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ABSTRACT

Atopic dermatitis (AD) is a common inflammatory skin disease associated with immune dysregulation. Re-
search suggests environmental exposures may contribute to AD development and exacerbation. AD is classified
in the realm of allergies and asthma. Sensitivities to mycotoxins and other allergens may cause AD, as well as
other inflammatory diseases. This paper reviews evidence on the relationship between mold exposure and AD.
Multiple clinical studies find higher rates of AD and worsening symptoms in water-damaged buildings with
mold contamination. Experimental studies demonstrate immune and skin barrier responses to mold allergens
that may exacerbate symptoms of AD. However, significant research gaps remain regarding underlying mech-
anisms. Additional longitudinal studies are needed to establish causality between mold and AD while account-
ing for genetic and other environmental factors. Determining the impact of mold on AD has important implica-
tions for prevention, diagnosis, and treatment.

Introduction

Atopic dermatitis is a chronic, inflammatory skin condition that causes inflamed, itchy rashes. It often starts in
childhood and can persist into adulthood. Mold exposure has been proposed as an environmental trigger that
may contribute to the development and worsening of atopic dermatitis symptoms. Mold spores are common
indoor allergens and irritants that can provoke immune and skin reactions. This paper will review current evi-
dence on the relationship between mold exposure and atopic dermatitis risk and severity. It will discuss pro-
posed biological mechanisms, including immune responses and skin barrier dysfunction. Clinical implications
for diagnosis and treatment will be outlined, along with suggestions for future research to characterize mold’s
role in atopic dermatitis better. The goal is to synthesize the current understanding of this association and de-
lineate key knowledge gaps.

Background Information

Epidemiology of Atopic Dermatitis

Atopic dermatitis is a skin condition prevalent across global populations. In research studies conducted over
the past decade, the one-year prevalence of diagnosed atopic dermatitis in adults was estimated to range from
approximately 1% to 17%, depending on the world region (Ng & Chew, 2020). The lowest rates were reported
in some Asian countries at around 1% to 3%, while the highest rates were found in some European nations at
over 15%. When looking beyond the diagnosed disease to rates of AD symptoms over a one-year timeframe,
prevalence ranges from approximately 3% to 18% worldwide. Over a lifetime, around 3% to 18% of adults
surveyed remember experiencing AD symptoms at some point.
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A few population-specific statistics help provide further context. For example, in the United States,
adult AD over one year affects close to 5% of the population. In Canada and Europe, figures remain comparable
at about 3.5% and 4.4% respectively (Ng & Chew, 2020). Studies in Japan suggest around a 3% annual inci-
dence and lifetime prevalence. Beyond childhood and adolescence, noteworthy numbers of new AD cases also
emerge in adulthood. Research from Germany indicates that around 8% of adults develop AD for the first time
in their late 20s to early 30s. Overall, while some variation exists between nations, AD remains an exceptionally
widespread condition in populations across the globe.

Overview of Mold Types and Sources of Exposure

Mold species constitute a highly diverse kingdom encompassing thousands of different fungal organisms that
propagate through the dispersal of microscopic spores. These spores are released into indoor and outdoor air
environments, leading to ubiquitous human exposure (Money, 2024). These spores are released into indoor and
outdoor air environments, leading to ubiquitous human exposure. Major categories of common household
molds include Aspergillus, Penicillium, Alternaria, and Cladosporium genera. Aspergillus species flourish on
building materials, house dust, carpets, foods, and compost piles (Lee et al., 2024). Penicillium genera thrive
on the wallpaper, wallboard, insulation, and decaying fabrics. Alternaria and Cladosporium originate predomi-
nantly from outdoors, circulating from plants, soils, and atmospherics.

Excessive mold growth typically results from water accumulation in structures that enable propaga-
tion. Flooding, chronic leaks, humidity, and condensation foster suitable environments (Lee et al., 2024). En-
suing contamination then spreads across wallboard, ceiling tiles, carpeting, or insulation materials. Additional
reservoirs allowing unchecked growth include air conditioners, humidifiers, houseplants, plumbing, drainpipes,
and window systems with pooled moisture (Hechtman, 2020). Additional reservoirs allowing unchecked growth
include air conditioners, humidifiers, houseplants, plumbing, drain pipes, and window systems with pooled
moisture. Outdoors, decomposing leaves, agricultural settings like barns, compost piles, and poor drainage areas
provide growth media, enabling spore productions that subsequently migrate into homes and workplaces.

Given such extensive reservoirs, human exposures occur ubiquitously through inhalation of airborne
spores and dermal contact. People inhale thousands of spores daily and accumulate skin contact with outdoor-
originating and indoor-growing species (Lee et al., 2024). Controlling moisture remains the key prevention
strategy, involving prompt leak repairs, indoor humidity levels under 50%, ventilation improvements, and re-
striction of mold-promoting sites like plants and carpets in damp basements or bathrooms.

Pathophysiology of Atopic Dermatitis

The pathological basis of atopic dermatitis centers fundamentally on two key elements: immune system dysreg-
ulation and skin barrier disruption. Immunologically, excess activity occurs among T-helper 2 (Th2) lympho-
cytes, central coordinators of allergic responses (Lugovi¢-Mihi¢ et al., 2023). Key cytokines secreted by Th2
cells include interleukin-4, interleukin-5, and interleukin-3, which provoke inflammation and influence B-cell
antibody production. Specifically, Th2 activation stimulates B cells to release elevated levels of IgE antibodies
against environmental and food allergens. Specifically, Th2 activation stimulates B cells to release elevated
levels of IgE antibodies against environmental and food allergens (Kanagaratham et al., 2020). Most AD pa-
tients exhibit markedly higher IgE levels compared to non-atopic individuals. In parallel, a relative deficiency
arises in Th1 T-cell populations that combat viruses and other pathogens.

In terms of barrier integrity, atopic dermatitis patients display profound impairments structurally and
functionally. The stratum corneum outer skin layer lacks crucial moisture-retaining ceramide lipids, experiences
accelerated turnover and shedding of squamae corneocytes, and shows diminished antimicrobial peptide ex-
pression. These defects originate partly from substantially reduced filaggrin protein synthesis, which forms the
scaffolding that connects keratin fibers and normally strengthens the epithelial barrier (Lugovi¢-Mihi¢ et al.,
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2023). With such profound structural vulnerabilities, allergens, microbes, and irritants can more readily perme-
ate into the dermis and provoke immune activation.

The interplay between immunological hypersensitivity and barrier dysfunction creates optimal condi-
tions for inflammation and infection. Allergens accessing the dermis stimulate further Th2 cell activation, mast
cell degranulation, eosinophil recruitment, and IgE production, perpetuating the atopic responses (Lugovié-
Mihi¢ et al., 2023). Infectious stimuli provoke parallel activation cascades alongside reduced Thl clearance
activity (Ghezzi et al., 2021). Current evidence supports this pathological interplay of immune dysregulation
and skin barrier integrity loss underlying the pathogenesis of atopic dermatitis across genetically susceptible
populations.

Mechanisms of Mold-Induced Skin Reactions

Mold exposures potentiate numerous inflammatory skin reactions through diverse physiological processes.
Upon contact with skin, fungal spores, and hyphae can elicit irritation mechanically and get identified as foreign
invaders by cellular immunity, triggering inflammatory signals (Lugovi¢-Mihi¢ et al., 2023). Antigen-present-
ing cells like Langerhans, dendritic cells, and macrophages process mold particles. Subsequent signaling to T-
lymphocytes activates cytokine secretions like tumor necrosis factor-alpha that dilate local blood vessels and
elicit tissue swelling, edema, and cellular infiltration.

Many molds additionally secrete bioactive enzymes and secondary metabolites that induce toxic skin
effects ranging from pigmentation to ulceration. Certain species opportunistically act as primary skin pathogens,
directly infecting tissues through invasive hyphal growth that destroys cells and releases antigens sustaining
immunologic reactions (Lugovi¢-Mihi¢ et al., 2023). Beyond direct contamination, airborne mold allergens
commonly prompt IgE-mediated allergic sensitization among atopic individuals. Upon repeated exposures,
mast cell degranulation releases histamine, leukotrienes, and other inflammatory mediators, triggering hives,
eczema, asthma exacerbations, and anaphylaxis.

Through this heterogeneity of mechanical irritation, cytotoxicity, invasive infection, and allergic hy-
persensitivity reactions, mold species initiate diverse cutaneous manifestations like dermatitis, mycetomas, on-
ychomycosis, and chronic urticaria. Elucidating the precise underlying pathways remains an ongoing investi-
gative goal to direct future therapeutic approaches effectively (Lugovi¢-Mihi¢ et al., 2023). For now, avoidance
and protective barriers represent first-line measures for managing mold-aggravated skin conditions like atopic
dermatitis.

Evidence of Association Between Mold and Atopic Dermatitis

Clinical Studies Investigating the Link Between Mold Exposure and AD

Clinical studies have investigated the potential association between mold exposure and atopic dermatitis symp-
toms and severity. For example, a 2024 study by Lee et al. found increased reporting of visible mold and musty
odors in the homes of children with moderate to severe atopic dermatitis compared to mild cases (Lee et al.,
2024). This suggests a possible dose-response relationship between mold burden and disease severity. Prospec-
tive cohort studies following children over time have also shown links between early-life mold exposure and
subsequent development of AD, even after adjusting for other factors.

Experimental Research Exploring the Impact of Mold Exposure On AD Development and
Exacerbation
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Controlled experimental studies in animal models have provided further mechanistic insights into the effects of
mold exposure on atopic dermatitis-like skin changes. According to research by Park et al. (2021), mouse mod-
els of AD exposed to the mold Aspergillus fumigatus showed worsened skin inflammation, increased IgE, and
systemic Th2 activation. Mice bred to have AD-like skin barrier dysfunction also developed more severe der-
matitis when exposed to Candida albicans fungi. Repeated exposure to fungal proteases found in household
molds induced AD-like immunologic and histologic changes in mice.

Meta-Analyses and Systematic Reviews Synthesizing Existing Evidence

Ng and Chew’s statistical meta-analyses combined data across many studies and showed a significant link
between mold exposure and increased risk of developing or worsening atopic dermatitis (Ng & Chew, 2020).
Pooled odds ratios range from 1.3 to 4.7, with higher risks in children versus adults. The association remains
significant even when adjusting for publication bias and potential confounders like socioeconomics and parental
asthma. Systematic reviews also overwhelmingly conclude that existing data supports a clinically relevant as-
sociation between mold and AD morbidity. However, most studies included were cross-sectional or relied on
self-reported mold exposures. Reviews have thus highlighted the need for more longitudinal analyses with
quantitative environmental mold assessment.

Mechanisms Underdying Mold-Induced Atopic Dermatitis

Immunological Responses to Mold Allergens

Exposure to mold allergens can trigger immunological responses that may contribute to the development and
exacerbation of atopic dermatitis. Certain mold species produce antigens and allergens that can activate the
immune system (Lugovié¢-Mihi¢ et al., 2023). When inhaled or contacting the skin, these allergens may be
recognized by the immune system and provoke IgE-mediated allergic reactions in atopic individuals. The bind-
ing of mold allergens to IgE antibodies on immune cells triggers the release of inflammatory mediators like
histamine. This results in an inflammatory response characterized by redness, swelling, itching, and rash. Re-
peated exposure to mold allergens may cause chronic inflammation that damages the skin barrier and leads to
flares of atopic dermatitis. Lugovi¢-Mihi¢ et al.’s study has shown associations between sensitivity to mold
allergens and increased risk or severity of atopic dermatitis (Lugovi¢-Mihi¢ et al., 2023). T-cell responses and
other non-IgE-mediated immune mechanisms may also cause mold-induced skin inflammation. Mold exposure
may worsen atopic dermatitis symptoms due to immunological responses triggered by mold allergens.

Remediation may help sensitive people avoid mold-induced flares. Further research is needed to fully
understand mold-induced atopic dermatitis immunology. Little is known about the complex relationship be-
tween immune cell types and signaling pathways in response to mold allergens (Lugovié¢-Mihi¢ et al., 2023).
Immunological marker longitudinal analyses before and after mold remediation may provide more information.

It will also be important to study how early-life mold exposures may prime the immune system for
allergic sensitization. Such research can illuminate immunological development windows and how mold expo-
sure in infancy and adulthood may cause different responses.

IgE-Mediated Reactions and Non-IgE-Mediated Responses

The relationship between mold exposure and atopic dermatitis involves IgE-mediated allergic reactions and
non-IgE-mediated immune responses. IgE antibodies bind to specific allergenic proteins found on mold spores
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and hyphae (Lee et al., 2024). This IgE cross-linking by mold allergens leads to degranulation and release of
histamine, leukotrienes, and other inflammatory chemicals from mast cells and basophils in the skin. This pro-
motes an immediate hypersensitivity reaction, causing itching, swelling, redness, and potential skin barrier dis-
ruption.

Many studies have confirmed the presence of elevated mold-specific IgE levels in the serum of atopic
dermatitis patients compared to non-atopic controls. However, some individuals have atopic dermatitis trig-
gered by mold despite lacking mold-specific IgE (Lee et al., 2024). This suggests non-IgE-mediated mecha-
nisms are also involved, potentially including T-cell-mediated responses. After repeated exposure, mold anti-
gens can stimulate a Th2 cell response, leading to cytokine release and chronic inflammation.

Allergen-specific Th2 cells and widespread immune dysregulation have been found in atopic derma-
titis patients. While the relative roles of IgE and non-IgE mediated responses require further study, both likely
contribute to the downstream inflammation, pruritus, and skin barrier dysfunction seen in mold-associated
atopic dermatitis.

Role of Skin Barrier Dysfunction in Mold-Induced AD

The disruption of normal skin barrier function caused by mold exposure may be an important factor in the
pathogenesis of mold-associated atopic dermatitis. The outer epidermis provides an important barrier against
environmental allergens, microbes, irritants, and toxins (Lugovi¢-Mihic et al., 2023). Even in non-lesional skin,
atopic dermatitis patients have impaired skin barrier integrity. The skin barrier defect lets mold penetrate, ex-
posing dermal immune cells to more antigens. This causes inflammation and filaggrin degradation, which in-
creases antigen penetration and immune activation.

Mold proteolytic enzymes and mycotoxins can directly damage skin barrier components. Reduced
barrier integrity can cause transepidermal water loss, dry skin, and increased allergen sensitization (Lugovic¢-
Mihi¢ et al., 2023). weakened skin defenses caused by mold may promote atopic dermatitis lesions and worsen
disease severity.

Patients with mold-damaged skin may benefit from moisturization and topical medications to repair
the stratum corneum. The complex interactions between mold and skin barrier remain unclear (Lugovi¢-Mihi¢
et al., 2023). Understanding how different mold species and strains directly degrade or destabilize barrier pro-
teins and lipids would be helpful. Studying individual variability in skin barrier impairments related to genetics,
age, and other endogenous factors will also be important.

Interactions Between Genetic Predisposition and Mold Exposure

Complex interactions between genetic predisposition and mold exposure likely influence one’s risk of devel-
oping mold-induced atopic dermatitis. Atopic dermatitis often aggregates in families, suggesting genetic factors
like filaggrin mutations increase disease susceptibility (Ng & Chew, 2020). Filaggrin defects can cause impaired
skin barrier function that facilitates environmental allergen penetration. However, genetics alone cannot explain
disease onset, indicating environmental triggers like mold are also crucial.

There may be gene-environment interactions in which certain genotypes modify the effect of mold
exposure on atopic dermatitis risk. For example, mold exposure may only trigger disease in individuals with
specific atopic diathesis genes (Ng & Chew, 2020). Genetic susceptibility may affect mold-induced dermatitis
severity rather than disease initiation. Mold-induced epigenetic changes may interact with genotypes to affect
dermatitis phenotypes.

Further research on skin barrier integrity, allergy, and innate and adaptive immune system genes may
reveal these complex gene-mold interactions. Genetic biomarkers can identify those at risk of mold-induced
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atopic dermatitis (Ng & Chew, 2020). Large genome-wide association studies and detailed environmental ex-
posure data will be needed to understand mold-associated atopic dermatitis' nature-nurture relationship.

Clinical Implications and Management Strategies

Mold-Induced Atopic Dermatitis Diagnosis

Clinicians must consider the patient's clinical presentation, allergy test results, and environmental history to
diagnose mold-induced atopic dermatitis. Patients usually have chronic, pruritic eczematous dermatitis like
atopic dermatitis (Ng & Chew, 2020). Flexural surfaces, the head/neck, and mold-laden objects are common
distribution points. However, morphology alone cannot distinguish mold-induced atopic dermatitis from others.

Skin prick tests and serum-specific IgE levels can detect sensitization to Alternaria and Cladosporium
indoor molds. Positive allergy tests support mold's role but may not predict disease severity (Ng & Chew, 2020).
Also, patch testing can detect delayed-type mold antigen hypersensitivity. Mold-induced atopic dermatitis in-
volves both IgE and non-IgE mechanisms, so immediate and delayed allergy testing may be best.

Clinically suspected mold-induced atopic dermatitis requires a detailed environmental history. Clini-
cians should check homes and workplaces for water damage, mold, musty odors, and poor ventilation (Ng &
Chew, 2020). The environment-disease link is strengthened by recurring symptoms in damp, moldy buildings.

Mold-Associated AD Treatment Options

To effectively manage mold-associated atopic dermatitis, a multi-pronged approach is needed, including aller-
gen avoidance, anti-inflammatory medications, skin barrier repair, and immunotherapy. Professional environ-
mental remediation is preferred, when possible, to identify and remove mold exposure sources (Lugovi¢-Mihi¢
et al., 2023 Patients should also be advised on cleaning, ventilation, and dehumidification to prevent recurrence.
Antihistamines can temporarily relieve mold-induced pruritus and urticaria.

Topical corticosteroids and calcineurin inhibitors such as tacrolimus are mainstays of treatment for
inflammation underlying atopic dermatitis of any cause. However, their long-term use warrants monitoring for
potential side effects (Lugovi¢-Mihi¢ et al., 2023). Adjunctive, steroid-sparing immunomodulators like cyclo-
sporine may be considered for severe, refractory cases. Restoring skin barrier function through moisturizers and
ceramide-rich emollients helps counter the drying effects of topical agents.

For patients with confirmed mold allergy, allergen immunotherapy represents a disease-modifying
option. Subcutaneous administration of increasing mold antigen doses has significantly improved mold-associ-
ated atopic dermatitis symptoms over months of treatment.

Challenges and Future Directions

Limitations of Current Research

While existing research supports an association between mold exposure and atopic dermatitis, there are im-
portant limitations. Much of the epidemiological data derives from cross-sectional studies, making it difficult
to establish causality or temporality between mold exposure and atopic dermatitis onset/exacerbation (Lee et
al.,, 2024). Many studies rely on patient-reported mold exposure without objective environmental mold
measures. This can introduce recall bias, especially among those concerned about environmental triggers. There
is also a lack of large, population-based longitudinal studies tracking mold exposure and atopic dermatitis inci-
dence over time.
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Relatedly, the mechanisms linking mold and atopic dermatitis are not fully elucidated. Experimental
studies often utilize mouse models or mold concentrations exceeding real-world exposures. We lack human
challenge trials documenting immune and skin barrier changes following controlled mold exposure. There is
also limited research on mold's interactions with other environmental co-exposures and factors like stress, in-
fections, and medications that influence atopic dermatitis (Lee et al., 2024). Finally, existing studies focus on a
small subset of common indoor molds.

Need for Further Longitudinal Studies

Robust longitudinal analyses are critically needed to clarify the temporal associations between mold exposure
and atopic dermatitis onset and exacerbations. Such studies should leverage objective environmental mold sam-
pling and repeated clinical assessments in large cohorts (Lee et al., 2024). Following participants over months
to years would enable finely mapping mold exposure to disease activity while accounting for individual risk
factors. Genetics, age, allergy status, and skin barrier integrity can be measured at baseline to identify subgroups
most susceptible to mold-provoked atopic dermatitis. Lagged analyses may also discern time intervals between
mold encounters and flares.

Ideally, these longitudinal cohorts should enroll participants across the age spectrum to elucidate crit-
ical exposure windows from infancy through adulthood. Mold's effects likely differ based on the developmental
stage of the immune system and skin barrier (Lee et al., 2024). Recording home and occupational environments
will provide insights into the major sources of impactful mold exposure. Researchers can analyze whether long-
term disease control improves if repeated mold remediation occurs.

Exploration of Personalized Treatment Approaches

There is a need to explore more personalized approaches to managing mold-associated atopic dermatitis based
on the individual's immune and barrier profiles. For example, patients with robust IgE sensitization may benefit
most from allergen immunotherapy, while those with recurring infections may need add-on antimicrobial ther-
apies. Those with filaggrin mutations or prior damage from harsh cleaners may require intensive barrier repair
strategies (Lee et al., 2024). Gene expression patterns in lesional skin may provide clues to optimal biological
medication selection.

It will also be important to identify individuals with mold as the primary disease driver versus a sec-
ondary aggravator and tailor management accordingly. Developing and validating biomarker panels to discern
these mold-centric subtypes could optimize treatment. Beyond clinical features, incorporating microbiome, im-
munologic, metabolomic, and environmental sampling data into predictive algorithms may prove useful. As
research continues, maintaining a precise phenotype definition for mold-induced atopic dermatitis will be key.

Conclusion

Existing research demonstrates that mold exposure can worsen atopic dermatitis in sensitized individuals. The
proposed mechanisms involve mold allergens triggering IgE- and cell-mediated inflammation, while mold-
induced skin barrier compromise enables further penetration of allergens. However, longitudinal studies with
objective mold measures must clarify exposure-response relationships over time. Elucidating gene-environment
interactions, critical exposure windows, and personalized biomarkers will help refine diagnosis and manage-
ment approaches. Reducing indoor mold through remediation alongside anti-inflammatory and barrier repair
therapies provides clinical benefits. Further exploration of mold's diverse health impacts is warranted.
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