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1 Abstract

Seborrheic dermatitis represents a chronic,
widespread skin disease that is considered a multi-
factorial disorder influenced, in part, by Malassezia
spp.opportunistic activities as well as by various
endogenous and exogenous factors. This review sys-
tematizes the recent scientific achievements in the field
of insufficiently elucidated etiology and pathogenesis
of seborrheic dermatitis.
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3 Introduction

Seborrheic dermatitis is initially described by P. G. Unna in 1887
and the association with Malassezia yeasts is accepted up to the
middle of the 20th century, when the observed increased epider-
mal cell turnover gradually prompts researchers to characterize
this condition as being intrinsic to the skin[1, 2].

Seborrheic dermatitis is common dermatological problem that
affects the seborrheic areas of the body. It is considered the same
basic condition like dandruff sharing many features and respond-
ing to similar treatments, differing only in locality and severity.
Current use of varying terms for seborrheic dermatitis such as
sebopsoriasis, seborrheic eczema, dandruff, and pityriasis capitis
reflects the complex nature of this common skin pathology [3].
Much controversy remains regarding the pathogenesis of sebor-
rheic dermatitis and its classification in the spectrum of cutaneous
diseases as a form of dermatitis, a fungal disease, or an inflam-
matory disease, closely related with psoriasis.

The prevalence of seborrheic dermatitis peaks when sebaceous
gland activity is high, during the first three months of life (infan-
tile seborrheic dermatitis), during puberty and when sebum ex-

cretion is reduced after the age of 50 years [2]. Because of smaller
sebum production, seborrheic dermatitis flares occur more often
in spring than in summer. Disease flare could be associated with
altered population dynamics affected not only by variations in se-
baceous gland activity but also by modifications in other nutrients
supplied by sweat, such as essential amino acids like glycine and
tryptophan.

Glycine stimulates the fast growth of M. furfur and after its ex-
haustion yeast cells employ tryptophan as a nitrogen source, in-
creasing the production of indolic metabolites [4]. Such cycles of
population growth, bioactive indole production, and subsequent
deprivation of nutrients result in insufficiently masked antigens
and ligands on the surface of the yeast cells leading to immune
system activation.

Seborrheic dermatitis occurs on the scalp as well as on face,
retroauricular area, and the upper chest, causing flaking, scaling,
inflammation, pruritus, and, sometimes, marked erythema [5].
Flaking is usually white-to-yellowish, and may be oily or dry. Var-
ious intrinsic and environmental factors, such as sebaceous secre-
tions, skin surface fungal colonization, individual susceptibility,
and interactions between these factors play a pathogenetic role
in seborrheic dermatitis.

3.1 Etiology of Seborrheic Dermatitis

There are three principal factors that play a role in the etiology of
seborrheic dermatitis [6]: sebaceous gland secretion, alteration in
colonization and metabolism of cutaneous microflora (Malassezia
spp.), as well as individual susceptibility and host response [7].
Malassezia is a monophyletic genus of fungi found on the
skin of seven billion humans and associated with a variety
of conditions, including dandruff, seborrheic dermatitis, atopic
eczema/dermatitis, pityriasis versicolor, and folliculitis [8]. Re-
cently, this genus represents a hot topic of basic research on
taxonomy, physiology, biochemistry, ecology, immunology, and
metabolomics [2]. It encompasses a total of 14 species [2, 9].
They are the following: M. furfur, M. pachydermatis, M. sympodi-
alis, M. globosa, M. obtusa, M. restricta, M. slooffiae, M. dermatis,
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M. japonica, M. yamatoensis, M. nana, M. caprae, M. equina, and
M. cuniculi.

As Malassezia spp. are present on the skin surface and within
layers of the stratum corneum, variations in technique in obtain-
ing specimen and quantifying the organism likely explain the dif-
ferences in findings among available studies (Gupta AK). M. glo-
bosa and M. restricta are commensal yeasts requiring an exoge-
nous source of lipids and are most commonly associated with se-
borrheic dermatitis [10]. They are capable of degrading lipids
in sebum with production of free fatty acids and triglycerides,
followed by consumption of certain saturated fatty acids. The
remaining modified unsaturated short-chain fatty acids are more
capable of penetrating the skin and inducing the inflammation
[7]. The increase in natural killer cells (NK1+), CD16+ cells
and inflammatory interleukins as well as complement activation
in lesional skin as compared to non-lesional skin and in skin of
healthy controls suggests an augmented inflammatory response
in seborrheic dermatitis patients.

Inflammatory markers recorded by immunocytochemistry of
skin biopsy specimens from seborrheic dermatitis lesions show
an increase in levels of various inflammatory mediators such
as interleukin-11$, interleukin-11%, interleukin-2, interleukin-4,
interleukin-6, interleukin-10, interleukin-12, gamma interferon,
and tumor necrosis factor alpha in the epidermis and around the
follicles of diseased skin [11].

The immunoenzymatic examination of the concentrations of
selected inflammatory factors in 36 seborrheic dermatitis pa-
tients, 16 females and 20 males, at a mean age of 38.61A$13.77
years (range, 19-76 years), and in 30 healthy volunteers,
23 females and seven males, at a mean age of 37.41A$6.08
years (range, 24-65 years) demonstrates statistically significantly
higher levels of interleukin-2 and gamma interferon in these pa-
tients than in the control subjects and proves the role of these
cytokines in the pathogenesis of seborrheic dermatitis [12].

Malassezia sp. are a ubiquitous component of the human skin
microbiome and are associated with a myriad of skin problems
[13]. With the use of modern genomic and systems biology tools,
new insights could be gained in the interaction between humans
and these eukaryotes which are most intimately associated thus
leading to perspectives on the duality of their symbiotic and an-
tagonistic relationship.

The measures at the structure/function level such as epider-
mal morphology, Malassezia infiltration and instrumental assess-
ments related to moisture content support the basic etiology se-
quence [14]. They enable a deeper understanding of seborrheic
dermatitis pathophysiology by demonstrating that the superficial
signs and symptoms result from an irregular epidermal construc-
tion and subsequnt disorganization in seborrheic dermatitis on-
set. The specific molecular mechanisms in the skin establish the
inflammatory nature of the disease, the poor synchronization of
proliferation and differentiation and the relatively ineffective bar-
rier function. The seborrheic dermatitis measures support the in-
clusion of this pathology in the broad group of inflammatory der-
matoses such as psoriasis, atopic dermatitis and acne presenting
with different triggering events but sharing the pathophysiology
of inflammation, proliferation and skin barrier impairment [14].

While many of the 4285 genes for biosynthetic enzymes are
present, M. globosa is the only free-living fungus known to lack
a fatty acid synthase gene [15]. With a plethora of lipase genes,
M. globosa likely satisfies its lipid requirement by hydrolysis of
sebum triglycerides.

The analysis of 5.8S rDNA/ITS2 from Malassezia sp. by poly-
merase chain reaction amplification and restriction fragment
length polymorphism methods demonstrates higher M. globosa
proportions in non-scalp lesions from severe seborrheic dermati-
tis subjects in Brazil compared with other areas thus suggesting
the closer association of this species with such lesions from areas
other than scalp [16].

The non-culture-based epidemiological studies of Malassezia
population dynamics in healthy or diseased human skin em-
ploying techniques for direct identification and quantification of
Malassezia DNA from skin specimens do not reveal any significant
difference in the ribosomal DNA sequences of the strains coloniz-
ing healthy and affected skin [2]. They indicate that the predom-
inant species are M. globosa and M. restricta found equally on the
skin of practically all humans. The use of multilocus sequenc-
ing typing for the screening of pathogenic versus non-pathogenic
Malassezia strains could highlight the pathobiology of Malassezia
yeasts.

The results from a culture-based study of the presence and den-
sity of Malassezia spp. in 60 seborrhoeic dermatitis patients and
70 and healthy controls in Serbia show that Malassezia is reliably
more frequent in patients than in controls (in 90% and 60% of
the cases, respectively; p<0,01) [17]. The most common isolaets
on patient’s lesional skin are M. slooffiae (in 26%), M. globosa and
M. sympodialis (in 17% of the cases each).

M. globosa and M. restricta are identified through direct de-
tection of fungal DNA using nested polymerase chain reaction in
87.0% and 81.5% of 146 Chinese seborrheic dermatitis patients,
respectively, accounting together for more than 50% of Malassezia
spp. [18]. There is co-colonization of two or more Malassezia
spp. detected by non-culture-based methods in 82.9% of these
patients.

M. dermatis has been isolated in East Asia (Japan and South
Korea), while M. obtusa has been isolated mostly in Sweden,
Canada, Iran and Indonesia, and Bosnia and Herzegovina [2].

3.2 Pathogenesis of Seborrheic Dermatitis

Recently, a more complete description of seborrheic dermatitis
pathophysiology based on the combination of three informational
strata - the macro (signs and symptoms), micro (physiological
structure and function) and biomolecular stratum is provided
[14]. The comprehensive description of ’scalp health’ adding
the new biomolecular markers to the existing clinical parameters
has the following benefits: (i) advances the understanding of the
biopathology of the disease; (ii) provides a framework to assess
the thoroughness of therapies; (iii) enables the use of other clin-
ical endpoints in addition to the commonly observed signs and
symptoms; and (iv) establishes relevant subclinical parameters
supplementingthe clinical observations.

The recognition of the role of Malassezia yeasts in seborrheic
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dermatitis pathogenesis is reappraised in the 1980s as the anti-
fungal activity of the multiple treatment regimens is a common
denominator for seborrheic dermatitis [19].

The characteristic structural and biomolecular abnormali-
ties associated with seborrheic dermatitis are categorized by
the following four sequential pathophysiological phases [20]:
Malassezia ecosystem and interaction with the epidermis; initia-
tion and propagation of inflammation; disruption of proliferation
and differentiation processes of the epidermis, and physical and
functional skin barrier disruption.

Seborrheic dermatitis signs and symptoms are well established
mainly through traditional (macro) assessment of the scalp skin
condition [14].

Its description at the structural and molecular level is now en-
abled by new molecular measurement capabilities. The emerg-
ing pathophysiological model is based on the established etio-
logical phases of Malassezia metabolism initiating the inflamma-
tory cascade, resulting in scalp skin hyperproliferation and incom-
plete corneocyte differentiation that yields an impaired stratum
corneum barrier [14].

Extensive clinical populations using expert flake assessment to
identify seborrheic dermatitis are evaluated for a wide range of
molecular level biomarkers comparing this pathology and normal
populations [21, 22]. The cell envelope protein involucrin as a
structural biomarker related to differentiation shows only small
differences between the two populations and the keratins 1, 10
and 11 are substantially reduced in the seborrheic dermatitis pop-
ulation indicating incomplete terminal differentiation. Molecular
markers of barrier integrity are quantified that complete the eti-
ologic cascade: human serum albumin and the epidermal inter-
cellular lipids [14]. In future, biomarker quantifications associ-
ated with reactive oxygen species defense can be identified, as
there are indications that oxidative damage either accompanies,
or causes seborrheic dermatitis.

Seborrheic dermatitis results from a nonspecific immune re-
sponse to Malassezia yeasts. They demonstrate an ability to in-
duce immune reactions, depending on the species, the culture
growth phase, yeast cell viability, and the integrity of Malassezia
cells [23]. M. globosa and M. restricta commonly isolated from
human skin present with distinct profiles of proinflammatory cy-
tokine production from epidermal cells, with M. globosa stimu-
lating the production of significantly more cytokines than M. re-
stricta. Even the use of different culture media results in different
compositions of the lipid layer that covers Malassezia cell wall
leading to a variable immune system modulation [23]. The pro-
duction of phospholipases and the response to f3-endorphin is as-
sociated with seborrheic dermatitis pathogenesis, too. There is an
increased production of phospholipase after § -endorphin stimu-
lation in pathogenic M. pachydermatis strains. This also applies to
lipophilic Malasseziaspecies, although it is reproducible in vitro
only for M. furfur [24].

Sebum production is increased by I$-endorphin [25] and a
functional fij-opioid receptor in pathogenic and non-pathogenic
M. pachydermatis strains is demonstrated [26]. This points to-
wards the existence of an equivalent sensory pathway in the
lipophilic Malassezia species that assists in yeast preparation for

a better utilization of sebaceous lipids. The aberrant production
of Malassezia phospholipases on the skin leads to epidermal lipid
removal, epidermal barrier function disruption, and seborrheic
dermatitis development when sebum production is constitution-
ally decreased.

Malassezia species are identified by phenotypic and genotypic
methods and a phylogenetic analysis using Bayesian inference
among 134 individuals including subjects without lesions, sebor-
rheic dermatitis patients, HIV positive patients, and HIV patients
with seborrheic dermatitis in Colombia [27]. M. restricta is the
most frequent species of Malassezia related to seborrheic dermati-
tis development. Age and gender are not predisposing factors for
this disease.

Malassezia speies are implicated in skin diseases including se-
borrheic dermatitis, atopic dermatitis, pityriasis versicolor and
Malassezia folliculitis and act act as an exacerbating factor in and
atopic dermatitis [9]. The fatty acids generated by Malassezia li-
pase induce skin inflammation leading to seborrheic dermatitis
development.

The analysis of bacterial microbiotas at lesional and non-
lesional sites of 24 seborrheic dermatitis patients by pyrosequenc-
ing and quantitative polymerase chain reaction shows that Acine-
tobacter, Corynebacterium, Staphylococcus, Streptococcus and Pro-
pionibacterium are abundant at both sites while Acinetobacter,
Staphylococcus and Streptococcus predominate at lesional sites
[28]. As these abundant bacteria hydrolyze sebum, they may also
contribute to seborrheic dermatitis development.

The presence of host susceptibility factors permitting the transi-
tion of Malassezia furfur to its pathogenic form may be associated
with immune response and inflammation [3]. Metabolites pro-
duced by Malassezia spp. e.g. oleic acid, malssezin, and indole-3-
carbaldehyde are implicated, too.

Malassezia yeasts, androgens, sebum levels and immune re-
sponse play important roles in seborrheic dermatitis development
while additional factors such as drugs, winter temperatures and
stress may exacerbate this disease [29]. Sebaceous glands con-
tribute to skin barrier function and their alteration may play a role
in the pathogenesis of seborrheic dermatitis and other common
skin diseases such as acne vulgaris, atopic dermatitis, psoriasis,
and rosacea [30]. There is a significant increase in the levels of
the biological markers cathepsin S, proteinase-activated receptor
2 and histamine patients with seborrheic dermatitis which corre-
late with clinical parameters [31].

The role of oxidative stress for the etiopathogenesis of sebor-
rheic dermatitis is comparatively examined in 54 patients and 54
healthy volunteers [32]. Serum total antioxidant status and total
oxidative status are measured, and oxidative stress index is calcu-
lated. Mean total antioxidant status values are significantly lower
(p=0.024) while total oxidative status and oxidative stress index
are higher in the patients than in the controls (p<0.05).

4 Conclusion

Further clarification of the interdisciplinary nature of sebor-
rheic dermatitis etiopathogenesis requires purposeful research us-
ing contemporary genetic, molecular-biologic and immunohisto-
chemical methodology.
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