children and adults, it is one of the most common skin diseases 

globally, with a prevalence of 15-30% in children and 2-10% in 

adults (1). The pathogenesis of AD is multifactorial, involving 

genetic predisposition, immune dysregulation, environmental 

factors, and importantly, alterations in the skin microbiome. The 

skin, as the largest organ, harbors a complex microbial community 

that plays a critical role in maintaining skin health. Disruptions in 

this microbial equilibrium, often referred to as dysbiosis, have been 

closely linked to various dermatological conditions, including 

atopic dermatitis (2). 

The skin microbiome is composed of bacteria, fungi, viruses, and 

mites, with bacteria such as Staphylococcus, Corynebacterium, 

Propionibacterium, and Cutibacterium being dominant members. 

Among these, Staphylococcus aureus has been identified as a key 

pathogen in the exacerbation of AD. Numerous studies have shown 

that AD patients have increased colonization of S. aureus on 

affected skin sites, correlating with disease severity (3). This 

overgrowth of S. aureus not only exacerbates inflammation by 
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releasing toxins and superantigens but also competes with 

beneficial skin microbes, further disrupting the skin barrier and 

immune response. 

In contrast, beneficial microbes like Staphylococcus epidermidis 

are often reduced in AD patients, leading to an imbalance that 

favors pathogenic colonization. The protective role of S. 

epidermidis lies in its ability to produce antimicrobial peptides 

(AMPs) that inhibit S. aureus overgrowth and enhance skin barrier 

function (4). This intricate balance between protective and 

pathogenic microbes underscores the importance of the skin 

microbiome in maintaining skin homeostasis and its potential role 

in disease pathogenesis. 

Recent advancements in molecular techniques, such as next-

generation sequencing, have provided a deeper understanding of 

the skin microbiome's composition and its role in AD. These 

studies suggest that therapeutic strategies aimed at restoring 

microbial balance, such as probiotics, prebiotics, or 

bacteriotherapy, could offer novel treatments for AD (5). The 

potential to manipulate the skin microbiome represents a promising 

frontier in the management of chronic skin conditions. 

The aim of this article is to explore the role of the skin microbiome 

in the pathogenesis of atopic dermatitis, focusing on microbial 

dysbiosis, the impact of Staphylococcus aureus colonization, and 

emerging therapeutic strategies aimed at modulating the skin 

microbiome to treat AD. 

2.0 The Skin Microbiome: Composition and 

Function 

The skin microbiome is a complex community of microorganisms, 

including bacteria, fungi, viruses, and mites, that coexist on human 

skin. The composition of the skin microbiome varies between 

individuals and is influenced by factors such as genetics, 

environment, diet, and personal hygiene. Major bacterial species 

found on healthy skin include Staphylococcus epidermidis, 

Corynebacterium, and Propionibacterium species (6). These 

microorganisms play a critical role in maintaining skin homeostasis 

by preventing colonization by pathogenic bacteria, contributing to 

the immune system's function, and supporting the skin's barrier 

function (7). The skin microbiome is not static but dynamic, 

changing in response to environmental stimuli and physiological 

conditions. A balanced microbiome protects against external 

infections and prevents inflammation by interacting with the 

immune system (8). 

3.0 Microbiome Dysbiosis in Atopic Dermatitis 

Dysbiosis refers to an imbalance in the microbial community, often 

characterized by an overgrowth of pathogenic species and a 

reduction in beneficial microbes. In the case of atopic dermatitis 

(AD), dysbiosis is commonly observed, with studies showing a 

significant reduction in microbial diversity on the skin of AD 

patients (9). The dominance of Staphylococcus aureus is 

particularly notable, as this pathogen often overpopulates the skin 

of AD sufferers, contributing to disease flares and severity. The 

loss of beneficial microbes such as Staphylococcus epidermidis, 

which usually inhibit the growth of pathogenic species, exacerbates 

this imbalance (10). Dysbiosis is both a consequence of AD and a 

factor that worsens the disease, creating a vicious cycle where 

inflammation and microbial imbalance feed into each other. 

4.0 Staphylococcus aureus and Its Role in Atopic 

Dermatitis 

Staphylococcus aureus plays a significant role in the exacerbation 

of atopic dermatitis. This bacterium is capable of colonizing 

eczematous skin lesions and releasing toxins, known as 

superantigens, which can activate the immune system and induce 

inflammation (11). The colonization of S. aureus is associated with 

disease severity, and patients with higher S. aureus counts tend to 

experience more intense symptoms. Additionally, S. aureus can 

disrupt the skin barrier by degrading essential proteins, such as 

filaggrin, and facilitating the penetration of allergens and irritants 

(12). The overgrowth of S. aureus in AD patients suggests that 

targeting this bacterium could be a key therapeutic strategy. 

5.0 Interactions between the Microbiome and the 

Immune System in AD 

The skin's immune system plays a crucial role in maintaining 

homeostasis by interacting with the microbiome. In atopic 

dermatitis, this interaction becomes dysregulated, leading to 

chronic inflammation. The immune system, particularly T-helper 

cells, recognizes certain microbial signals and responds by 

producing cytokines. In AD, the immune response is skewed 

toward a Th2-dominant response, which promotes allergic 

inflammation (13). Dysbiosis, especially the dominance of 

Staphylococcus aureus, further aggravates this imbalance by 

producing toxins that amplify the immune response. Conversely, 

beneficial microbes such as Staphylococcus epidermidis can help 

modulate the immune system, reducing inflammation and 

promoting skin healing (14). 

6.0 Environmental and Genetic Factors Affecting 

the Skin Microbiome in AD 

Environmental factors, such as climate, pollution, and the use of 

personal care products, can significantly influence the skin 

microbiome. Dry skin, which is common in AD patients, creates a 

conducive environment for S. aureus colonization. Excessive 

hygiene practices or the use of harsh cleansers can strip the skin of 

its natural oils, further disrupting the microbiome (15). Genetic 

predispositions also play a role, particularly mutations in the 

filaggrin gene, which are common in AD patients. Filaggrin is 

essential for maintaining the skin barrier, and its deficiency can 

lead to increased transepidermal water loss and easier colonization 

by pathogenic bacteria (16). These environmental and genetic 

factors create a delicate balance, where even small disruptions can 

lead to significant microbial imbalances. 

7.0 Current and Emerging Therapies Targeting the 

Skin Microbiome 

Current treatments for atopic dermatitis primarily focus on 

reducing inflammation and restoring the skin barrier. However, 

new therapeutic strategies are emerging that specifically target the 

skin microbiome. These include the use of probiotics and 

prebiotics, which aim to restore microbial balance by promoting 

the growth of beneficial bacteria. Some studies have shown that 

topical applications of certain bacterial strains, such as 

Staphylococcus hominis, can inhibit the growth of S. aureus and 

reduce AD symptoms (17). Antimicrobial peptides (AMPs) and 

natural oils are also being explored as treatments, as they can 
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selectively kill pathogenic bacteria while preserving beneficial 

microbes. Another emerging approach is microbiome 

transplantation, where healthy skin bacteria are transplanted to 

affected individuals to restore balance (18). 

8.0 Challenges and Limitations in Microbiome-

Based Approaches for AD 

Despite the promise of microbiome-based therapies, there are 

several challenges to their widespread adoption. One major issue is 

the variability in skin microbiome profiles among AD patients, 

making it difficult to develop one-size-fits-all treatments (19). 

Additionally, the long-term effects of introducing new microbial 

species onto the skin are still not fully understood. Regulatory 

hurdles also exist, as microbiome therapies are considered novel 

treatments and must undergo rigorous testing for safety and 

efficacy. Production challenges, such as ensuring the stability of 

microbial formulations, are also significant obstacles (20). 

9.0 Future Directions in Microbiome Research for 

Atopic Dermatitis 

Research into the skin microbiome's role in atopic dermatitis is still 

in its early stages, but the potential for personalized treatments is 

promising. Advances in sequencing technologies are allowing 

researchers to identify specific microbial signatures associated with 

different stages of AD, opening the door to personalized 

microbiome therapies. In the future, treatments could be tailored 

based on an individual’s unique microbiome profile, leading to 

more effective and targeted therapies (21). Additionally, 

integrating microbiome-based approaches with existing treatments, 

such as emollients and corticosteroids, could provide a more 

holistic approach to AD management. 

10.0  Conclusion 

The skin microbiome plays a critical role in the pathogenesis of 

atopic dermatitis, with dysbiosis contributing to disease 

progression. Therapeutic strategies that target the skin microbiome, 

such as probiotics, antimicrobial peptides, and microbiome 

transplants, offer promising new avenues for treatment. However, 

more research is needed to fully understand the complex 

interactions between the microbiome, the immune system, and 

environmental factors in AD. Personalized microbiome therapies 

hold great promise for the future, potentially revolutionizing the 

treatment of atopic dermatitis. 
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