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Microbial dysbiosis – immune responses & allergic diseases
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The skin: not just a barrier!

Abiotic components
• Nutrients: lipids, salts, cellular debris
• Environmental conditions: low 

temperature & humidity, acidic
• Protective niches

Biotic components
• Microbiome: communities of bacteria, 

fungi, arcahea, viruses and mites
• Host cells

 0.5- 4 mm in thickness  25m2 surface area 



Exposome

Allergy. 2022 May;77(5):1418-1449.



Skin homeostasis: an essential balance
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Pathogenic microbes present on 
skin or acquired, that evade 

immune system causing 
inflammation

The Skin microbiome

Byrd A et al., 2018
Pausan M et al., 2019

Commensal microbes' 
resident microbes that live 
in harmony with skin cells                           

Bacteria

Fungi

Archaea

Virus

Mites



Skin microbiome and association with diseases

Microbial dysbiosis <--> skin diseases

Acne

Atopic dermatitis

Primary immunodeficiency

Chronic wound infections

Mycosis fungoides- T cell lymphoma

cellulitis

Impetigo

WartsYeast infections

Nail fungus



Modulate gene expression 1

 Innate immune genes
 Cytokine related genes

Regulatory T cell migration 2

 CCL20-CCR6 pathway

Commensal specific T-cell response 3

 Induction of IL-17A+ CD8+ cells

1 Meisel JS et al., Microbiome 2018
2 Scharschmidt TC et al.,Cell Host Microbe 2017
3  Naik S et al., Nature 2015

Microbes

Produce antimicrobial peptides 2

 Production of Lantibiotics

Skin microbiome: Functions and therapeutic potential 

Before After

Nakatsuji et al.,Nat Med 2021

Myles et al.,Sci. transl. med 2020

Staphylococcus hominis A9

Roseomonas mucosa

Allergic 
eczema



Hygiene hypothesis and its evolution

Allergy Asthma Immunol Res. 2023 Nov;15(6):705-724



Mechanisms of epithelial barrier theory - gut

Allergy Asthma Immunol Res. 2023 Nov;15(6):705-724



Th2, Th22

Dysregulated immune 
system

Compromised skin 
barrier

Penetration of pathogens 
and allergens

For more, please read: Patrick G et al., Which way do we go? Complex interactions in atopic dermatitis pathogenesis. JID doi:10.1016/j.jid.2020.07.006

• Chronic, relapsing inflammatory
skin disease

• 15-30% of children; 2-10% 
adults

• Eczematous lesions, intense itch 
and discomfort

• Complex interrelationship of 
genetic, environmental, 
immunologic (Th2/Th17) and 
epidermal factors

Atopic Dermatitis / Eczema



Mechanisms of epithelial barrier theory – Atopic dermatitis

Healthy skin Atopic dermatitis

J Clin Invest. 2019;129(4):1483–1492



Mechanisms of epithelial barrier theory – Atopic dermatitis

Healthy skin Atopic dermatitis
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S.aureus from AD lesions induce inflammation in mouse skin 

Severe AD like 
inflammation

Mild AD like 
inflammation

* Vehicle

* S.aureus Mu3

* S.aureus Mu50
S.aureus AD_1

* S.aureus AD_2

* S.aureus AD_3

* S.aureus AD_4

* S.epidermidis AD_2

* S.epidermidis AD_3

* S.epidermidis AD_4

Vehicle

S.aureus

S.epidermidis

Comparisions vs.

Patient severity

Non clinical strains

Severe

Moderate

Mild

Joshi AA, Patra V, et al manuscript under preparation

S. aureus clinical strains

severe AD patient



Staphylococcus aureus-specific skin resident memory T cells protect 
against bacteria colonization but exacerbate atopic dermatitis-like 
flares in mice

Braun C, et al JACI 2024



Sun allergy

• Photosensitivity condition (sun allergy).

• Prevalence of 10-20%

• Itchy , non scarring lesions of polymorphic morphology 

on sun-exposed parts.

• Prophylactic treatment is done by photo (chemo) 

therapy.



Microbes and microbial elements in sun allergy

Patra V, Wolf P. Microbial elements as the initial triggers in the pathogenesis of polymorphic light eruption? Exp Dermatol. 2016 Dec;25(12):999-1001.



Microbes persist in PLE lesions; higher density in epidermis
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Patra V, et al manuscript under preparation



Unique profile of antimicrobial peptides in PLE vs AD

Patra V, Mayer G, Gruber-Wackernagel A, Horn M, Lembo S, Wolf P. Unique profile of antimicrobial peptide expression in polymorphic light eruption lesions compared to healthy skin, atopic dermatitis, and 
psoriasis. Photodermatol Photoimmunol Photomed. 2018 Mar;34(2):137-144.



Differential gene regulation with or without microbiome after UV exposure

Anti-inflammatory Pro-inflammatory

No microbiome
+ 

UV

Intact microbiome
+

UV

Patra V, Wagner K, Arulampalam V and Wolf P. (2019) Skin microbiome modulates the effect of UV on cellular response and immune function. iScience , 2019; 15: 211-222



Differential microbiota-dependent cytokine patterns and their regulation after 
ultraviolet exposure

Zarfl M, Patra V et al. Differential microbiota-dependent cytokine patterns in patients with polymorphic light eruption and their regulation after ultraviolet exposure. 2024 Exp Dermatol



Summary

• Microbiome is an integral component of the skin’s ecosystem

• Skin microbiome can shape the molecular and cellular features of the immune system

• Immune mediated allergic diseases are characterized by defective epithelial barriers

• Exposure to barrier-damaging agents causes 

 epithelial cell injury and barrier damage 

 colonization of opportunistic pathogens

 loss of commensal bacteria/ decreased microbiota diversity

 bacterial translocation 

 Allergic sensitization and inflammation.


