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Foreword

It has been known for many years that the Malassezia yeasts are associated with a num-
ber of different human diseases ranging from pityriasis versicolor to seborrhoeic der-
matitis. However the evolving history of their taxonomy and pathogenicity, and the 
management of the diseases that they cause has been a long, and often difficult, jour-
ney. Their fastidious growth requirements defied the initial attempts to culture these 
organisms on laboratory media and their true identification and the relationship 
between different species only became apparent with the application of modern 
molecular techniques. Likewise although recognised in the 19th century as potential 
causes of human infection, piecing together the complex and, in certain cases, still 
uncertain relationships to different human diseases has taken many years. Recognised 
initially as causes of infection of the skin, they are now known to be superficial com-
mensals as well as potential causes of infections in domestic animals and more serious 
human conditions such as fungemia. They have also been implicated in the pathogen-
esis of allergic and other inflammatory diseases.

Given this complex, yet fascinating, history it seems appropriate to bring together 
current thought on these yeasts, their structure and function and their association with 
both human and animal disease states. This book provides such a view of the genus 
Malassezia and the diseases caused by its members. In accomplishing this task the book 
takes the reader through the history of the genus Malassezia and critically reviews its 
taxonomy, physiology and the diseases caused, both directly or indirectly. It is intended 
to provide an up-to-date account of these organisms that will appeal to the specialist 
scientist and student as well as the practicising microbiologist or physician.

London, UK  Roderick J. Hay
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Introduction: Malassezia Yeasts  
from a Historical Perspective

Roderick J. Hay and Gillian Midgley

1

Core Messages

The history of the recognition of the significance of the  › Malassezia yeasts and their 
potential role in causing disease in humans and animals is one of the more 
intriguing medical stories of the last 150 years. It contains all the elements of a 
classic mystery, from the early proposed association between an unusual looking 
organism seen in the skin diseases, seborrhoeic dermatitis and pityriasis versicolor, 
to its reclassification into a number of different species on the basis of molecular 
taxonomy. In the intervening period, other important discoveries were made. Its 
presence on normal skin indicated that it was a skin commensal, yet the argument 
over its true identity and nomenclature form a key part of this story. It was accepted 
at first as a cause of seborrhoeic dermatitis, but then rejected before the argument 
swung back in favour of a causal link in the late 1980s. While it has always been 
accepted as a cause of pityriasis versicolor, the new molecular work has allowed for 
the initiation of investigations to relate different clinical forms to individual species. 
The association of Malassezia species with animal disease has been an important 
development in veterinary medicine as skin disease caused by these organisms is 
very common in certain breeds. More recently, it has been reported that Malassezia 
species can be a cause of systemic infection, particularly in new born infants, and 
that it may also contribute to allergic disorders such as atopic dermatitis. As is often 
the case, the molecular work has outpaced the definition of clinical states, and it 
will be necessary to re-examine the status of individual diseases and reconsider 
whether they should be subdivided further. Early difficulty in the isolation of these 
lipophilic yeasts in the laboratory held back research, but the introduction of 
molecular methods has expedited work on the genus in recent years. This has 
contributed to our understanding of its pathogenesis, epidemiology and even its 
management. For instance, it has provided a more robust method of designing 
intervention strategies, such as the use of appropriate antifungals, as different 
species exhibit different drug sensitivity patterns.
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1.1  
 Definition

Malassezia yeasts are lipophilic organisms, which have been recognised for over a century 
as members of the normal human cutaneous flora, and also as agents of certain skin dis-
eases [1, 2]. In addition, since the 1980s, they have been reported as causing opportunistic 
systemic infections [3]. These yeasts have frequently been found on a diverse range of 
other warm-blooded animals (Chap. 3.3), and their wider distribution in nature is now 
being explored using molecular techniques [4–9]. Characteristic features of the genus 
Malassezia include a distinctive morphology and an affinity for lipids in culture. Electron 
microscopic observations have shown that these yeasts have a thick, multi-layered cell 
wall with buds formed successively from a single locus on the parent cell [10]. This leads 
to the formation of a prominent bud scar that gives the typical bottle shape to the parental 
cell and the bud, thus enabling the easy recognition of the yeasts in skin material (Chap. 
2.3). They have the physiological property of being able to utilise lipids and, with M. 
pachydermatis as the exception, the species show an absolute requirement for lipids in 
culture media (Chap. 2.1). The genus is currently classified in the order Malasseziales 
among the Exobasidiomycetes (Basidiomycota) (Chap. 2.2).

1.2  
 Taxonomy

The earliest description of Malassezia is that by Eichstedt in 1846 [1] when he recognised 
the fungal nature of the disease, pityriasis versicolor (PV). He observed the presence of 
yeasts and filaments in material from patients, but the organism was not named until Robin 
identified it as Microsporon furfur [11] in 1853. This name was replaced by Baillon, when 
he created a new genus Malassezia in 1889, and the binomial Malassezia furfur was estab-
lished [12].

Contemporary reports at this time revealed an interest in scaly conditions of the scalp 
including seborrhoeic dermatitis (SD), and dandruff (pityriasis capitis) where the presence 
of yeasts without filaments was seen not only in these patients but also in apparently 
healthy skin. Rivolta noted double contoured organisms in scales from psoriasis lesions in 
1873 [2] placing them within the genus Cryptococcus, and in the following year, Malassez 
described both spherical and oval “spores” in scaly lesions of the scalp [13]. These spores 
were named as two Saccharomyces species, S. ovalis and S. sphaericus, by Bizzozero in 
1884 [14] but other workers [15, 16] considered them to represent a single species and it 
was Sabouraud in 1904 who assigned them to a new genus Pityrosporum. Although he 
recognised the similarities between PV and pityriasis capitis, both in clinical signs and in 
the superficial site of colonisation by the yeasts, the presence of filaments in PV scales and 
the lack of them in material from other conditions led to his reluctance to place M. furfur 
and Pityrosporum in a single genus [17]. The yeasts observed in scaly scalps were there-
fore named by him as Pityrosporum malassezii but this was altered later to P. ovale by 
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Castellani and Chalmers in 1913 [18] who acknowledged the earlier specific name given 
by Bizzozero [14].

Subsequent studies by Panja however, recognised similarities between Malassezia and 
Pityrosporum and he suggested a single genus for these yeasts, naming them M. furfur and 
M. ovalis, with a third species, M. tropica, as a cause of a tropical variant of PV, pityriasis 
flava [19]. This concept was not accepted by workers at that time, and it was found conve-
nient to reserve the name M. furfur to describe the diagnostic microscopic feature of yeasts 
together with filaments in PV scales, and to continue to use Pityrosporum to identify the 
yeasts found in other conditions and in culture studies. Although various combinations for 
these yeasts appeared in the literature up to the 1930s, as reviewed by Ingham and 
Cunningham [20], the majority of authors maintained the binomial Pityrosporum ovale. 
This species, under its various names continued to include yeasts with a diverse morphol-
ogy, including spherical cells [15, 16, 21].

During the years 1925–1955, more species of Pityrosporum were described. In 1925, 
Weidman [22] isolated yeasts from the skin of a rhinoceros, which resembled P. ovale in 
morphology but could be distinguished by the lack of dependence on lipids for growth. He 
named it P. pachydermatis. A proposal by Dodge, in 1935 [23], that the designation, 
Malassezia pachydermatis, should be adopted for this yeast, was not accepted at the time. 
A similar yeast was described by Gustafson in 1955 from otitis externa in dogs, which he 
named P. canis [24] but this was later made a synonym with P. pachydermatis [17, 25]. 
This species is not a normal member of the human mycobiota but it has been found in a 
variety of animal hosts (Chap. 3.3). In the series of publications titled “The Yeasts, a taxo-
nomic study”, the first edition of 1952 listed two species of Pityrosporum, P. ovale and P. 
pachydermatis [26]. A third species P. orbiculare [27] was added to the genus Pityrosporum 
[17] in the second edition of 1970. This species was lipid-dependent and isolated from 
human skin and was distinguished by the spherical shape of the yeasts. In this 1970 publi-
cation, Slooff gave a very comprehensive historical review [17]. She acknowledged the 
similarity between Pityrosporum and Malassezia, but since the parasitic phase Malassezia 
furfur could not be obtained in culture, the genus Pityrosporum was maintained. The lipo-
philic yeasts were therefore included in two genera, Malassezia and Pityrosporum, which 
was not a satisfactory situation, but one that continued for more than a decade. Further 
evidence was forthcoming revealing similarities between M. furfur, the organism seen in 
PV, and the yeast P. orbiculare both in their morphology, such as ultra-structure of the cell 
wall [28–30], and in serological relationships [31, 32]. An additional factor was the dem-
onstration of filament production by P. orbiculare in vitro [33–36]. Therefore in 1984, in 
the third edition of “The Yeasts” [37], and in 1986, at The International Commission on the 
Taxonomy of Fungi [38], a single generic name was proposed for these yeasts and 
Malassezia was accepted as correct. This name had precedence since it was created in 
1889 [12], 15 years before Sabouraud’s Pityrosporum of 1904 [15]. Although this decision 
was recognised by taxonomists, “Pityrosporum” continued to be used, particularly in the 
dermatological literature [39–42].

Yarrow and Ahearn [37] placed both of the former lipid-dependent Pityrosporum yeasts 
in a single species, M. furfur. This was consistent with the view held by a number of work-
ers that morphological differences in the Pityrosporum species were due to the instability 
of the cell shape [17, 43–45] and also to common antigenic properties [32, 46, 47]. This 
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opinion was not universally accepted, and it presented a problem for authors wishing to 
distinguish yeasts according to differences in their morphology, revealed by variation in 
the size and shape of the cell, the ability to produce filaments and colonial features. 
Publications, therefore either referred to Pityrosporum spp., or divided M. furfur into sev-
eral varieties [48, 49]. These authors were able to demonstrate additional factors such as 
physiological and serological properties of these organisms, which supported their pro-
posed divisions within the genus.

Once molecular characteristics were established, it became apparent that the varieties 
reported in the literature did in fact, represent a diversity of species within the Malassezia 
genus. A new species, M. sympodialis, was described in 1990 [50], being differentiated by 
DNA/DNA reassociation experiments and values of the G+C content of nuclear DNA. This 
species was incorporated within the genus in the fourth edition of “The Yeasts” [51]. Later, 
a number of karyotypes, determined by pulsed field gel electrophoresis (PFGE), were 
reported which could be related to phenotypic variants [52–54]. The analysis of large sub-
unit (LSU) rRNA sequencing published in 1995 by Guillot and Guého confirmed the divi-
sions already suspected within the genus and indicated further possible taxa [55]. 
Subsequently, four new species were established in 1996 where the molecular data could be 
correlated with physiological properties, such as the ability to utilise different lipid supple-
ments, differences in the catalase reaction, and variation in temperature tolerance [56].

Schemes were developed which enabled the identification of species using phenotypic 
characters [57, 58] and this has led to publications on ecological studies showing the dis-
tribution of species according to pathological conditions and geographical areas [59–61]. 
Additional molecular methods were subsequently introduced which not only allowed iden-
tification of species in situ [62–64], but also led to the revelation of further Malassezia 
species. These have been from human skin in Japan, M. dermatis [65], M. japonica [66], 
M. yamatoensis [67], and from animal sources, M. nana [68], M. equina and M. caprae 
[69]. Currently, thirteen species of Malassezia, are recognised and have been included in 
Chap. 2.1 and in the fifth edition of “The Yeasts: a taxonomic study” [70].

1.3  
 Culture Studies

Lipids have been incorporated in culture media for the isolation of Malassezia/Pityrosporum, 
since the earliest studies on their recovery, as formulae in use at that time included natural 
products such as milk, eggs, lanolin, meat infusion and butter, [19, 21, 71–73] all of which 
would have supplied some lipid content. The validity of cultures isolated by Oudemans 
and Pekelharing in 1885 [72], van Hoorn in 1896 [73] and Kraus in 1913 [71] is now a 
matter of opinion but those of Castellani in 1925 [74] and Panja in 1927 [19] were studied 
further by other laboratories and are therefore credited with being confirmed isolates of 
Malassezia/Pityrosporum [17, 21, 27]. The work of Ota and Huang [21] and Benham [75] 
stressed that lipid was, in fact, essential for the growth of P. ovale. Benham preferred the 
inclusion of butter but it was olive oil, or its component oleic acid that was used by  
the majority of subsequent authors [26, 27, 76, 77]. Even when cultures were successful, 
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the optimum conditions for the maintenance of isolates were not established and many of 
these were often short lived so that exchange of cultures and comparison of isolates 
between laboratories were slow to develop. Investigations were performed by several 
authors into the precise supplements needed for the culture of lipophilic yeasts. Shifrine 
and Marr [78], Meinhof and Braun-Falco [79] and Wilde and Stewart [77] demonstrated 
the effect of individual fatty acids, the critical factor being the number of carbon atoms in 
the molecule. Further to this, Martin Scott in 1952 [80] had demonstrated the positive 
effect of the inclusion of a bile salt in the medium and these studies led to the development 
of various formulae for the isolation and maintenance of these lipid-dependent yeasts, 
which remain in use to the present day [49, 81–83].

Further physiological conditions found to be important for success in the isolation and 
maintenance of Malassezia cultures, were the use of freshly prepared media, humid condi-
tions and a temperature between 30 and 35°C [49, 83]. Although some of the currently 
recognised species can survive even at temperatures above 37°C, many isolates from 
human skin, at least in temperate zones, belong to species such as M. globosa and M. 
restricta, which are more limited in their temperature tolerance (Chap. 2.1). It was also 
shown that frequent transfers onto fresh media and the avoidance of low temperatures for 
storage (e.g. refrigeration at 0–4°C) are both necessary to maintain the viability of cultures 
in vitro an exception being the use of liquid nitrogen, where even the most susceptible 
 species were found to survive [49].

Descriptions of the colony characteristics of Malassezia cultures were very limited 
until media were developed to provide substantial growth. Formulae with an emulsion of 
lipid in the agar rather than an oily overlay allowed the formation of discrete colonies with 
reproducible features. Illustrations by Panja in 1927 [19] and Martin-Scott in 1952 [80] 
showed cultures with a rough surface and the various colony forms reported later by van 
Abbe in 1964 [83] on Dixon agar can be readily identified with those in later publications 
using a similar medium [44, 49, 56]. These features are now included in the standard spe-
cies descriptions (Chap. 2.1).

From the earliest records of the lipophilic yeasts in tissue, and in cultures, a diversity in 
the shape of the cells was recognised, with descriptions of oval, globose, bottle shaped and 
elongated yeasts [1, 2, 13–16, 73]. Although in the illustrations in Benham’s publication 
[75] and in the first edition of “The Yeasts, a taxonomic study” in 1952 [26], P. ovale was 
shown with fairly uniform oval cells, with the acceptance of Gordon’s P. orbiculare in 
1970 [27], spherical cells were again included in the genus description [17]. The charac-
teristic feature of repetitive budding from a thick walled cell, which gives the typical bottle 
shape with a pronounced bud scar was seen in historical publications but was described 
more clearly in later years with electron microscopy (EM) studies. The cell wall of 
Malassezia was seen to be composed of several layers and a remarkable feature is the 
appearance of spiralling ridges on the inner surface. This can be visualised by the light 
microscope and was first noted, as long ago as 1899 by Matakieff [84] but later shown with 
precision by illustrations of the ultra-structure (Chap. 2.3). The production of filaments in 
Malassezia cultures was reported infrequently in the past [33, 35, 36, 71, 85, 86], and is 
found to be a typical feature of only two species, namely M. furfur and M. globosa. 
Saadatzadeh in 2001 obtained atypical tortuous filaments in M. sympodialis [87], but they 
have never been observed in vivo associated with this species.
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The property of differences in fatty acid requirements of variants of Malassezia reported 
by Shifrine and Marr [78] and Meinhof and Braun-Falco [79] has been employed more 
recently in species identification. Using the assimilation patterns of Tweens (which have 
different fatty acids as major components), along with catalase activity and the tolerance 
of temperatures above 37°C, schemes have been devised to confirm the identity of the spe-
cies by cultural methods [56, 58]. Two additional reactions, the growth with Cremophor 
EL (castor oil) and the presence of ß-glucosidase activity, were found useful to aid in spe-
cies identification [57, 70, 88].

1.4  
 Ecology

Numerous surveys to determine the extent of Malassezia colonisation on human skin have 
been undertaken using both direct microscopy of tissue and by culture [89, 90]. They 
revealed that these species are universally present in the population, with colonisation occur-
ring in infancy, and reaching highest concentrations after puberty and in early adulthood [81, 
91–94]. Many have focused on the scalp in relation to SD and dandruff [80, 83, 95] and 
investigations covering multiple sites have shown the highest concentrations of these 
yeasts to be in areas rich in sebaceous glands [76, 94]. In these reports, the individual spe-
cies of Malassezia were often identified as far as the current knowledge allowed. However, 
after the newer species of Malassezia were established in 1996 [56], and molecular meth-
ods expanded to identify the species in tissue as well as in culture, the numerous studies 
reviewed by Ashbee in 2007 [89] have indicated the distribution of each species from 
healthy skin and their relationship with dermatological conditions.

Surveys on animals have focused on the recovery of M. pachydermatis, which shows a 
wide range of animal hosts (Chap. 3.3). Several of the remaining Malassezia species have 
been reported from animals, but the extent of the spectrum of the thirteen species in both 
human and animal skin, as well as the non-living environment, is still being determined 
(Chaps. 2.1 and 3.3).

1.5  
 Associated Diseases

Malassezia species have been associated with a number of different diseases in both 
humans and animals [96]. These range from “true” infections, where there is invasion of 
tissue, such as PV, or the much rarer cases of systemic Malassezia infection, to conditions 
where Malassezia appear to play a pathogenic role, but through indirect or immunological 
mechanisms such as in SD. In addition, there have been diseases that have been ascribed 
to Malassezia but with insufficient scientific evidence, such as confluent and reticulate 
papillomatosis [97] and onychomycosis. In the latter instance, Malassezia are almost cer-
tainly, colonists of subungual space.



1 Introduction: Malassezia Yeasts from a Historical Perspective 7

The history of the descriptions of these diseases is difficult to disentangle, partly because 
of the use of similar terms to describe what we now know to be distinct disease states. 
Braun-Falco et al. [98], for instance, used the term pityriasis to describe a number of dif-
ferent conditions including scaling in the scalp. Generally, for centuries, the term pityriasis 
had been used to describe scaling conditions distinct from psoriasis or ichthyosis; the alter-
native word porrigo was also often used for similar scaling conditions

1.5.1  
 Pityriasis Versicolor (PV)

PV is a superficial infection of the skin in which the organisms, usually M. globosa, 
develop filaments and cause minor pathological damage to the stratum corneum of the 
epidermis through tissue penetration and resultant inflammation. PV is one of the com-
monest skin diseases in a wide range of geographic areas, but is most frequent in the trop-
ics, with the highest incidence in older children and young adults. It is also seen regularly 
in northern climates, often in patients who have taken their holidays in a warmer environ-
ment. While this infection may occur in otherwise healthy individuals, it is also seen in 
some immunocompromised patients, such as those receiving long-term therapy with sys-
temic corticosteroids and other immunosuppressive drugs; however, it is not a marker of 
HIV/AIDS infection. PV presents with scaly hypo- and hyper-pigmented patches, which, 
with time, become confluent over the trunk, head and proximal limbs. It may be accompa-
nied by mild symptoms of irritation. Atypical forms spreading to the proximal limbs or 
producing atrophic skin changes have been described. The infection is best diagnosed by 
direct microscopy of skin scales; culture of scales has no place in the laboratory diagnosis. 
Treatment with a range of antifungals such as imidazoles is usually effective, although 
adequate application of topical medications to wide surface areas of the skin is technically 
challenging. In patients who are not residents of tropical regions, relapse is uncommon; 
however, if predisposing factors are not removed, re-infection may occur.

PV was a term used by the late eighteenth and early nineteenth century physicians inter-
ested in skin disease, such as Willan [99]. But the first recognition that PV, as a distinct form 
of scaly dermatosis, was caused by a yeast is attributed to Eichstedt in 1846 [1, 3, 17]; he 
was the first to observe that patients with PV had both yeasts and filaments in skin samples. 
At this time, culture was not possible and the causal connection was based on identification 
of the characteristic morphology in vivo. The history of the subsequent nomenclature has 
been described previously. However, the relationship between specific yeasts and PV may 
appear confusing with Baillon’s renaming of the organism in 1889 as Malassezia furfur and 
the subsequent use of the genus Pityrosporum. Nowadays, with the more recent classifica-
tion, it is becoming clear that Malassezia globosa is the principle cause of PV [100], 
although other Malassezia species, including the newly genetically defined M. furfur, may 
also be involved. Many of the earlier clinical studies of this condition, after its recognition 
as an infection, were documented by Castellani [101] who maintained that there were a 
number of distinct forms of PV distinguishable by colouration or distribution. Pityriasis 
versicolor tropicalis, for instance, was the name given to the disease where there was exten-
sive depigmentation associated with lesions. Similar clinical variations were outlined by 
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other authors [102, 103], although today, the main distinct entities, recognised as clinically 
relevant, are the atrophic form and a variety of PV associated with oval yeasts and an atypi-
cal distribution (Chap. 6.1).

1.5.2  
 Seborrhoeic Dermatitis (SD)

SD is a scaly skin disease affecting the scalp, face and chest where there are scaly ery-
thematous patches. These are best found in the scalp, in the nasolabial folds, eyebrows, 
behind the ears and on the chest over the sternum. It is a major, if not the only, cause of 
scalp scaling or dandruff. The pathogenetic role of Malassezia in SD remains something 
of a mystery, as there is no evidence that the organisms invade the skin. However, our 
understanding of the explicit link between SD and Malassezia is based on observational 
evidence that removal of the yeasts from the skin, using an antifungal agent, usually leads 
to remission, and relapse is associated with re-emergence of organisms on the skin surface. 
There is no experimental model for SD and not all patients respond to antifungals. Despite 
intensive investigations, the pathogenetic mechanisms involved remain obscure. Attempts 
to demonstrate the involvement of specific immunological or biochemical pathways have 
not been successful. However, besides affecting healthy patients, SD is common in the 
early phase of AIDS [104] and also in patients with chronic neurological illness, such as 
Parkinson’s disease [105]. No defects in T- cell function in SD patients have been demon-
strated that would explain the link with HIV. There is some evidence that there are higher 
antibody levels to Malassezia in SD patients. However, the true pathological basis for SD 
remains unclear. Intuitively, the mechanism would appear to be the failure to suppress an 
inflammatory response to a surface commensal yeast, which, as a consequence, is acti-
vated in SD patients. However, at present, such ideas are speculative. Diagnosis, therefore 
remains a clinical one based on the characteristic clinical morphology and distribution of 
lesions. Treatment with antifungal shampoos, creams or oral antifungals is usually suc-
cessful, although there are exceptions.

As mentioned previously, scaling of the scalp associated with varying degrees of inflam-
mation and erythema had been known for centuries. But the connection between fungi and 
SD was first proposed by Malassez in 1874 [13]. He had observed the morphology of the 
yeasts, which were described as spores, that are present in the scaly scalp in patients with 
dandruff. This view was supported by Sabouraud who recognised that these were indeed 
yeasts and believed that they were the cause of pityriasis capitis or dandruff. He also pointed 
out the similarity between these organisms and those that caused PV and named them 
Pityrosporum malassezii. While dermatologists in the early part of the twentieth century 
supported an infective aetiology for SD, this was called into question by a number of later 
scientists who were interested in the development of inflammation in the skin. They pro-
posed that the yeasts were incidental to a primary inflammatory dermatosis, which resulted 
in increased cell turnover in the epidermis, such as psoriasis, causing scaling and inflamma-
tion [106, 107]. For many years, the connection of yeast with SD was forgotten, until the 
development of the oral antifungal, ketoconazole, led to the observation that patients with 
dandruff receiving this drug began to improve. This stimulated more work and in 1984, 
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Shuster [108] proposed that the yeast theory was indeed the correct one and that there was 
sufficient evidence in existence to make an explicit connection between the presence of 
Malassezia yeasts and SD. In developing his argument, Shuster pointed out that a critical 
piece of evidence used in favour of the hyperproliferative theory was the failure of patients 
with dandruff to respond to topical amphotericin B [107]. However, he also pointed out the 
importance of a study that showed that patients with dandruff, who had responded to nysta-
tin, relapsed when nystatin-resistant cells of Malassezia were reintroduced [109].

The association between SD and a number of other conditions remains perplexing. For 
instance, in the nineteenth century, it was associated with syphilis, [110] although it is not 
always clear whether the lesions of these two distinct diseases were always separated. 
Likewise, the pathogenetic explanation for the association between SD and neurodegen-
erative disorders, such as Parkinson’s disease and latterly HIV/AIDS, is unknown.

1.5.3  
 Malassezia Folliculitis

Malassezia folliculitis is a scattered pustular inflammatory rash that is mainly seen on the 
upper trunk, back and front [111]. The pustules are not associated with comedones (black-
heads) and are itchy. The condition is often triggered by sun exposure, but may also occur 
in severely ill patients admitted to hospital [112]. There is also a pustular form of SD, again 
usually on the chest or back where the pustules are small and surrounded by erythema. 
Biopsy of lesion reveals large numbers of yeast within hair follicles and surrounding 
inflammation. Generally, oral therapy with either itraconazole or ketoconazole is effective.

1.5.4  
 Atopic Dermatitis (AD)

Malassezia species have also been implicated in the development of a form of AD affect-
ing the face and scalp [113, 114]. This phenomenon is mainly recorded in young adults 
rather than in children and affects merely the face and not the flexures. The evidence that 
there is a connection with Malassezia is based on the observation that a) patients respond 
to antifungal therapy, and b) there is a high prevalence of specific antibody (IgE) to 
Malassezia antigens in affected patients. The positive effect of treatment is difficult to 
understand on the basis of any explanation, other than that of removal of yeasts from the 
skin surface, as azole antifungals without activity against Staphylococcus aureus, such as 
ketoconazole, are as effective as those with antibacterial properties. There are precedents 
for the role of IgE mediated immunity in eliciting flares in AD, as a similar mechanism has 
been proposed as contributory to the much commoner, Staphylococcus–associated, flares 
of eczema. In the latter example, there is evidence that other immunologically mediated 
bacterial triggers may be involved. S. aureus, for instance, is a source of superantigens that 
may directly cause T cell activation. So, the mechanism whereby Malassezia plays a role 
in aggravating AD is not known [115].
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1.5.5  
 Confluent and Reticulate Papillomatosis

Confluent and reticulate papillomatosis [97] is a rare condition affecting the upper trunk 
where patients develop a network of linear, noninflammatory scaly lesions [116, 117]. 
Biopsies of lesions may reveal the presence of Malassezia yeasts, but the evidence that they 
play a role in the causation of this condition is weak. Firstly, there is neither satisfactory 
pathogenetic explanation nor firm evidence that lesions respond to antifungals. The condi-
tion is very uncommon and, therefore, controlled comparative therapeutic studies would be 
hard to perform. Yet, generally patients respond to minocycline, again difficult to explain 
on the basis of a central role for Malassezia spp.

1.5.6  
 Other Conditions

Malassezia have been implicated in other conditions such as blepharitis and otitis externa. 
Again, the problem comes in relating pathogenesis to the organisms, as lipophilic yeasts 
can be found in both the eye-lashes and the external auditory meatus. In addition, blephari-
tis and scaling of the external ear are seen in patients with SD and so the link may be similar 
to that seen with SD patients. There is a form of psoriasis, sometimes referred to as sebo-
psoriasis, where the clinical distribution of lesions can resemble those seen in SD. Patients 
with this form of psoriasis have been reported to improve on antifungals, thus suggesting 
that Malassezia (or another fungus) may play a role [118]. It is not clear, though, whether 
this is a distinct entity or that it represents an overlap between SD and psoriasis – or even 
psoriasis co-localising (Koebner’s effect) with SD [119].

1.5.7  
 Systemic Infection

Rarely, Malassezia species have been described as causes of systemic infection, usually in 
neonates. The first case in 1981 reported an association with the use of intravenous lipid feeds 
and care in a neonatal ITU [120]. Transmission from staff or other patients or their relatives 
has been postulated [121]. The usual cause is M. pachydermatis. Case clustering has been 
reported suggesting the potential for multiple transmission. This condition is fatal if untreated, 
and patients respond, if treated in a timely manner with systemic antifungals. However, given 
that this is an unusual pathogen, late diagnosis is often the problem with this infection.

1.6  
 Perspectives

The recent elucidation of the genomes of M. globosa and M. restricta [122] will have a 
significant impact on future studies of Malassezia yeasts. First of all, the data generated 
will be a major source of reference for many future comparative studies of the genus, e.g., 
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those that aim to understand fundamental biological processes, such as the intriguing pos-
sibility of a functional mating system, to understand the diversity of allergens and the regu-
lation of their coding genes, and, more generally, comparative pathogenomics, such as the 
regulation of the expression of genes involved in pathogenicity, inflammation, lipid utilisa-
tion in vivo and in vitro, etc. Secondly, the genome may harbour important new drug tar-
gets that may contribute to the control of Malassezia-related diseases. Thirdly, the genome 
data may contribute to the selection of genomic markers that can be used to develop a 
multilocus sequence typing (MLST) scheme.

Moreover, the availability of the genome sequence will also allow the development of 
gene replacement techniques, as well as the generation of well defined genetic knock outs. 
Such constructs will be essential to boost the progress in the field of Malassezia patho-
physiology. Eventually, this may result in the emergence of a comprehensive systems 
approach to understand Malassezia-related diseases in relation to human genetics.

1.7  
 Currently Recognised Species

 1. Malassezia furfur (Robin) Baillon (1889)
 2. Malassezia pachydermatis (Weidman) Dodge (1925)
 3. Malassezia sympodialis Simmons & Guého (1990)
 4. Malassezia globosa Midgley, Guého & Guillot (1996)
 5. Malassezia obtusa Midgley, Guillot & Guého (1996)
 6. Malassezia slooffiae Guillot, Midgley & Guého (1996) 
 7. Malassezia restricta Guého, Guillot & Midgley (1996) 
 8. Malassezia dermatis Sugita, Takashima, Nishikawa & Shinoda (2002) 
 9. Malassezia japonica Sugita, Takashima, Kodama, Tsuboi & Nishikawa (2003)
10. Malassezia nana Hirai, Kano, Makimura, Yamaguchi & Hasegawa (2004) 
11. Malassezia yamatoensis Sugita, Tajima, Takashima, Amaya, Saito, Tsuboi & Nishikawa 

(2004) 
12. Malassezia caprae Cabañes & Boekhout (2007)
13. Malassezia equina Cabañes & Boekhout (2007)
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Core Messages

This chapter presents and discusses all techniques and media used to isolate,  ›
maintain, preserve, and identify the 13 species that are presently included in the 
genus. Each species is described morphologically, including features of the 
colonies and microscopic characteristics of the yeast cells, either with or without 
filaments; physiologically, including the growth at 37 and 40°C, three enzymatic 
activities, namely catalase, b-glucosidase and urease, and growth with 5 
individual lipid supplements, namely Tween 20, 40, 60 and 80, and Cremophor 
EL. Their ecological preferences and role in human and veterinary pathology are 
also discussed.
For quite a long time, the genus was known to be related to the Basidiomycota,  ›
despite the absence of a sexual state. The phylogeny, based on sequencing of the 
D1/D2 variable domains of the ribosomal DNA and the ITS regions, as presented 
in the chapter, confirmed the basidiomycetous nature of these yeasts, which 
occupy an isolated position among the Ustilaginomycetes. The relationship to 
the Basidiomycetes is also supported by monopolar and percurrent budding and 
the multilamellar cell wall ultrastructure. Some characteristics of this cell wall, 
which is unparalleled in the world of fungi, together with the lipophily 
demonstrate the uniqueness of this genus in the fungal kingdom.
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2.1  
 Isolation, Identification and Biodiversity of Malassezia Yeasts

Eveline Guého-Kellermann and Teun Boekhout

The genus Malassezia was created for a fungus, M. furfur, which was seen in lesions of 
pityriasis versicolor (PV). Unfortunately, it took a long time to understand the lipid depen-
dence of this fungus and, consequently, to obtain and maintain its culture in vitro. Due to 
the lipid requirements, conventional laboratory techniques used for the identification of 
yeasts could not be applied to this fungus. Despite the description of numerous species, 
their accurate identification was not feasible, and the taxonomy of the genus remained a 
controversial subject for decades. The development of molecular techniques allowed the 
unequivocal separation of species, and then new laboratory methods were developed to 
characterize these taxa.

2.1.1  
 Isolation of Malassezia Yeasts from Humans and Animals and their Maintenance

The genus Malassezia, created by Baillon in 1889 [1] and also known under the generic name 
Pityrosporum created by Sabouraud in 1904 [2], comprises lipophilic and lipid dependent 
yeasts that require long chain fatty acid (C12 up to C24) supplementation to grow and survive. 
Slooff [3] in her overview of the history of the genus considered that Panja had been the first 
to obtain a culture of Malassezia on Petroff’s egg medium with 0.004–0.005% gentian violet 
[4, 5]. Shifrine and Marr [6] obtained cultures by adding several fatty acids, in particular oleic 
acid, to Sabouraud agar. These media, however, were disappointing, because growth was 
inconstant and resulted in rapid loss of cultures (see Chap. 1). Van Abbe [7] was more success-
ful when he recommended the complex medium created by Dixon. This Dixon’s agar (DA) is 
still in use, according to its original formula, or in a modified version (modified Dixon agar, 
mDA) as proposed by Midgley [8]. Next to DA, Leeming and Notman [9] proposed a medium, 
Leeming and Notham agar (LNA) that allowed growth of these nutrient-demanding microor-
ganisms. This medium, elaborated after testing the different compounds separately, allows for 
isolation and maintenance of all Malassezia yeasts. Therefore, it is now largely used by most 
researchers working with Malassezia yeasts. All these complex media contain Ox bile, but the 
LNA replaces Tween 40, used in the Dixon formula, by Tween 60. According to the assimila-
tion pattern of the 13 species presently described (Plates 2.1 and 2.2), Tween 60 seems to be 
more efficiently utilized, thus favoring growth of most species, whereas Ox bile, as demon-
strated by Japanese authors [10], is an essential, if not sufficient compound, for good growth 
of Malassezia yeasts. Even M. pachydermatis, the less demanding species, requires growth 
media that are enriched with peptone (i.e., Sabouraud medium), which contains short chain 
fatty acids. On such media, however, viability is lost rapidly, except if the culture is transferred 
regularly (about every month). Lorenzini and de Bernadis [11] showed that the addition of 
Tween 80 enhanced the isolation of M. pachydermatis from clinical materials significantly.

Malassezia yeasts belong to the normal cutaneous mycobiota of humans and animals, 
and the skin lipids most likely contain the nutrients required. The optimal growth 
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Plate 2.1   Key characteristics of Malassezia species, 1 M. pachydermatis T; 2. M. furfur T; 3.  
M. yamatoensis T; 4. M. sympodialis T; 5. M. caprae T; (6). M. dermatis (not drawn) T; 7. M. sloof-
fiae T; 8. M. japonica T; 9. M. nana T; 10. M. equina T; 11. M. obtusa T; 12. M. globosa T; 13.  
M. restricta T. The 13 species are arranged from the left to the right according to their decreasing 
physiological and biochemical capacities. : well, 2 mm diameter; top right Tween 20, clockwise 
Tween 40, 60, 80, Cremophor EL in the centre; : growth very weak or delayed secondary growth 
within the inhibition area after diffusion of the supplement (M. pachydermatis and M. japonica); 

: mild growth and growth of M. pachydermatis on GPA, apart of lipid supplements; : very 
good growth; : precipitate within the agar around the lipid supplements, -/***: absence of 
growth or colonies present only with recent isolates; Cat: catalase activity; ß-gl: ß-glucosidase 
activity; 40°C: growth at 40°C, T: type strain of the species

1. M. pachydermatis
Cat ±; ß-gl ±; 40°C +

2. M. furfur
Cat +; ß-gl ±; 40°C +

3. M. yamatoensis
Cat +; ß-gl -; 40°C -

4. M. sympodialis
Cat +; ß-gl +; 40°C +

5. M. caprae
Cat +; ß-gl +; 40°C -

6. M. dermatis
Cat -; ß-gl -; 40°C -

7. M. slooffiae
Cat +; ß-gl -; 40°C +

8. M. japonica
Cat +; ß-gl +; 40°C -

11. M. obtusa
Cat +; ß-gl +; 40°C -

12. M. globosa
Cat +; ß-gl -; 40°C -

13. M. restricta
Cat -; ß-gl -; 40°C -

9. M. nana 
Cat +; ß-gl +; 40°C -

10. M. equina
Cat +; ß-gl -; 40°C -

***/- 

***/- 

***/- 

***/- 
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Plate 2.2   Assimilation pattern of Malassezia species Tween 20 (with a mark), 40, 60, 80 and 
Cremophor EL supplementation. 1 M. pachydermatis (wild isolate from dog); 2 M. furfur; 3 M. 
yamatoensis; 4 M. sympodialis; 5 M. caprae; 6 M. dermatis (not shown); 7 M. slooffiae; 8 M. 
japonica; 9 M. nana; 10 M. equina; 11 M. obtusa; 12 M. globosa; 13 M. restricta. The 13 species 
are arranged from the left to the right according to their increasing lipid requirements
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temperature is around 32–34°C; thus, both characteristics seem sufficient to preclude their 
presence in the environment. Surprisingly, the two fastidious species M. globosa and 
M. restricta have been identified by PCR; unfortunately, however, they were not obtained 
in culture from substrates, such as nematodes, in forest soils in Germany [12], sand stone 
beneath a crustose lichen in Norway [13], soils of Antarctica Dry Valleys [14], and even 
from methane hydrate-bearing deep-sea marine sediments in he South China sea [15].

2.1.1.1  
 Isolation

Below we describe the methods and media used to isolate Malassezia yeasts.

2.1.1.1.1  
 Methods

The samples, collected from skin, scalp, nails, hair, blood, catheter, or any other human or 
animal source, are transferred as soon as possible onto one or the other selective media to avoid 
dehydration of the yeasts. During transportation, moisture must be maintained as high as pos-
sible, using for instance a plastic bag or box. The samples, distributed onto the selective media 
in 9 cm Petri dishes, are incubated in a moist environment at 32–34°C, for at least 2 weeks.

2.1.1.1.2  
 Selective Media

a) Sabouraud agar plus olive oil: Mix 20 g glucose, 10 g bacteriological peptone and 
10 mL virgin olive oil, 0.5 g chloramphenicol, 0.5 g cycloheximide in 1 L of deminera-
lised water, adjust pH to 6.0, and add 12–15 g agar. Heat to dissolve the agar. Sterilize 
by autoclaving at 120°C for 15 min and aliquot as required. Addition of other oils or 
fatty acids, such as oleic acid, can be tested using the same recipe.

b) Dixon agar (DA): Mix 60 g malt extract, 20 g dessicated ox bile (Oxgall, BD Difco), 
10 mL Tween 40, 2.5 g glycerol monooleate, 0.5 g chloramphenicol, 0.5 g cyclohexim-
ide in 1 L of demineralised water, adjust the pH to 6.0, and add 12–15 g agar. Sterilize 
by autoclaving at 115°C for 15 min, and aliquot as required.

c) Modified Dixon agar (mDA): Mix 36 g malt extract, 10 g bacteriological peptone, 20 g 
dessicated ox bile, 10 mL Tween 40, 2 mL glycerol, 2 g oleic acid, 0.5 g chlorampheni-
col, 0.5 g cycloheximide in 1 L of demineralised water, adjust the pH to 6.0, and add 
12–15 g agar. Dissolve the agar by heating and sterilize by autoclaving at 115°C for 
15 min, and aliquot as convenient.

d) Leeming and Notman agar (LNA): Mix 10 g bacteriological peptone (Oxoid), 0.1 g 
yeast extract, 5 g glucose, 8 g dessicated ox bile, 1 mL glycerol, 0.5 g glycerol monos-
tearate, 0.5 g Tween 60, 10 mL whole fat cow milk, 0.5 g chloramphenicol, 0.5 g cyclo-
heximide in 1 L of demineralised water, adjust the pH to 6.0, and add 12–15 g of agar. 
Sterilize by autoclaving at 110°C for 15 min, and aliquot as convenient.
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2.1.1.1.3  
 Remarks

1) For an exhaustive survey, the samples, either from humans or animals, must be inocu-
lated only onto a selective complex medium. Indeed, M. globosa, M. obtusa, and 
M. restricta are highly lipid-dependent, and a few isolates of primary cultures of 
M. pachydermatis do not grow on Sabouraud agar [16]. In clinical practice, the 
Sabouraud agar supplemented with olive oil, which can be prepared easily and rapidly, 
is not recommended because only M. furfur, M. pachydermatis and M. yamatoensis 
grow well on this medium [17].

2) Clinicians are also used to incubating Malassezia yeasts at 37°C, as this temperature is 
considered selective for pathogenic microorganisms. These yeasts, however, belong to 
the cutaneous mycobiota, and thus are ecologically adapted to a lower temperature. 
Because M. globosa, M. obtusa, and M. restricta, and also M. caprae and M. equina, 
which originated from animals, have a maximum growth temperature at 37°C [17, 18], 
the incubation temperature should never exceed 35°C, with an optimum between 32 
and 34°C. Malassezia yeasts do not survive temperatures below 28°C very long, so, 
materials obtained from collects must not be maintained in a refrigerator before cultur-
ing. Use of a high incubation temperature and the utilization of olive oil, which does not 
allow the growth of most species, may explain why the knowledge of the genus 
remained limited to a few species for so long.

3) For epidemiological surveys, cultures must be made onto Petri dishes rather than tubes, 
because the latter do not allow a good separation of colonies. In the same way, the dark 
Dixon agars facilitate visualization of any mixed growth of Malassezia species, or any 
skin sample contaminated by other micro-organisms, such as bacteria or Candida spp.

4) For surveys of Malassezia spp. on animals, it is recommended to double the concentra-
tion of antibiotics and to use only selective media, because animal fur or/and skin are 
covered by a large quantity of micro-organisms. Besides, some isolates of M. pachyder-
matis have been shown to be lipid-dependent [16], and it is now well recognized that 
the veterinary Malassezia mycobiota are no longer limited to this unique species.

2.1.1.2  
 Maintenance of Cultures

Purified Malassezia isolates can be maintained on slant cultures in an incubator with a 
moist environment between 30 and 32°C. Cultures do not survive at room temperature 
very long. In routine work, they must be transferred on fresh medium every two months, 
but this may be one month for M. obtusa and M. restricta.

With the exception of the fastidious species M. globosa, M. obtusa and M. restricta, the 
other species can be preserved by lyophilisation. Probably, all species may survive freez-
ing at −80°C ([19], Guého unpublished data).

a) Lyophilization: Cells of 4–5-day-old cultures of Malassezia spp. are suspended in liq-
uid Dixon medium supplemented with 15% glycerol, and lyophilizates are stored in a 
refrigerator at 4°C.
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b) Freezing −80°C: Cells of 4–5-day-old cultures of all Malassezia spp. are suspended in 
liquid mDixon medium supplemented with 15% of glycerol and aliquoted by 1 mL into 
2 mL freezing Eppendorf tubes. Where possible, tubes are cooled down by −1°C per 
min in a progressive freezer up to −80°C, and are then stored at −80°C. To revive the 
yeasts, tubes are melted in a 37°C water bath, centrifuged to eliminate the medium, and 
subcultured by spreading the cells sparsely onto DA, mDA or mLNA medium.

c) Liquid nitrogen: Maintenance in liquid nitrogen was found to be the most satisfactory 
method of preservation for M. pachydermatis [20]. Therefore, it may be interesting to 
investigate this method of preservation for the lipid-dependent species as well.

2.1.2  
 Identification of Malassezia Yeasts Using Routine Laboratory Methods

After the species had been recognized by means of rRNA sequencing [21], it became 
possible to recognize their morphological, biochemical and physiological characteris-
tics [22–26]. The subsequent description of an additional 6 species (M. caprae, M. der-
matis, M. equina, M. japonica, M. nana, and M. yamatoensis) gave the opportunity to 
update this protocol [17], which now includes the characterization of urease -,  catalase -, 
and b-glucosidase activities, growth at 37°C and 40°C, and the capability to grow with 
five water soluble lipid supplements, namely Tweens 20, 40, 60, 80 and Cremophor EL 
(castor oil).

2.1.2.1  
 Characterization of Urease Activity Using Bacto Urea Broth

Malassezia yeasts belong to Basidiomycota (see Chap. 2.2) which, in contrast to 
Ascomycota, are capable of hydrolysing urea. With Malassezia yeasts, this test is not used 
to separate species but rather to eliminate cultures that are contaminated by bacteria or 
ascomycetous yeasts, such as Candida spp. which are quite common on the skin. All 
Malassezia yeasts give a positive staining diazonium blue B reaction (DBB) [17, 27], but 
the urease test is easier to perform and provides more reliable information. The DBB stain-
ing reaction is described, with all other laboratory techniques, in the 5th edition of “The 
Yeasts, a taxonomic study” [28].

2.1.2.1.1  
 Method

A loopful of cells from 4- to 5-day-old cultures are suspended in urea broth and incubated 
at 37°C, irrespective of whether the yeast can grow at this temperature. The urease expres-
sion gives a bright pink to violet coloration. The reaction can be read after 1–4 h of incuba-
tion, or after 24 h in case of a doubtful reading. Any isolate giving a yellow color can be 
eliminated, or must be further purified if possible.



24 E. Guého-Kellermann et al.

2.1.2.1.2  
 Medium

Difco Bacto Urea R Broth is dissolved in sterile demineralised water and aliquoted asepti-
cally into 0.5 mL volumes in tubes. The tubes can be stored in a freezer for up to 6 months. 
The ready-made urea-indole medium (bioMérieux) can be used as well.

2.1.2.1.3  
 Remark

The reaction may give a doubtful reading on solid medium, such as Christensen’s urea 
agar (numerous strains of M. pachydermatis missing an urease activity on this medium 
were observed by A. Velegraki, unpublished data).

2.1.2.2  
 Characterization of the Catalase Activity Using Hydrogen Peroxide

This test is commonly used in bacteriology as a first step in identification. It appeared to be 
useful within the genus Malassezia as well.

2.1.2.2.1  
 Method

Catalase activity of Malassezia yeasts is determined by adding a drop of hydrogen perox-
ide onto a culture smear on a glass slide or in a small seeded glass tube. The enzyme cata-
lyzes the decomposition of peroxides formed during oxidation reactions. A positive result 
is indicated by effervescence, caused by the liberation of free oxygen. It is recommended 
to use only glass for this test in order to avoid doubtful results.

2.1.2.2.2  
 Reagent

The test is performed using 10–20% (vol. instead P% in France) hydrogen peroxide or the 
commercial reagent ID color Catalase (bioMérieux), which makes the reaction easier to 
read and more stable, owing to the presence of a thickener.

2.1.2.3  
 Characterization of b-Glucosidase Activity Using the Esculin Medium

Certain Malassezia species possess a b-glucosidase that is able to hydrolyse the glucosidic 
bond of esculin, thus liberating glucose and esculetin. The phenol moiety reacts with the 
iron to give a black color.
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2.1.2.3.1  
 Method

The esculin medium in tubes is inoculated by stabbing the yeast culture centrally into the 
medium using a platinum wire, and is incubated at 37°C, irrespective of whether the yeast 
can grow at this temperature. There is no need to screw the cap down tightly. Examine 
daily for 5 days. A positive reaction is indicated by blackening of the medium, whereas 
absence of blackening indicates lack of b-glucosidase activity.

2.1.2.3.2  
 Media

Esculin agar (EA) Mix 10 g bacteriological peptone, 1 g ferric ammonium citrate, 1 g 
esculin per 1 L demineralised water, adjust the pH to 7.4, and add 15 g agar. Dissolve by 
heating and distribute in 6 mL volumes in tubes. Sterilize by autoclaving at 115°C for 
15 min. Store at 2–6°C for 2 years.

2.1.2.3.3  
 Remarks

1) The esculin medium may be used directly in Petri dishes, but then the reaction can be 
slower, thus resulting in doubtful answers.

2) The ready-made Esculin Iron Agar (esculin 0.1 g, ferric ammonium citrate 0.5 g, agar 
15 g, demineralised water 1 l) (Fluka) can been used as well, but with addition of 1% 
peptone. Furthermore, the esculin concentration is lower in this latter medium, and such 
differences in the composition of esculin media can explain discrepancies in results 
obtained.

3) Japanese authors [29, 30] have combined the esculin test to a growth medium (Tween 
60-esculin agar), but this ready-made medium does not allow good reading of the 
b-glucosidase activity and may also increase the cost of identification.

4) Commercial bacteriological esculin tubes (bio-Rad) can be used as well, but may 
increase the cost.

2.1.2.4  
 Growth at 37°C and 40°C

Subcultures are incubated using one or the other selective medium at 37 and 40°C to get 
supplementary key characteristics.

2.1.2.4.1  
 Remark

Growth at 37°C may give doubtful responses, since several species are limited to this tem-
perature, as indicated above.
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2.1.2.5  
 Utilization of Tweens 20, 40, 60, 80, and Cremophor EL (see Scheme 2.1 and Plates 2.1 and 2.2)

Lipophilic and lipid-dependent Malassezia yeasts require complex media that are enriched 
with lipids. These particular requirements were found to be useful to separate species [25, 
26]. Strains are tested for their capacity to grow on Sabouraud agar (GPA), separately 
supplemented with Tweens 20, 40, 60, 80, and Cremophor EL (CrEL or castor oil) as an 
unique lipid source. These five water-soluble compounds can be tested together, using 
their capacity to diffuse into a solid basic medium. Many insoluble lipids have been tested, 
but so far without improving the identification.

2.1.2.5.1  
 Methods

Two loops of a 4–5-day-old Malassezia culture are suspended in 3.0 mL of sterile demin-
eralised water. This inoculum is added to 18 mL of a molten Sabouraud agar maintained at 
50°C, and the mixture is poured immediately in a 9-cm Petri dish (Scheme 2.1). After 
complete solidification, wells are made with a 2-mm diameter punch, 4 devoted to test the 
growth using Tweens 20, 40, 60 and 80 clockwise around, with a mark to indicate the posi-
tion of Tween 20, and a fifth hole in the center to test growth with Cremophor EL. The 
wells are filled with approximately 15 mL of each product (Sigma), which are not sterilized 
but aliquoted in 2 mL Eppendorf tubes. The dishes are incubated for 7–10 days (for good 
pictures) at 32–34°C in a moist environment, and turned upside down on the second day to 
delay their dehydration.

Scheme 2.1   Method to evaluate growth of Malassezia spp. with the five individual lipid supplements
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2.1.2.5.2  
 Medium

a) Glucose-peptone agar (GPA) (also named Sabouraud agar (SA)). Mix 20 g glucose and 
10 g bacteriological peptone in 1 L of demineralised water, adjust the pH to 6.0, and add 
18 g agar. Heat to dissolve the agar, distribute in 18 mL-volumes in tubes and sterilize 
by autoclaving at 120°C for 15 min.

2.1.2.5.3  
 Remarks

1) To avoid any contamination, 0.5 g cycloheximide per L can be maintained in SA. The 
assimilation patterns can be scanned, but then the wells are filled with Tween supple-
ments counter-clockwise. For pictures, always add a black sheet as bottom or cover, 
when camera or scanner are used, respectively.

2) Using the diffusion method, each soluble lipid supplement gives a concentration gradi-
ent, which, consequently, may provide supplementary information. Indeed, growth can 
start close to the well with a high concentration of the supplement, thus giving a full 
disk of colonies (i.e., M. furfur, M. slooffiae) (Scheme 2.1, Plates 2.1-2, 7 and 2.2-2, 7). 
In contrast, growth may appear mainly at some distance from the well after dilution of 
the supplement, resulting in a ring of colonies (i.e., Tween 20 of M. japonica, the type 
strain of M. nana, and M. equina) (Plates 2.1 and 2.2. 8, 9 and 10, respectively). Growth 
can also start at some distance from the well after diffusion of the supplement, but with 
secondary growth progression back towards the well, resulting in complete or incom-
plete centripetal growth (i.e., Tween 20 of M. caprae, M. dermatis, M. sympodialis, or 
M. yamatoensis; see also Tween 20 of M. sympodialis in Fig. 2.4f). Then supplements 
can generate a neat inhibition area, and later, a secondary growth zone within this area 
(i.e., Tween 20, 40, and Cr EL of M. pachydermatis or Tween 40 of M. japonica) 
(Fig. 2.1f, Plates 2.1-1, 8 and 2.2-1, 8).

3) Since the first description of a practical method to identify Malassezia yeasts [25], sev-
eral improvements have been suggested, including assimilation of Cremophor EL and 
characterization of b-glucosidase activity [17, 22, 24, 26, 31]. However, the addition of 
six new species (viz. M. caprae, M. dermatis, M. equina, M. nana, M. japonica and 
M. yamatoensis) resulted in similar physiological patterns of several Malassezia spe-
cies, and thus in a doubtful identification, e.g., of isolates belonging to M. caprae and 
M. nana [17]. In these cases, the identification should be confirmed by sequence analy-
sis of the D1/D2 domains of the LSU rRNA gene and/or the ITS1+2 regions, in order 
to reduce the risk of misidentifications (see Chap. 3.1). Furthermore, attention should 
be given to the source of such isolates, whether human or animal, as well as their pre-
cise location on them.

4) The Japanese system of identification [29, 30] requires, after the catalase test with 3% 
hydrogen peroxide has been performed, subculturing of the isolate on several expensive 
media (CHROMagar-Malassezia, SDA, Cremophor EL agar, Tween 60-esculin Agar). 
Moreover, this system needs to be evaluated with all currently known species, and 
additional isolates from various sources for each of them.
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2.1.3  
 Biodiversity of Malassezia Yeasts

Characteristics of all species have been re-evaluated for the 5th edition of “The yeasts: a 
taxonomic study” [17]. In this book, species are systematically arranged alphabetically [32]. 
In this chapter, we list them according to their decreasing biochemical and physiological 
capabilities as shown in Plates 2.1 and 2.2. This option somewhat parallels the chronological 
order of discovery, since the oldest described species are not too demanding in their grow 
requirements (i.e., M. furfur, M. pachydermatis and M. sympodialis). Urease and DBB stain-
ing reactions are positive for all species, and thus these characteristics are not further included. 
Similarly, all species can be considered to have a co-enzyme Q system with nine isopre-
nologs, i.e., CoQ-9 [33], even though this has not yet been investigated for all species [17].

2.1.3.1  
 Malassezia pachydermatis (Weidman) Dodge (1925)

This species, isolated for the first time by Weidman in 1925 [35] from a captive Indian 
rhinoceros, was described as Pityrosporum pachydermatis and transferred to the genus 
Malassezia by Dodge in 1935 [34]. In contrast to similar organisms observed in scales of 
PV or pityriasis capitis, M. pachydermatis was able to grow on regular rich media. 
Unfortunately, the original strain isolated by Weidman was not preserved. In 1955 
Gustafson described Pityrosporum canis from the ear of a healthy dog [36]. For years, its 
synonymy with the previously described species P. pachydermatis remained uncertain, but 
molecular approaches, such as analysis of mol% G+C, nuclear DNA/DNA reassociation 
experiments, and rRNA or rDNA sequence comparisons, applied to isolates from various 
sources, in particular, five captive Indian rhinoceros, allowed to validate the species name 
M. pachydermatis [37]. However, the species was also found to be genetically heteroge-
neous and in the course of evolution, probably due to adaptation to their hosts [38, 39].

2.1.3.1.1  
 Neotype Strain

CBS 1879, isolated from otitis externa in dog. Because the original culture of Pityrosporum 
pachydermatis [35] has not been preserved, the strain CBS 1879, which had been depos-
ited as the type strain of Pityrosporum canis [36], was selected as neotype of M. pachyder-
matis, when it was demonstrated that both old names were synonyms [23, 37].

2.1.3.1.2  
 Morphological Characteristics

After growth at 32°C on mDA on SA for 7 days, single colonies (Fig. 2.1a) are convex, 
4–5 mm in diameter, butyrous to brittle, somewhat shiny, pale yellowish-cream, and with 
an entire, straight or somewhat undulating margin. A few isolates from dogs were found to 
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be lipid-dependent with smaller colonies [16], and belonged to the same sequevar d [21, 38]. 
An unusual pink isolate from civet (GM 439) clustered as sequevar a with strains from dogs, 
including neotype strain CBS 1879, and all strains from humans [21]. Cells are ellipsoidal to 

Fig. 2.1   M. pachydermatis. (a) Convex colonies with an entire margin; (b) ovoid Gram stained 
yeasts in dog ear cerumen (picture by the courtesy of Guillot); (c–e), Nomarski’s and SEM micro-
graphs showing ovoid to short cylindrical yeast cells with a broad budding site; (e), notice the 
helicoidal structure of the cell wall; (f), details of Cr EL and Tween 40 utilization showing second-
ary growth within the inhibitory areas
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short cylindrical, 4–5 × 2–2.5 mm, with monopolar budding on a broad base (Fig. 2.1b–e). 
Filaments were never observed in this species.

2.1.3.1.3  
 Physiological and Biochemical Characteristics

All isolates grow at 37 and 40°C. Differences in catalase and b-glucodidase expression, 
and Tweens 20, 40, 60, 80 and Cremophor EL (CrEL) growth reactions occur in all rDNA 
genotypes. For instance, the neotype strain CBS 1879 presents growth inhibition with 
Tweens 20, 40 and CrEL (Fig. 2.1f and Plate 2.1-1), with secondary growth within this 
inhibitory area after diffusion of these supplements [40]. Strains from dogs display three 
sequevar types, namely sequevar a, including the type strain and all human isolates, and 
sequevars d and e. With the latter type, only CrEL shows an inhibitory area (Plate 2.1-1). 
Other isolates may be not inhibited by any of the five supplements, but more experiments 
are needed to determine whether or not, these differences are stable strain characteristics.

2.1.3.1.4  
 Ecology

Malassezia pachydermatis is a lipophilic, but not a highly lipid-dependent species [3, 41, 
42]. The species is most often associated with animals, particularly ears, and/or healthy or 
lesional skin of canines, but has also been isolated from numerous other animals [43, 44]. 
Its prevalence in rhinoceroses was confirmed several times [21, 37, 45, 46], but is probably 
largely underestimated in animals other than cats, dogs and rhinoceroses (see Chaps. 3.3 
and 10). M. pachydermatis can be isolated from human blood and sputum, and is impli-
cated in infections of neonates, under parenteral alimentation enriched by lipids. However, 
its presence on humans is transitory and the source of these infections may be linked to pet 
animals [47–49].

2.1.3.2  
 Malassezia furfur (Robin) Baillon (1889)

Because neotype cultures corresponding to the old names Malassezia furfur and P. ovale 
proved to be synonymous, the former name is maintained as the generic type species [23].

2.1.3.2.1  
 Neotype Strain

The strain CBS 7019, isolated from PV scales on the trunk of a 15-year-old girl in Finland, 
is considered as the neotype strain of this species. CBS 1878, however, has also been 
designated as neotype, but this strain originally represented P. ovale (Bizzozero) Castellani 
and Chalmers [50], a fungus that was regularly seen in scales of pityriasis capitis.
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2.1.3.2.2  
 Morphological Characteristics

After 7 days at 32°C on mDA, single colonies (Fig. 2.2a) are 4–5 mm in diameter, dull, 
umbonate or slightly folded, butyrous to friable, smooth, with a convex elevation and an 
entire to slightly lobate margin. Colony texture is soft and the cells are easy to emulsify. 

Fig. 2.2   M. furfur. (a) Umbonate colonies with a slightly lobate margin; (b) Gram stained ellipsoi-
dal yeasts and pseudohyphae of a spontaneously filamentous strain; (c–d), Nomarski’s and SEM 
micrographs, respectively showing the ellipsoidal yeasts of CBS 7019; (e–f), Nomarski’s and 
SEM micrographs, respectively showing the cylindrical yeasts of CBS 1878
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Cells are variable in size and shape, cylindrical to ovoid, 2.5–8 × 1.5–3 mm (Fig. 2.2b–f), or 
globose, 2.5–5 mm in diameter, with percurrent budding on a more or less broad base. 
Pseudohyphae may be occasionally produced in some cultures (Fig. 2.2b) and, if present, 
this feature seems to be a stable strain character. Pseudohyphae may also occur after cul-
turing under appropriate medium conditions (see Chap. 2.3).

2.1.3.2.3  
 Physiological and Biochemical Characteristics

Malassezia furfur can routinely be identified by its capacity to grow up to 41°C, a strong 
catalase reaction, a more or less marked b-glucosidase activity (but in contrast to M. sym-
podialis this never turns very dark after 24 h incubation at 37°C), and shows more or less 
equal growth in the presence of four Tweens and CrEL (Note: growth for the latter sup-
plement may be somewhat weaker) as sole sources of lipid (Scheme 2.1, Plates 2.1-2 and 
2.2-2). M. furfur has an essential requirement for olive oil or oleic acid for growth on 
malt or Sabouraud agars, but the species is only mildly lipid-dependent, as any lipid 
supplement is sufficient for its growth [22]. Furthermore, all lipid supplements used for 
Malassezia identification are assimilated similarly. On the contrary, only a few species 
are able to grow well with oleic acid or olive oil as lipid supplementation, namely 
M. furfur and M. pachydermatis and, to a lesser extent, M. japonica and M. yamatoensis 
[17]. Optimum temperature for growth is near 34°C, but good growth occurs at 37°C, 
and the maximum temperature for growth is 41°C. Species-specific characteristics are 
rather stable for this species. However, a few atypical variants may occur, such as iso-
lates that grow well with Tween 80 only [51] or fail to grow with CrEL [8, 52]. These 
atypical isolates need further studies with molecular methods. M. furfur is one of the 
most robust lipid dependent species, and its growth is merely induced by an amino nitro-
gen in combination with a lipid source [26]. In contrast to M. globosa, M. obtusa, 
M. restricta, M. slooffiae and M. sympodialis, M. furfur is able to utilize glycine as nitro-
gen source [53]. Salkin and Gordon [54] examined fresh isolates of Malassezia (reported 
as Pityrosporum) species with globose, ovoid to cylindrial cells and different fatty acid 
requirements, and they suggested that P. ovale and P. orbiculare were both synonymous 
with M. furfur. However, in this pre-DNA era it was impossible for the authors to recog-
nize that they were dealing with different taxa. This proposed synonymy was maintained 
by Yarrow and Ahearn [55]. Unfortunately, the original type material and isolates desig-
nated as P. orbiculare on the basis of cell shape and inability to grow on oleic acid were 
not preserved. Therefore, in the taxonomic revision [23], it was proposed to consider 
P. orbiculare as a doubtful species, which may represent a probable synonym of M. glo-
bosa and not M. furfur.

2.1.3.2.4  
 Ecology

Malassezia furfur is known from various hosts and body sites. In humans, it has been iso-
lated from scalp, face, dandruff, arms, legs, urine, blood, hair, nails, eyes, and the nasal 
cavity. The high temperature tolerance of M. furfur, contrary to M. globosa, could explain 
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why M. furfur is more frequently isolated from pityriasis versicolor (PV) in warmer cli-
mates [17, 48]. The species has also been detected from a hospital floor [56], and occasion-
ally from cats [57, 58], dogs [59], horses [60], cows, asymptomatic or with otitis [61, 62], 
and bats [63]. However, more veterinary surveys will be necessary to fully evaluate the 
prevalence of Malassezia lipid-dependent species on animals.

2.1.3.3  
 Malassezia yamatoensis Sugita, Tajima, Takashima, Amaya, Saito, Tsuboi & Nishikawa (2004)  

2.1.3.3.1  
 Type Strain

CBS 9725 (JCM 12262), isolated from a nose lesion of a seborrheic patient [64].

2.1.3.3.2  
 Morphological Characteristics

After 7 days at 32°C on mDA, single colonies (Fig. 2.3a) are flat to convex, 3–4 mm in 
diameter, butyrous, shiny, pale yellowish-cream, smooth, and with an entire, somewhat 

Fig. 2.3   M. yamatoensis. (a) Convex colonies with a slightly folded and undulate margin; (b–d) 
Nomarski’s and SEM micrographs showing short cylindrical yeasts and their broad budding sites
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undulating margin. Cells are ovoid to short cylindrical, 3–4 × 2.4–3 mm, with monopolar 
budding on a broad base (Fig. 2.3b–d).

2.1.3.3.3  
 Physiological and Biochemical Characteristics

Malassezia yamatoensis can be identified by its capacity to grow at 37°C, but not at 40°C, a 
strong catalase reaction and lack of b-glucosidase activity. These characteristics distinguish 
the species from M. sympodialis. Equal growth that progresses centripetally appears in the 
presence of all four Tweens, and a more or less marked growth occurs with CrEL (Plates 2.1-3 
and 2.2-3).

2.1.3.3.4  
 Ecology

Malassezia yamatoensis seems to be a rare species, which has been reported from humans 
with atopic or seborrheic dermatitis, and more rarely from healthy individuals [64].

2.1.3.4  
 Malassezia sympodialis Simmons & Guého (1990)

2.1.3.4.1  
 Type Strain

CBS 7222, isolated from the auditory tract of a healthy 33-year-old male [65]. M. sympo-
dialis corresponds to M. furfur serovar A as previously recognized [66].

2.1.3.4.2  
 Morphological Characteristics

After 7 days at 32°C, single colonies (Fig. 2.4a) are flat to somewhat elevated in the center, 
approximately 6–8 mm in diameter, pale cream to yellowish-brown, shiny, smooth, buty-
rous, and with an entire or finely folded margin. The cells are ovoid to globose, 2.5–4.0 x 
1.5-3.5 mm (Fig. 2.4b–e), with enteroblastic, percurrent, monopolar budding, and with 
buds that may emerge sympodially from a relatively narrow base. Cultures of fresh isolates 
on mDA develop crystal precipitates in the agar, diffusing around the colonies and resem-
bling eventual contaminations. This phenomenon is common to other species related to 
M. sympodialis [67], namely M. dermatis, M. caprae, M. equina, and M. nana, and also 
M. globosa. This precipitate in the culture medium is different from the white precipitate 
that usually surrounds Tween 40 and 60 in the testing dishes, even in the absence of growth 
(Plate 2.1 and 2.2). There are conflicting reports on the ability of the species to form fila-
ments in culture. According to some workers, M. sympodialis is able to form filaments 
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Fig. 2.4   M. sympodialis. (a) Flat colonies that are smooth and slightly elevated in the center with a 
finely folded margin; (b–e) Nomarski’s and SEM micrographs showing ovoid to globose yeasts; 
(d) regular clover leaf configuration of cells, which is a typical feature of this species; (e) germina-
tion tube showing the helicoidal structure of the cell wall; (f) growth with Tween 20 that progresses 
centripetally, but is still incomplete towards the well after 4 days of incubation
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in vitro on a complex medium [68]. Cultures of this species usually do not display any 
hyphae, although short filaments could occasionally be observed in the type culture using 
scanning electron microscopy (Fig. 2.4e).

2.1.3.4.3  
 Physiological and Biochemical Characteristics

Malassezia sympodialis can be identified by its capacity to grow at 40°C, a catalase reac-
tion and a strong b-glucosidase activity (note: the reaction is getting dark already after 24 h 
incubation at 37°C), and good growth in the presence of all four Tweens, but growth is 
absent with CrEL (Plates 2.1-4 and 2.2-4). The disk of colonies around Tween 20 is often 
wider than that obtained with the three other Tweens, but growth starts at some distance 
from the well after diffusion of the compound and progresses centripetally, thus remaining 
after a few days’ incubation as a zone of incomplete growth near the well (Fig. 2.4f). With 
CrEL, growth is usually absent, but fresh isolates can develop a ring of tiny colonies, or 
they show a white precipitate only, which occurs at some distance from the well (Plates 2.1-4 
and 2.2-4).

2.1.3.4.4  
 Ecology

Malassezia sympodialis is an inhabitant of healthy human skin. In particular, it occurs on 
the back and chest, but also at other body areas, such as the auditory tract [65]. The species 
has also been isolated from human PV [21, 23, 69, 70] and occasionally from healthy 
feline skin [57, 71–73], goats [60], cows [61] and bats [63].

2.1.3.5  
 Malassezia caprae Cabañes & Boekhout (2007)

2.1.3.5.1  
 Type Strain

CBS 10434 (MA 383), isolated from healthy skin of goats, Barcelona, Spain [18].

2.1.3.5.2  
 Morphological Characteristics

After 7-10 days at 32°C on mDixon agar, single colonies (Fig. 2.5a) are small, 1–2 mm in 
diameter, whitish to cream-colored, smooth, glistening or dull, butyrous, and moderately 
convex with an entire to lobate margin. Cells are globose, somewhat rhomboidal or ovoid, 
2.5–4 × 2.2–3.5 mm, with buds emerging from a narrow to moderately broad base 
(Fig. 2.5b–d). Hyphae have not been observed.
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2.1.3.5.3  
 Physiological and Biochemical Characteristics

Malassezia caprae can be identified by lack of growth at 40°C, weak growth at 37°C, pres-
ence of a catalase reaction, b-glucosidase activity, and good growth in the presence of four 
Tweens. Growth may be somewhat weaker with Tween 80, and delayed centripetal growth 
with Tween 20 is observed to be similar to that of M. sympodialis (Plates 2.1-5 and 2.2-5). 
This species belongs to the cluster of species related to M. sympodialis [67]. It can be dif-
ferentiated from the latter species by growth that is limited at 37°C. M. slooffiae is charac-
terized by a weak and restricted growth with Tween 80, but the latter species, in contrast to 
M. caprae, is able to grow at 40°C and does not split esculin. M. caprae does not grow with 
CrEL, but can develop a weak precipitate with this nutriment (Plate 2.1-5).

2.1.3.5.4  
 Ecology

Malassezia caprae is so far only known from the healthy skin of goats and horses [18].

Fig. 2.5   M. caprae. (a) Convex to umbonate colonies with a finely folded to undulate margin; 
 (b–d), Nomarski’s and SEM micrographs of ovoid to slightly rhomboidal (b) yeasts showing a 
quite narrow budding site, and the corrugate helicoidal feature of the cell wall (d)
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2.1.3.6  
 Malassezia dermatis Sugita, Takashima, Nishikawa & Shinoda (2002)

2.1.3.6.1  
 Type Strain

CBS 9169 (JCM 11348), isolated from skin lesions of a patient with atopic dermatitis, 
Tokyo, Japan [74].

2.1.3.6.2  
 Morphological Characteristics

After 7 days at 32°C on mDixon agar, single colonies (Fig. 2.6a) are 5–6 mm in diameter, 
flat to somewhat apiculate centrally, butyrous, shiny to dull, pale yellowish-white, and 
with an entire or finely folded margin. Cells are globose, ovoid or ellipsoidal, 3.8–4.8 × 2.5–

Fig. 2.6   M. dermatis. (a) Flat colonies which are slightly elevated in the center and have a folded 
margin (note the typical precipitate within the agar around the colonies); (b–d) Nomarski’s and 
SEM micrographs of ovoid to globose yeasts resembling those of M. sympodialis. (d) The ovoid 
yeast shows a regular helicoidal feature of the cell wall
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3.2 mm, with monopolar, eventually sympodial budding on a moderately broad base 
(Fig. 2.6b–d). The species is not known to produce any filaments.

2.1.3.6.3  
 Physiological and Biochemical Characteristics

Malassezia dermatis can be identified by lack of growth at 40°C, and lack of both catalase 
and b-glucosidase reactions. The former test appears contradictory with the original 
description in which it was given as positive [74], and the latter is absent in this original 
description but was confirmed by Kaneko et al. to be negative [29, 30].

Growth occurs with all four Tweens. Growth with Tween 80 may be weaker, similar to 
that of M. caprae, and is absent with CrEL (see M caprae in Plates 2.1-5 and 2.2-5). As 
this assimilation pattern may look similar to that of M. sympodialis or M. caprae, which 
may have the same delayed centripetal growth with Tween 20, the absence of the two 
enzymes clearly differentiate M. dermatis from the other two species. M. restricta is the 
only other lipid-dependent species that lacks both catalase and b-glucosidase activities, but 
this species grows only on complex media, including several lipid compounds.

2.1.3.6.4  
 Ecology

Malassezia dermatis was first isolated from skin lesions of a few patients with atopic der-
matitis [74]. It has also been isolated from 19 out of 160 healthy volunteers in Korea [75]. 
Contrary to the reported catalase positive reaction in the two corresponding papers [74,  75], 
the three strains, including the type CBS 6169, examined for this work and the 5th edition 
of “The Yeasts, a taxonomic study” were found to have a catalase negative reaction [17]. 
The molecular identification is more trustable than the routine laboratory techniques, but it 
is important to control carefully all characteristics. Indeed a strain, growing with the four 
Tweens but unable to give a catalase reaction, can only be M. dermatis.

2.1.3.7  
 Malassezia slooffiae Guillot, Midgley & Guého (1996)

2.1.3.7.1  
 Type Strain

CBS 7956 (JG 554), isolated from skin of the ear of a pig [23].

2.1.3.7.2  
 Morphological Characteristics

After 7 days at 32ºC on mDixon agar, single colonies (Fig. 2.7a) are flat or somewhat 
raised, 3–4 mm in diameter, shiny, pale yellowish-brown, butyrous, with a somewhat 
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roughened surface and a finely folded margin. The cells are short, cylindrical, 1.5–4 × 1–2 mm, 
and budding is monopolar, percurrent and occurs on a broad base (Fig. 2.7b–d). The spe-
cies is not known to produce any filaments.

2.1.3.7.3  
 Physiological and Biochemical Characteristics

Malassezia slooffiae can be identified by its capacity to grow at 40°C, and shows a catalase 
reaction, but b-glucosidase activity is absent. The key characteristic is that growth with 
Tween 80 is always weak and restricted in comparison to the equal growth obtained with 
the other three Tweens, and growth with CrEL is absent (Plates 2.1-7 and 2.2-7).

2.1.3.7.4  
 Ecology

The species is found in low frequency on healthy or lesioned human skin, usually in associa-
tion with M. sympodialis, M. furfur, M. globosa or M. restricta [23]. M. slooffiae is also com-

Fig. 2.7   M. slooffiae. (a) Flat to slightly apiculate colonies with a regularly folded margin; (b–d), 
Nomarski’s and SEM micrographs of short cylindrical yeasts with a wide and more or less marked 
budding site
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monly isolated from animal skin, especially that of pigs [43], and also from cats [76, 77], 
cows [61] and goats [78]. 

2.1.3.8  
 Malassezia japonica Sugita, Takashima, Kodama, Tsuboi & Nishikawa (2003) 

2.1.3.8.1  
 Type Strain

CBS 9431 (JCM 11963), isolated from a healthy Japanese woman [79].

2.1.3.8.2  
 Morphological Characteristics

After 7 days at 32ºC on mDixon agar, single colonies (Fig. 2.8a) are 2–3 mm in diameter, 
flat to slightly wrinkled, dull, pale yellowish-cream, butyrous to somewhat brittle, and with 

Fig. 2.8   M. japonica. (a) Flat to slightly wrinkled colonies with a slightly undulate margin; (b–d) 
Nomarski’s and SEM micrographs of short cylindrical yeasts with a wide and more or less marked 
budding site
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a straight to somewhat undulate margin. Cells are short cylindrical, 3.0–3.5 × 2.0–2.5 mm, 
with monopolar budding on a broad base (Fig. 2.8b–d). Filaments have not been 
observed.

2.1.3.8.3  
 Physiological and Biochemical Characteristics

This species grows at 37°C, but not at 40°C. The catalase reaction is strong, and the spe-
cies is able to split esculin due to b-glucosidase activity. Only Tweens 60 and 80 are well 
assimilated, whereas Tween 20 gives a neat ring of colonies at some distance of the well 
after diffusion of the compound, and Tween 40 is very weakly assimilated at some distance 
from the well or within the inhibitory area after diffusion of the compound. CrEL is weakly 
assimilated, but more often only a reactive precipitate appears around the well containing 
this compound (Plates 2.1-8 and 2.2-8).

2.1.3.8.4  
 Ecology

Malassezia japonica has been reported from healthy human skin and from the skin of 
atopic dermatitis patients [79]. The species is not known from another source yet.

2.1.3.9  
 Malassezia nana Hirai, Kano, Makimura, Yamaguchi & Hasegawa (2004) 

2.1.3.9.1  
 Type Strain

CBS 9557 (JCM 12085), isolated from a cat with otitis externa in Japan [80].

2.1.3.9.2  
 Morphological Characteristics

After 7 days at 32°C on mDixon agar, single colonies (Fig. 2.9a) are 1.5–2 mm in diameter, 
cream to yellow, convex, shiny to dull, smooth, butyrous, and have an entire to narrowly 
folded margin. The cells are ovoid to globose, 3.0-4.0 x 2.0-3.0 mm, with monopolar bud-
ding on a relatively narrow base (Fig. 2.9b–d). The species is not known to produce any 
filaments.
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2.1.3.9.3  
 Physiological Characteristics

Malassezia nana grows at 37°C, but this is also the maximum temperature for this species, 
and, hence, growth at 40°C is absent. Catalase and b-glucosidase activities are present. 
Hirai et al. [80] reported in their description the absence of this latter activity, but we 
believe that this might have resulted from the technical procedure applied by these authors 
(see above 2.1.2.3). Tweens 40, 60 and 80 are well assimilated, whereas Tween 20,  gives 
a neat ring of colonies at some distance of the well after diffusion of the compound simi-
larly to M. equina and M. japonica [81]. CrEL is not utilized (Plates 2.1-9 and 2.2-9). 
Surprisingly, strains originating from cattle give a complete disk of growth around Tween 
20, making the separation with M. caprae impossible with the routine methods only. 
Filaments were not observed.

Fig. 2.9   M. nana. (a) Small, umbonate colonies which are surrounded by a precipitate within the 
agar; (b–d) Nomarski’s and SEM micrographs of ovoid yeasts with a rather narrow budding site
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2.1.3.9.4  
 Ecology

Malassezia nana is known from healthy cats [77], cats with otitis externa, healthy cows or 
those with otitis [80].

2.1.3.10  
 Malassezia equina Cabañes & Boekhout (2007)

2.1.3.10.1  
 Type Strain

CBS 9969 (MA 146), isolated from healthy anal skin of a horse [18]. This species corre-
sponds to the species that was isolated previously from horse, which was tentatively named 
M. equi by Nell et al. [82], but without providing a valid description, and thus rendering 
this latter name, invalid.

2.1.3.10.2  
 Morphological Characteristics

After 7 days at 32°C on mDixon agar, single colonies (Fig. 2.10a) are 2–3 mm in diam-
eter, cream-colored, glistening to dull, butyrous, wrinkled, and with a folded to fringed 
margin. Crystal precipitates surround the colonies, as was also observed with M. sympo-
dialis and M. dermatis. Cells are ovoid to ellipsoidal, 3.0–4.5 × 2.2–3.5 mm, with monop-
olar budding occurring at a narrow base (Fig. 2.10b–d). Filaments have not been 
observed.

2.1.3.10.3  
 Physiological and Biochemical Characteristics

Malassezia equina has a maximum temperature at 37°C. The catalase reaction is strong, 
but in contrast to M. japonica and M. nana, this species is unable to split esculin. Tweens 
40, 60 (note: the white precipitate surrounding these two compounds makes the colony 
disks look brighter) and 80 are well assimilated, whereas Tween 20, similar to the type 
strain of M. nana, gives a neat ring of colonies at some distance of the well after diffusion 
of the compound. CrEL is not assimilated, but sometimes a weak precipitate occurs around 
the well containing this compound (Plates 2.1-10 and 2.2-10). M. equina, M. nana and 
M. japonica show a neat ring of colonies around Tween 20, but the esculin test discrimi-
nates among them, as does the shape of cells, which is ovoid to elongate with a narrow 
budding site in M. equina, short cylindrical with a broad budding site for M. japonica, and 
ovoid and small in size for M. nana.



2 Biodiversity, Phylogeny and Ultrastructure 45

2.1.3.10.4  
 Ecology

So far, M. equina is only known from healthy anal skin of horses and from skin of cows in 
Spain [18].

2.1.3.11  
 Malassezia obtusa Midgley, Guillot & Guého (1996)

2.1.3.11.1  
 Type Strain

CBS 7876 (GM215), isolated from human groin [23].

Fig. 2.10   M. equina. (a) Small, convex colonies that are surrounded by a precipitate within the agar; 
(b–d) Nomarski’s and SEM micrographs of elongate yeasts with a narrow budding site
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2.1.3.11.2  
 Morphological Characteristics

After 7 days at 32ºC on mDixon agar, single colonies (Fig. 2.11a) are slightly convex, 
smooth, on average 1.5–2 mm in diameter, shiny or dull, butyrous to pasty, and with the 
margin, entire to slightly lobate. The cells are cylindrical, somewhat rhomboidal, with 
obtuse apices, 4.0-6.0 x 1.5-2.0 mm, showing monopolar budding on a broad base 
(Fig. 2. 11b–d). Filaments may be present.

2.1.3.11.3  
 Physiological and Biochemical Characteristics

Malassezia obtusa is among the most demanding species together with M. globosa and 
M. restricta. None of these species grow with individual sources of lipids, although a white 
precipitate mimics growth around the wells containing Tweens 40 and 60 (Plates 2.1-11 and 

Fig. 2.11   M. obtusa. (a) Small, convex colonies with an entire to slightly lobate margin; (b–d) 
cylindrical to slightly rhomboidal yeasts with a broad budding site (Gram stained in b, Normaski’s 
in c and SEM in d)
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2.2-11). Only with fresh isolates and/or very young cultures of M. obtusa and M. globosa, 
tiny colonies may appear at some distance from the supplements, particularly due to synergy 
between two of them (Plate 2.1-11, 12 and Plates 2.2-12). However, the three species can be 
well identified with other key characteristics. All three species have a maximum temperature 
at 37°C, but only M. obtusa combines positive reactions of catalase and b-glucosidase, 
whereas M. globosa lacks b-glucosidase activity, and M. restricta both activities.

2.1.3.11.4  
 Ecology

Malassezia obtusa is a rare species, which is mainly known from healthy human skin. 
Together with M. furfur, the species has occasionally been isolated from animals, viz., in a 
case of canine otitis [59] and from healthy horses and goats [60].

2.1.3.12  
 Malassezia globosa Midgley, Guého & Guillot (1996)

2.1.3.12.1  
 Type Strain

CBS 7966 (GM35), isolated from PV, UK [23]. M. globosa corresponds to the formerly 
recognized M. furfur serovar B [66].

2.1.3.12.2  
 Morphological Characteristics

After 7 days at 32ºC on mDA, single colonies (Fig. 2.12a) are raised, wrinkled to cere-
briform, 3–4 mm in diameter, rough and brittle, pale yellowish, shiny or dull, and with 
the margin slightly lobate. In primary cultures, colonies are surrounded by an abundant 
precipitate, as in species of the M. sympodialis complex. Cells are spherical, 2.5–8 mm 
in diameter, and budding is monopolar on a narrow base (Figs. 2.12b–f). In contrast to 
M. furfur, this micromorphology is a stable character in M. globosa. Short filaments, 
reminding germinative tubes of Candida albicans, may be present, particularly in pri-
mary cultures (Fig. 2.12e, f). On the other hand, pseudo-hyphae are almost always pres-
ent in PV scales (Fig. 2.12b and see Chap. 6.1). The morphology of M. globosa is 
similar to that of the species known under the old name Pityrosporum orbiculare 
Gordon [83]. Unfortunately, the original type material and isolates designated as 
P. orbiculare on the basis of cell shape and their inability to grow on oleic acid, were 
not preserved. In the taxonomic revision [23], it was therefore proposed to consider 
P. orbiculare as a doubtful species, which may represent a probable synonym of 
M.  globosa and not of M. furfur.



48 E. Guého-Kellermann et al.

2.1.3.12.3  
 Physiological and Biochemical Characteristics

Malassezia globosa has a strong catalase activity, similar to that of M. obtusa. In contrast 
to the latter species, M. globosa lacks b-glucosidase expression. Growth is limited at 37°C, 

Fig. 2.12   M. globosa. (a) Large, typically wrinkled to cerebriform colonies with an undulate margin; 
(b) spherical yeasts and filaments in PV scales (i.e., typical spaghetti and meat balls feature) (picture 
by the courtesy of V. Crespo Erchiga); (c–d) Normaski’s and SEM micrographs showing spherical 
yeasts with a narrow budding site; (e–f) Gram stained and SEM micrographs of a primary culture 
from PV showing typical spherical yeasts, some of them developing a germinative tube
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and no growth occurs with individual lipid supplements, or may be very weak, with fresh 
cultures appearing as a ring of tiny colonies at some distance from the well containing 
Tween 20 (Plates 2.1-12 and 2.2-12) or Tween 80. Due to absence of good growth with 
individual lipid supplements, and lack of b-glucosidase activity, the species is easily rec-
ognized morphologically by its cerebriform colonies and spherical cells.

2.1.3.12.4  
 Ecology

Malassezia globosa is known from healthy and diseased human skin, mainly from PV 
[69], but also seborrheic dermatitis and even atopic dermatitis (see Chap. 6.1). One out of 
four genotypes may be better adapted to such pathologies [84]. The species is also known 
from animal skin, e.g., cats [72], horses and domestic ruminants [60]. The species has been 
reported to occur with high frequency in both healthy and diseased bovines with otitis in 
Brazil [61, 62], with the latter disease known to be associated with nematodes [62]. The 
species was also isolated from the acoustic meatus of bats [63]. Interestingly, DNA of 
M. globosa has been detected in European soil forest nematodes of the genus Malenchus 
[12], thus suggesting that the occurrence of the species may not be limited to warm blooded 
animals. Even more surprising was the detection of DNA of the species in soils from 
Antarctic Dry Valleys [14]. The authors postulated that the occurrence of the yeasts may 
be associated with nematodes, which are prevalent in Dry Valley soils. The possible inter-
actions between nematodes and M. globosa need further study in order to see if nematodes 
represent a natural reservoir of the species. Further studies, including the characterization 
of the different rDNA markers and attempts to obtain cultures especially from nematodes, 
will be necessary to elucidate this possible ecological habitat.

2.1.3.13  
 Malassezia restricta Guého, Guillot & Midgley (1996)

2.1.3.13.1  
 Type Strain

CBS 7877 (RA 42.2C), isolated from healthy human skin [23]. M. restricta corresponds to 
the formerly recognized M. furfur serovar C [66]. At that time, the authors were not able to 
demonstrate that they were dealing with different species, but it is interesting to point out 
that they separated serologically M. sympodialis (A), M. globosa (B) and M. restricta (C), 
the three species that predominantly occur on human skin, either healthy or lesioned [85].

2.1.3.13.2  
 Morphological Characteristics

After 7 days at 32ºC on mDA, single colonies (Fig. 2.13a) are small, 1–2 mm in diameter 
on average, flat to somewhat raised, dull, pale yellowish-brown, hard and brittle, smooth 
and somewhat ridged near the edge , and with a lobate margin. The cells are ovoid to glo-
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bose, 2.5–4 × 1.5–3 mm, with monopolar, percurrent budding on a relatively narrow base 
(Fig. 2.13b–d). The constant presence of ovoid and globose yeast cells in this species may 
erroneously suggest a mixture of M. globosa and M. restricta in the same culture 
(Fig. 2.13d). However, colonies of both species are sufficiently different to avoid this con-
fusion. Filaments are not known for this species, and, therefore, it may correspond to the 
species that was described with the old name P. ovale [50].

2.1.3.13.3  
 Physiological and Biochemical Characteristics

Malassezia restricta lacks both, catalase and b-glucosidase activities. This species, which 
is the most fastidious of the genus, does not grow at 37°C or with any of the lipid supple-
ments. Tweens 40 and 60 can show the presence of a white precipitate appearing like a 
white disk or a ring around the corresponding wells (Plates 2.1-13 and 2.2-13). Growth 
with CrEL is always absent.

Fig. 2.13   M. restricta. (a) Very restricted colonies (if compared with M. sympodialis (top right 
corner)), that are somewhat raised and have a lobate margin; (b–d) Gram stained, Nomarski’s and 
SEM micrographs showing ovoid and globose yeasts with a relatively narrow budding site
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2.1.3.13.4  
 Ecology

Malassezia restricta occurs mainly on the head, including scalp, neck, face and ears [85]. 
Its implication in human disease is not yet elucidated (see Chap. 6) but, as for M. globosa, 
a specific genotype may play a significant role in pathology [86]. Ribosomal DNA 
sequences (ITS region or D1/D2 LSU domain of the rRNA gene) of the species have been 
detected from indoor dust in Finland [87], but, surprisingly, also from the gut of beetles 
in Southern Louisiana, USA [88], forest soil nematodes in Germany [12], and rock 
beneath a crustose lichen in Norway [13]. These findings suggest that the human body 
may not be the only habitat of the species. Unfortunately, most of these studies referred 
to ITS1 only, and attempts to cultivate M. restricta were not performed. It is not easy to 
understand that such a fastidious species can survive without its vital nutritional lipid 
requirement and below its optimal temperature of growth. The species was also listed to 
occur in deep sediments in the South China sea [15], but this DNA comparison showed 
only 85 % ITS sequence identity, which is less than that observed to occur among 
Malassezia species.

2.2  
 Malassezia Phylogeny

Teun Boekhout and Dominik Begerow

Members of the genus Malassezia, like many other anamorphic yeasts, are difficult to 
assign to higher taxonomic levels based on morphological structures. Moore [89] estab-
lished the name Malasseziales for the basidiomycetous yeasts without ballistospores, in 
contrast to the Sporobolomycetales that contained genera with actively discharged ballis-
tospores. In the circumscription of the order Malasseziales, Moore included eight genera, 
namely Cryptococcus, Malassezia, Phaffia, Rhodotorula, Sterigmatomyces, Trichosporon, 
Trichosporonoides, and Vanrija. The lack of a unifying character and the negative defini-
tion of the Malasseziales already show the difficulties in the grouping of these yeasts in a 
monophyletic manner.

The availability of ribosomal DNA (rDNA) sequence data allowed a better understand-
ing of the phylogenetic relationship of the yeasts in general. The first more detailed molec-
ular phylogenetic study of heterobasidiomycetous yeasts [90] included Malassezia spp. 
amongst others and clearly separated the genus from species of the Pucciniomycotina (i.e., 
Rhodosporidium toruloides, Sporodiobolus johnsonii and Leucosporidium scottii) and 
from members of the Agaricomycotina (i.e., Filobasidiella neoformans, Cystofilobasdium 
capitatum, Phaffia rhodozyma, Sterigmatosporium polymorphum, and some Trichosporon 
spp.). However, due to a limited number of species included, Malassezia could not be 
clearly assigned to an order or class of the Basidiomycota.

During the late 1990s, two groups analyzed the molecular phylogeny of anamorphic 
basidiomycetous yeasts [91, 92]. Both groups used partial sequences of the large subunit 
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ribosomal DNA, but while Fell et al. [92] presented an overview of more than 330 yeast 
strains of basidiomycetes, the second group focused on the anamorph–teleomorph rela-
tionship of Ustilaginomycotina. Both studies included members of the Malasseziales, but 
came up with two different systematic proposals due to different sampling of species. One 
of the two likely phylogenetic position of Malasseziales based on LSU rDNA sequences is 
illustrated in Fig. 2.14. The phylogenetic affiliation of Malasseziales within the 
Ustilaginomycotina (Basidiomycota) is highly supported. However, the relationship 
between the orders of Ustilaginomycotina is still not resolved in all clades and the support 
for several groupings is low (Fig. 2.14). This is also reflected in the literature, thus several 
phylogenetic hypotheses are published. Based on phylogenies of LSU rDNA, several anal-
yses proposed Malassezia as part of Exobasidiomycetidae (Exobasidomycetes) like in 
Fig. 2.14 [91, 93]. Different taxon sampling and other genes could not support this place-
ment or suggested even a grouping with Ustilaginales and Urocystales [94] or sister to all 
other members of the Ustilaginomycotina. The most recent treatment of fungal taxonomy 
followed the more cautious proposals and placed the order Malasseziales in the 
Ustilaginomycotina incertae sedis [95].

All 13 species of the genus Malassezia form a strongly supported monophyletic 
group (Figs. 2.14 and 2.15) and support the conclusions based on physiological charac-
ters like lipophily and the peculiar cell wall ultrastructure (see Sect. 2.3.1). Based on the 
analysis of the D1/D2 domains of the large subunit (LSU) rRNA gene, some groups of 
species are well supported (Figs. 2.14 and 2.15) [also ref. 18]. M. furfur forms a mono-
phyletic group with M. obtusa, M. japonica and M. yamatoensis. M. globosa is related 
to M. restricta. The group of M. sympodialis, M. nana, M. caprae, M. dermatis and M. 
equina form a well supported clade as well, which has been discussed in detail recently 
[18]. However, M.  slooffiae and M. pachydermatis do not clearly group with any other 
known species and more detailed studies might present more interesting results. Note 
that other analyses of partial LSU rRNA gene sequences yielded the same relationships 
for M. obtusa (cited as M. species 3) and M. furfur [21]. In the ITS analysis, however, 
the furfur and globosa clades are not separated and form a well supported clade with M. 
furfur, M. japonica, M. obtusa, M. pachydermatis, M. yamatoensis and M. slooffiae 
[18]. Partial sequences of the chitin synthase gene (CHS2) were in agreement with 
those based on the D1/D2 domains of the LSU rRNA gene and the ITS 1+2 regions [18, 
67]. In this analysis, the sympodialis clade comprised M. sympodialis, M. caprae, M. 
equina and M. dermatis, whereas M. nana formed a basal lineage to this cluster; the 
furfur clade contained M. furfur, M. japonica and M. obtusa, and the globosa clade, M. 
pachydermatis, M. yamatoensis, M. restricta, M. slooffiae and M. globosa. Partial 
sequences of the RNA polymerase subunit 1 (RPB1) gene supported the sympodialis 
clade that also included M. nana [18]. All phylogenetic analyses performed so far sup-
ported all species recognized, as well as some major clades, but some species, e.g., M. 
slooffiae and M. pachydermatis, tend to jump between clades depending on the gene 
analyzed and the set of other fungi included. This implies that further phylogenetic 
research is needed to establish the position of these species in the tree of life. A further 
explanation of these incongruent results may be that hybridization may have occurred 
during speciation [18].
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Fig. 2.14   Phylogenetic hypothesis based on partial LSU rDNA sequences of 67 basidiomycetes and 
three ascomycetes aligned with MAFFT (version 6.525) and analyzed using maximum likelihood 
in PAUP* 4b10. Support values are calculated based on two different alignment algorithms as 
implemented in MAFFT and PCMA and two different tree reconstruction methods, viz., neighbor-
joining using PAUP* and Markov chain Monte Carlo using MrBayes. Branch lengths represent 
expected substitutions per base pair



54 E. Guého-Kellermann et al.

Fig. 2.15   Phylogenetic tree based on concatenated sequences of the ITS1, 5.8s and ITS2 regions of 
the ribosomal DNA and the D1/D1 part of the LSU rRNA gene generated in Megalign version 
7.2.1 (DNAstar Inc.). The tree was generated with PAUP (version 4.0b 10) using the neighbor-
joining algorithm with Kimura 2 as a distance measure and 1000 bootstrap replicates. T = neotype 
strain of M. furfur; *NT of Pityrosporum ovale
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2.3  
 Malassezia Ultrastructure

Eveline Guého-Kellermann

The phylogenic studies, as developed above, have demonstrated the affiliation of the genus 
Malassezia to the Ustilaginomycotina of the Basidiomycetes despite the lack of a sexual 
state (Chap. 2.2). Some other characteristics have been used for a long time to relate these 
anamorphic yeasts to the Basidiomycetes. The most important of these basidiomycetous 
markers are the multilamellar cell wall [96, 97] and the monopolar percurrent budding. 
Unfortunately, due to the absence of hyphae the septal pore structure could not be used to 
further clarify the taxonomic position of the genus [98].

2.3.1  
 Cell Wall Ultra-Structure

Transmission electron microscopical (TEM) studies demonstrated that M. furfur and 
M. pachydermatis have a thick, electron-dense and multilayered cell wall, which is more 
or less coated with fibrillar material [99].

This typical basidiomycetous-type cell wall is crossed by a helicoidal translucent 
band, which arises from regular indentations of the plasma membrane (Fig. 2.16a, b). As 
far as is known, these cell wall characteristics are unique among the fungi [96–104]. 
Based on a similar cell wall ultra-structure of the filaments of M. furfur, the spherical 
yeasts (i.e., Pityrosporum orbiculare) as observed in PV, and in the oval yeasts (i.e., 
Pityrosporum ovale) as observed in lesions of pityriasis capitis, Keddie [105] suggested 
that Pityrosporum and Malassezia might be the same, and, hence, are synonyms. Due to 
nomenclatural rules, the name Malassezia had priority. The freeze-fracture replica tech-
nique demonstrated that the plasma-membrane indentations correspond to a regular, heli-
coidal and left-handed groove [102, 106, 107] which is surrounded by an electron-lucent 
band, visible as white lines in tangential sections (Fig. 2.16b). This specific parietal ultra-
structure is also present in M. sympodialis [65], M. globosa and M. restricta [23] and all 
other species, as seen by TEM and numerous observations using scanning electron-
microscopy (SEM) as well. All Malassezia species have a smooth cell wall, but micros-
copy using a mirror lighting microscope ([108] and Fig. 2.16d) or SEM, of somewhat 
retracted yeast cells showed, the double helicoidal system appearing on the surface as 
more or less marked and spaced grooves (see in Chap. 2.1, Figs. 2.1e, 2.4e, 2.5d, 2.6d, 
and 2.8d of M. pachydermatis, M.  sympodialis, M. caprae, M. dermatis and M. nana, 
respectively). The cell wall of M. globosa appears to be somewhat different. By means 
of the freeze-fracture replication technique, Breathnach et al. [109] showed that the ini-
tial major combination of plasma membrane groove and electron-lucent band (Fig. 2.16c) 
was associated to a minor system of grooves and electron-lucent bands occurring at more 
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Fig. 2.16   Malassezia cell wall ultra-structure. (a–b) Micrograph of M. furfur made by transmission 
electron-microscopy (TEM). (a) The typical multilamellar cell wall with the corrugate invagina-
tion of the plasma membrane and its corresponding electron lucent band; (b) endospore within 
elongate yeast cells or short filaments showing the typical lamellate cell wall, and the regularly 
spaced electron translucent spiral, as can be clearly seen in tangential sections. (c–f) M. globosa. 
(c) Micrograph (TEM) showing the multilamellar cell wall and the electron lucent band; (d) draw-
ings after Matakieff [108] of globose yeasts with an helicoidal sculpturing; (e) Micrograph (TEM) 
(courtesy of Hannelore Mittag) of a tangential cut showing the double system of electron lucent 
bands as described above in Fig. 2.1c; (f), Micrograph made by scanning electron-microscopy 
(SEM) of a retracted yeast and its bud showing the spaced major groove system, that is comparable 
with Matakieff’s drawings
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or less right angles. This has also been visualized by TEM analysis of tangential sections 
of the cell wall (Figs. 2.16c, e). The cell wall thickness appears different from one spe-
cies to another, but may also be related to the age of the cells and the growth 
conditions.

2.3.2  
 Budding Process Ultra-Structure and Endosporulation

The basidiomycetous nature of the genus Malassezia is also revealed by its monopolar, 
blastic and percurrent budding process [100, 101, 104]. Buds emerge from the innermost 
layer of the wall, and leave a collarette on the mother cell after release (i.e., thus repre-
senting a phialidic conidiogenesis) (Fig. 2.17a, b). The scar on the mother cell becomes 
thicker with the increasing number of collarettes after each subsequent budding 
(Figs. 2.17c–e, g).

These typical scars of the genus Malassezia occur independently of the shape of the 
yeast cells, but appear more clearly under light microscopy in species having a broad bud 
site (i.e., M. pachydermatis, M. furfur, M. yamatoensis, M. slooffiae, M. japonica and 
M. obtusa, see Chap. 2.1). M. sympodialis differs from the other species in that a sympodial 
budding occurs at the monopolar budding site [97], with the buds appearing alternatively 
on the left and the right side, thus resulting in a clover leaf-like configuration of the parent 
cell and its buds (Fig. 2.17f, g). This process, which may also be present in M. dermatis, is 
difficult to visualize under the light microscope and reminds the polyphialides described in 
hyphomycetes such as Chloridium spp. [110].

2.3.3  
 Other Ultrastructural Characteristics

Endospores (or endoconidia) may be present in M. furfur (Fig. 2.16b), and it has been 
postulated that their presence may suggest an affiliation with teliospore-forming yeasts 
[103]. Furthermore, it has been suggested that the phenomenon of endosporulation might 
represent initial steps of basidium development [98, 103]. However, formation of endo-
conidia has been observed to occur during asexual reproduction in many ascomycetous 
and basidiomyceous yeast-like fungi. Mittag [111] considered the variable size and shape 
of the yeast cells within M. furfur (CBS 1878 and 6001) due to differences in ploidy. This 
was indeed confirmed by analysis of chromosomal DNAs using pulsed field gel electro-
phoresis (for refs. see Chap. 3).

The basidiomycetous affinities of the genus Malasssezia are further supported by other 
cell biological features, such as migration of the nucleus in the bud before mitosis [112]. 
The distribution of chitin, however, seems restricted to the budding site, similar to that in 
Saccharomyces cerevisiae, whereas it is distributed evenly throughout the cell wall of 
Cryptococcus neoformans [113], another basidiomycetous fungus.
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Fig. 2.17   Malassezia budding process. (a–d) M. globosa. (a–b) Micrograph (TEM) showing two 
states of the monopolar budding process, namely emergence and release of the bud; (c) Micrograph 
(TEM) showing several collarettes resulting from the monopolar percurrent budding; (d) 
Micrograph (SEM) of the budding site with the typical thick budding scar of Malassezia spp. (e) 
Malassezia yamatoensis (SEM), the youngest yeast cell on the right has a thinner scar. (f–g) 
Malassezia sympodialis; (f) micrographs (TEM) showing the typical clover leaf-like configuration 
resulting from sympodial budding; (g) micrograph (SEM) showing percurrent budding with the 
youngest bud still emerging
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3.1  
Molecular detection and Identification of Malassezia yeasts  
in the Epidemiological Studies
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3.1.1  
Introduction

In recent years, molecular studies have considerably changed the taxonomy of the genus 
Malassezia. The molecularly defined species can still, to some extent, be discriminated 
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Core Messages

This chapter deals with the range of molecular biology methods including  ›
PCR-based assays, high-throughput DNA sequence analysis, and the use of 
real-time PCR in performing studies of skin and environmental community 
structure and dynamics. It highlights the utility of each molecular biology 
method in yielding Malassezia epidemiological data, the limitations of culture-
based methods, and the possible biases that may influence Malassezia 
epidemiological studies. As in any disease or health-impacting event, the 
frequency and patterns of Malassezia-related diseases is examined by descriptive 
epidemiology. Thus, the chapter includes assessment of patient-related factors 
such as age, immunological status and gender, and environmental factors such as 
the geographical area and time of the year that contribute to the analysis of risks 
from Malassezia-induced or Malassezia -exacerbated disease. Also, a compre-
hensive account is given on the Malassezia epidemiology in animals and the 
factors associated with the animal hosts and their skin microenvironment.
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using morphological and physiological methods (see Chap. 2.1). Among the earliest 
molecular characteristics that were used to discriminate between species were analysis of 
Mol% guanine plus cytosine, and the assessment of DNA relatedness using DNA reasso-
ciation techniques [86]. Since the recognition of lipid dependent species, other than M. 
furfur [87], it became clear that molecular approaches are needed for better diagnostics, as 
well as our understanding of Malassezia community dynamics. For instance, 13.8% of 
isolates identified by phenotypic means were found to be misidentified after molecular re-
identification using sequence analysis of the D1/D2 domains of the large subunit ribo-
somal rDNA (LSU rDNA) and the ITS1+2 regions [103].

Here, we present an overview of the molecular methods that have been applied to detect 
and identify Malassezia species composition on humans and animals. The methods used 
can be divided into four main approaches: (1) Biotyping using enzymatic methods; (2) 
Chromosomal analysis using pulsed field gel electrophoresis (PFGE); (3) PCR-based 
methods; and (4) DNA sequence based methods. It is noteworthy that the PCR- and 
sequence-based methods used for Malassezia biodiversity studies, and those employed to 
study Malassezia community structure on skin and molecular epidemiology are often sim-
ilar and the distinction is not always clear (see Chap. 2.1).

3.1.2  
Biotyping

In biotyping of Malassezia isolates, the use of enzyme activities has received little attention. In 
a Spanish study, 120 isolates from skin were biotyped using Api 20 NE and ApiZym (bio-
Mérieux, Marcy l’Etoile, France) and they could be identified as M. globosa, M. sympodialis, 
and M. restricta using enzyme activity profiles. Biotype 1 (= M. globosa) was catalase positive, 
esculin negative, and lipase (C14) positive; biotype 2 (= M. sympodialis) was catalase positive, 
esculin positive, and lipase (C14) negative; biotype 3 (= M. restricta) was catalase negative, 
esculin negative, and lipase (C14) negative [7]. In another study, enzyme activities of 33 
Malassezia isolates belonging to six species were studied using ApiZym. Species-specific dif-
ferences were observed, and, in general, limited infraspecific variation was noted [130].

Phospholipase, proteinase, hyaluronidase, and chondroitin-sulfatase activities were 
studied in 30 isolates of M. pachydermaris obtained from otic secretions and skin scrap-
ings from dogs. No significant differences in enzyme activities were observed to occur 
between the isolates [46]. Phospholipase activity, considered to contribute to fungal viru-
lence, has been studied in M. pachydermatis and differences were observed in phospholi-
pase activity between isolates obtained from lesional and nonlesional skin [32, 37, 38].

Multilocus enzyme electrophoresis of 13 enzymes from 52 isolates of M. pachydermatis 
yielded 27 electrophoretic types (ETs). Interestingly, a correlation was observed between ETs 
and host specificity. Moreover, the results indicated that genetic exchange may occur between 
the various ETs, thus suggesting the presence of sexual recombination in this species [138].

3.1.3  
Electrophoretic Karyotyping

Electrophoretic karyotyping using PFGE demonstrated a heterogeneity in chromosomal 
patterns among Malassezia yeasts. Various techniques have been applied, e.g., LKB 
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Pulsaphor and CHEF Dr-II (Biorad), with the latter technologically being more reliable 
due to the absence of mechanically moving parts. Using Pulsaphor, isolates of M. furfur 
were found to have seven chromosomes, which could separate them in three groups that 
correlated with the three morphological types that were distinguished before [115, 136].

CHEF analysis of M. pachydermatis isolates and lipophilic Malassezia spp. [13, 14] 
demonstrated that the karyotypes of M. pachydermatis were similar to each other and con-
tained five chromosomes, whereas among the lipophilic isolates four different patterns 
could be discerned. In the latter study [15], the lipophilic species with different karyotypes 
could be linked to the species described by Guého et al. [87]. One of the main conclusions 
was that Malassezia species showed limited intraspecific chromosomal length polymor-
phism (CLP). The observed heterogeneity in M. furfur could be related to the presence of 
putative hybrids between different AFLP genotypes of that species (T. Boekhout, unpub-
lished observation). Another remarkable feature of the Malassezia genomes is their small 
size ranging from 6.4 to 14 Mb (Table 3.1) [15, 208]. The genome size of M. globosa of 
8.5–8.9 Mb as estimated by PFGE analysis agreed with that based on whole genome 
sequencing, namely 9 Mb [208]. The latter analysis also suggested that the genome is hap-
loid as the level of polymorphism present was found to be very low (>0.0004%). PFGE has 
also been used to confirm phenotypically identified Malassezia isolates. In a study of 220 
isolates from affected skin of animals and humans, 217 were identified as M. pachydermatis 
and three as M. sympodialis. The majority of the M. pachydermatis isolates contained six 
chromosomes and 17 had seven. Interestingly, two isolates obtained from both ears of a 
single dog revealed 6 and 7 chromosomes, respectively [182]. The M. sympodialis isolates 
also showed some CLP. On the basis of these studies, PFGE may be used to identify 
Malassezia species, but the method is time consuming and methodologically demanding. 
Moreover, karyotypes of the recently described species (e.g., M. caprae, M. dermatis, M. 
equina, M. japonica, M. nana and M. yamatoenis) have not yet been analyzed.

3.1.4  
PCR-Based Methods

Many genotypic methods used to discriminate between isolates of Malassezia, or to identify 
them, are based on PCR. Among these are genotypic methods that generate a banding  pattern 

Table 3.1   Genome size of some Malassezia species based on PFGE [13, 15]

Species Number of chromosomes Genome size (Mb)

M. furfur type I 7–8 8.5

M. furfur type II 10–11 14

M. globosa 8 8.5–8.9

M. obtusa 6 7.4

M. pachydermatis 5 6.7–9.3

M. restricta 9 8.0

M. slooffiae 7 8.6

M. sympodialis 7 6.4–7.8
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per strain that can be compared with other such banding patterns available (e.g., RAPD, 
AFLP, PCR-RFLP). Alternatively, amplicon lengths may be compared (e.g., tFLP), or the 
migration behavior of single stranded DNA is used to infer relationships between isolates in 
DGGE or SSCP analyses (see below). Species-specific PCR probes have been developed for 
diagnostics. These can be used in individual PCRs or, technically more advanced, they can 
be hybridized to probes bound to latex beads (e.g., Luminex technique) thus allowing fur-
ther, high-throughput automation for use in large-scale epidemiological studies. Furthermore, 
real-time PCR has been used to study Malassezia community structure and dynamics.

3.1.4.1  
Random Amplification of Polymorphic DNA (RAPD) and DNA Fingerprinting

RAPD typing of Malassezia isolates has been used in various studies. The epidemiological 
analysis of an outbreak at a neonatal ward caused by both M. furfur and M. pachydermatis 
[201] was among the first. This study used prokaryotic repeat consensus primers based on 
enterobacterial repetitive intergenic consensus (ERIC) or repetitive extragenic palindromic 
(REP) motifs. The outbreak isolates showed identical banding patterns if compared with the 
reference strains. Hence, it was concluded that the outbreak was caused by a single geno-
type and most probably a single strain, despite occasional subtle differences that were 
observed by PFGE [13]. Apparently, ERIC and REP PCR-typing showed better epidemio-
logical resolution than PFGE. It is important to realize that PFGE is not directly comparable 
with ERIC and REP PCR-typing, as each method targets different elements of the Malassezia 
yeast genome. In another study of an outbreak in a neonatal ward caused by M. pachyder-
matis, RAPD analysis showed the presence of genetically distinct isolates involved in the 
outbreak [44], and similar observations were made in a M. pachydermatis outbreak in a 
US-based hospital [199]. The use of RAPD typing for taxonomic and henceforth epidemio-
logical purposes has also been investigated [15]. Representatives of all known species at 
that time were investigated by 20 decamer primers. Primers OPA 02, OPA 04, OPA 05, and 
OPA 13 (Operon Technologies, Alameda, CA, USA) gave best resolution. All species could 
be discriminated, but straightforward analysis was hampered by the presence of consider-
able intraspecific variation [15]. Similar results were obtained in an epidemiological study 
of isolates from skin, where M. sympodialis showed the greatest homogeneity [41]. Within 
55 isolates of M. pachydermatis obtained from various domestic animals and body sites, 
RAPD discriminated four genotypes; one of them occurred in various animals (cats, horse, 
goat, pig) and the other three were observed only in the external ear canal of dogs; different 
genotypes could occur on a single animal or even at a single body site [40]. Other studies 
on M. pachydermatis also demonstrated genetic heterogeneity [114, 126]. In an extensive 
study of 210 isolates using RAPD, morphology, catalase and b-glucosidase activities, lipid 
and carbohydrate growth requirements, and tryptophan-dependent pigment synthesis [114], 
it was concluded that extensive phenotypic and genotypic diversity occurs within the spe-
cies. A single genotype was found to be correlated with pigment production and the authors 
proposed to use this observation as a possible screening to search for this character in a 
larger number of isolates. In a study on the presence of genetic diversity in M. furfur, 47 
isolates from either pityriasis versicolor (PV) patients, seborrheic dermatitis (SD) patients, 
or SD in AIDS patients, RAPD patterns were found to correlate with these three patient 
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categories. On the basis of this observation, the authors suggested that RAPD is a useful 
epidemiological tool [76]. M13-DNA fingerprinting of 42 globally collected isolates of M. 
furfur yielded six genotypic clusters that correlated with the underlying skin condition and 
the hosts’ geographic origin. Isolates from Scandinavia, Greece, Bulgaria, and China 
showed a propensity for geographic clustering. The authors concluded that M. furfur may 
be a good candidate species to investigate human phylogeography patterns [74].

3.1.4.2  
Restriction Fragment Length Polymorphism (RFLP) Analysis

Digestion of PCR amplicons has shown to be useful for the separation of Malassezia species 
[71, 72, 82, 96, 114]. Sequence polymorphisms in the target gene or DNA region of choice 
can be made visible by the use of restriction enzymes. The ribosomal DNA, including the 
large subunit (LSU) rDNA and internally transcribed spacer (ITS) regions have been DNA 
targets explored for diagnostics [96, 100, 103]. Using the Malassezia specific primers Malup 
(5’-AGC GGA GGA AAA GAA ACT-3’) and Maldown (5’-GCG CGA AGG TGT CCG 
AAG-3’), the LSU rRNA gene could be amplified resulting in a fragment between 541 and 
579 bp [96]. All seven species recognized at that time could be discriminated by digestion of 
the amplicon using the restriction enzymes BanI, HaeII, and MspI. Moreover, no intraspe-
cific variation was observed, rendering this method a Malassezia-specific identification tool. 
In addition, species in mixed samples of M. globosa and M. sympodialis, or M. furfur and M. 
sympodialis, respectively, could be discriminated [96]. Later, this method was extended to 
separate 11 species [159] (Table 3.2). In another RFLP study, five out of seven species could 
be discriminated using AvaI digestion of the LSU rDNA and digestion of the ITS regions by 
EcoRI and NcoI [100]. However, M. globosa and M. restricta could not be discriminated 
using the latter enzymes, and, therefore, an alternative hot start touch-down PCR of the 

Table 3.2   RFLP profile of eleven Malassezia species based on three restriction endonucleases

Species ITS 3/4 PCR 
product (bp)

Alul Banl MspAl

Malassezia dermatis 416 NRS 186, 230 192, 85, 109, 30

Malassezia furfur 557 306, 251 389, 168 525, 32

Malassezia globosa 477 221, 16, 240 NRS 447, 30

Malassezia japonica 528 394, 134 183, 199, 146 498, 30

Malassezia nana 428 NRS 188, 240 286, 110, 32

Malassezia obtusa 554 NRS 396, 158 NRS

Malassezia pachydermatis 529 412, 117 NRS 499, 30

Malassezia restricta 463 NRS 186, 277 432, 31

Malassezia slooffiae 505 385, 120 NRS 472, 33

Malassezia sympodialis 420 NRS NRS 281, 109, 30

Malassezia yamatoensis 470 NRS NRS NRS

NRS no restriction site



7070 T. Sugita et al.

b-tubulin gene was needed for a proper identification of these two species. Gaitanis et al. 
[71] developed a PCR-RFLP aiming to identify Malassezia species present in skin scales. 
For DNA extraction, a cetyltrimethylammonium bromide (CTAB) protocol was employed. 
Panfungal primers targeting the ITS, namely ITS 1 (5’-TCC GTA GGT GAA CCT GCG 
G-3’), ITS 3 (5’- GCA TCG ATG AAG AAC GCA GC-3’) and ITS 4 (5’-TCC TCC GCT 
TAT TGA TAT GC-3’), were used to amplify the ITS regions. In case of a weak amplifica-
tion result using ITS 3 and ITS 4 primers, the primer combination ITS 1 and ITS 4 was used, 
followed by a nested PCR using primers ITS 3 and ITS 4. Length estimates of the amplicons 
generated by primers ITS 3/ITS 4 discriminated between M. furfur, M. sympodialis, M. glo-
bosa, and M. pachydermatis. However, using standard agarose conditions, M. restricta could 
not always be separated from M. slooffiae or M. pachydermatis. Digestion of the amplicons 
by AluI and HinfI discriminated between all seven species included in the study, namely M. 
furfur, M. obtusa, M. slooffiae, M. restricta, M. sympodialis, M. globosa, and M. pachyder-
matis. The relative sensitivity was found to be 10 ± 5 cfu. Subsequently, 11 Malassezia spe-
cies using pure culture were discriminated (Table 3.2) through restriction of PCR amplicons 
that were generated with the ITS 3/4 primers [72]. PCR-RFLP of the LSU-rDNA using CfoI 
and BstF51 discriminated among 11 species, and was successfully applied to clinical isolates 
[139]. PCR-RFLP has also been used to identify larger numbers of clinical isolates [39, 212] 
or isolates from animals [160]. Importantly, tracing an outbreak of M. pachydermatis in an 
intensive care unit was possible using RFLP analysis. Analysis of isolates obtained from 
neonates, health care workers and their pet dogs demonstrated that transmission occurred 
from a pet dog via the health care worker to the IC patients [42] (see Chaps. 3.3 and 8).

3.1.4.3  
Amplified Fragment Length Polymorphism (AFLPTM) analysis

AFLP, a DNA fingerprinting technique based on the selective amplification of restriction 
fragments from a digest of genomic DNA [202], has been successfully applied to under-
stand the genetic relationships among isolates of Malassezia [31, 103, 199]. In AFLP 
analysis, all lanes contain a size standard and, therefore, the method is, at least theoreti-
cally, less prone to experimental variation than, for instance, RAPD analysis. Practically, 
variation has been noted to occur between separate runs, especially when a time interval 
occurs between runs, thus rendering an easy comparison sometimes difficult. The same 
may be true for interlaboratory comparisons, although the variation observed may be less 
than in RAPD analyses. In case of critical studies, we therefore recommend running the 
experiment(s) in a single run, in order to avoid experimental bias as much as possible.

Using AFLP all species recognized could be separated [31], the genetic diversity within 
species was illustrated, and in some species distinct genotypes could be discerned [103, 199] 
(Fig. 3.1). In M. furfur, four [199] and in a more extended study eight [103] AFLP groups 
could be recognized. Probably the most significant observation was that 80% of the isolates of 
AFLP genotype 4 came from deep or mucosal sources, such as urine, blood, tracheal secretion, 
nasal smear, and feces [199]. In a more extensive sampling, genotype 1 isolates came from 
chest and back, genotypes 2 and 8 contained animal isolates, genotypes 4 and 5 originated 
from deep body sites, and isolates from genotypes 1 and 6 seemed to have a preference for 
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neonates. The distribution of AFLP genotypes between North America and Europe was found 
to be significantly different [103]. AFLP seems to be the tool of choice for genotypic analyses 
when detailed genotypic information is needed and many isolates are available.

3.1.4.4  
Terminal Fragment Length Polymorphism (tFLP) Analysis

The size of ITS 1 and ITS 2 amplicons can potentially be used to discriminate between spe-
cies (see also above under RFLP [71]). Similar approaches have been described to identify 
other clinically important yeasts, such as Candida spp. [56]. This method was further devel-
oped using capillary detection of the amplicon size, making the method suitable for automa-
tion. This so-called terminal fragment length polymorphism (tFLP) used the amplicon 
lengths of both the ITS 1 and ITS 2 for discrimination of Malassezia species [80]. The 
method can also be used on noninvasively acquired swab samples and uses only three ITS-
based primer sets, and therefore, minimizes the potential bias related to amplification effi-
ciency. It is sensitive enough to detect Malassezia with as few as 100 cells per sample, either 
dosed directly onto the swab for extraction control or for data collection from 1 cm2 of skin 
surface sample. This method involves isolation of fungal DNA, followed by nested PCR of 
the ribosomal gene cluster and amplification with ITS 1 and ITS 2 specific fluorescently 
labeled primers. The resulting terminally-labeled products are analyzed for fragment length 
on a fluorescent DNA sequencer. The amplifications are carried out with universal fungal 
primers [80], and therefore the methodology should be broadly applicable to other fungal 
species. The ITS 1 and ITS 2 amplifications are carried out individually and combined for 

Fig. 3.1   Genotypic diversity among Malassezia species determined by amplified fragment length 
polymorphism (AFLP). The AFLP patterns were generated using the selective primers EcoR1A 
and Mse1G as described [199], and the tree was created with Bionumerics (Applied Math, Belgium) 
using curve-based Pearson correlation in combination with single linkage
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final analysis. The primary advantage of this method is that the resultant sample contains 
only two labeled fragments per species, allowing analysis of complex communities. All 
Malassezia species can be differentiated by length polymorphisms, including multiple gen-
otypes per known species. Results obtained for standards and mixtures of standards showed 
that all known Malassezia genotypes can be identified in a single amplification reaction 
based on unique fragment lengths, thus eliminating the need for restriction analysis. Results 
from this study also showed that tFLP is capable of reproducibly assessing the Malassezia 
species present in complex mixtures and clinical samples. In an analysis of subjects assigned 
for different grades of dandruff, i.e., a comparison between persons with composite adher-
ent flaking score (ASFS) < 10 (low dandruff) and those with a composite ASFS > 24 (high 
dandruff) showed that in both human populations M. globosa and M. restricta were pre-
dominant species in samples from scalp, with both species being more prominent in high 
ASFS subjects. Importantly, M. furfur was not detected [80]. The authors concluded that 
both M. globosa and M. restricta are involved in causing dandruff.

3.1.4.5  
Denaturing gradient gel electrophoresis (DGGE)  
and single strand conformation polymorphism (SSCP) analysis

DGGE and SSCP are methods that can discriminate among PCR amplicons that have a 
similar size, and, hence cannot be separated using standard electrophoretic techniques. The 
principle is that the tertiary conformation of single stranded DNA, which determines the 
running distance in a gel, depends on the nucleotide sequence.

DGGE uses a denaturing gel, e.g., containing a urea gradient, to separate both strands 
of the PCR amplicon [143, 144], whereas SSCP separates, in a nondenaturing gel, heat 
separated single stranded DNA that has been cooled down quickly [79]. Both methods 
require dedicated equipment, and as the running behavior in the acrylamide gels depends 
on the experimental conditions, results are not always straightforward to interpret. It seems 
that results based on SSCP are less prone to experimental variation, and, in addition, run-
ning conditions do not need to be optimized for each new PCR. For these reasons, DGGE 
analysis has only rarely been applied to differentiate Malassezia strains [199]. All seven 
species included in the study could be distinguished, and two isolates of each M. furfur and 
M. pachydermatis were found to have identical banding patterns.

PCR-based SSCP allows detection of point mutations in PCR amplicons, e.g., those of the 
widely used ITS regions. Commonly used primers (e.g., ITS 1 and ITS 2) allow efficient 
amplification. Separation of single stranded DNA that is obtained after denaturation of the 
amplicons at e.g., 94°C followed by immediate snap-cooling on ice or a freezing block is 
performed on a nondenaturing acrylamide/bis-acrylamide gel at low temperatures (e.g., 
11°C) (for a detailed protocol see ref. [79]). Five genetic subtypes were identified in M. 
globosa isolates obtained from PV and SD by SSCP using the ITS 1 spacer [73]. SSCP sub-
group A was found to be correlated with the presence of more extensive lesions. Twelve 
isolates of M. sympodialis did not show any SSCP ITS subtypes [73]. Among 185 isolates of 
M. pachydermatis obtained from diseased and nondiseased skin of 30 dogs and from various 
body sites, eight different ITS 1 genotypes could be discriminated by SSCP that were also 
confirmed by sequencing analysis [38]. One genotype (i.e., genotype B) was observed to 
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occur mainly on healthy skin. Fifty percent of the dogs contained multiple ITS subgenotypes 
at different body sites [38]. Next to SSCP separation of ITS amplicons, the method has also 
been used to separate amplicons based on the chitin-synthase-2 (CHS-2) gene [35].

3.1.4.6  
Detection by Luminex Technology

Sensitive detection of Malassezia species, either alone or in mixed populations, has been 
made possible using a bead suspension array that combines the specificity and reliability of 
DNA-based probes and the speed and sensitivity of the Luminex analyzer [57]. Probes based 
on sequence divergence in the D1/D2 domains of the LSU rDNA and the ITS spacers are 
covalently bound to unique sets of fluorescent beads allowing detection of the specific probes 
using a red laser (636 nm), and, hence, identification of the species present. After hybridiza-
tion, the biotinylated PCR amplicon is detected using a green laser (532 nm) by addition of 
a fluorochrome coupled to a reporter molecule (e.g., streptavidin). Probes covered either a 
narrow or a broader taxonomic range, and discriminated between species, groups of species, 
or all representatives of the genus. This allowed detection of species in a multiplex and high-
throughput format [57]. The hybridization assay could discriminate between sequences that 
only differed in 1 or 2 bp, but specificity depends on the position of the mismatch as well as 
the probe design. Accurate identification of species is achieved using a multiplex format, 
thus allowing the analysis of mixed clinical samples. Interestingly, the method could even 
use direct amplification from a pin-head-sized portion of cells of M. pachydermatis, thus 
without the need to isolate DNA. If this is true for the other species as well, this method may 
be used to analyze the Malassezia community structure fast and reliably [57]. However, one 
may expect considerable differences in the efficiency of the PCR performance between the 
various species when omitting DNA extraction, thus complicating the analysis.

3.1.4.7  
Epidemiological Investigations by Real-time PCR

PCR approaches, such as real-time PCR as well as tFLP (see Sect. 3.1.4.4 above) have 
been used to investigate the presence of Malassezia species without the need to culture 
isolates. Detection of Malassezia species from clinical samples has been performed by 
real-time PCR using a nested PCR approach targeting the intergenic spacer (IGS) or the 
internal transcribed spacer (ITS) [5, 188]. In a series of studies, the number of Malassezia 
cells present on healthy and diseased skin was quantified using Taq-Man probes based on 
D1/D2 LSU rRNA gene sequences (Fig. 3.2). LSU rDNA was amplified using primers 
pITS (5’-GTCGTAACAAGGTTAACCTGCGG-3’) and NL4 (5’-GGTCCGTGTTTCAA 
GACGG-3’). After insertion in a plasmid, the plasmid DNA was quantified using a 
NanoDrop ND-1000 spectrophotometer. For real-time PCR, 200 nm of each primer and 
250 mM of the Taq-Man primer were used (Table 3.3).

Ten to the power of two to ten to the power of nine (102–109) copies of plasmid DNA of all 
11 species tested could be detected using the primers Mala-F, Mala-R, and Mala-MGB. 
Importantly, cross reactivity was neither observed against DNA from a variety of clinically 
relevant yeast species, e.g., belonging to Candida, Cryptococcus, and Rhodotorula, nor from 
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bacteria. Using real-time PCR, it could be demonstrated that the number of Malassezia cells 
present in the head and neck of 34 AD patients was 12.4 times higher than that on the trunk and 
6.8 times higher than that present on the limbs [193]. Both M. globosa and M. restricta occurred 
on all AD patients investigated, and these species caused approximately 80% of the coloniza-
tion by Malassezia. In another study of AD patients, it was observed that M. restricta and M. 
globosa were the dominant species in adults [188], whereas M. restricta occurred dominantly 
in children with AD [197]. M. dermatis, M. sympodialis, M. furfur, M. obtusa, and M. yama-
toensis were detected in 2–8% of the subjects, and M. japonica and M. slooffiae were not 
detected. Using real-time PCR, the colonization rate by Malassezia was found to be 2.4-fold 
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Table 3.3   Primers used in real-time PCR [193]
Universal Malassezia primers

Mala-F (forward) 5’-CTAAATATCGGGGAGAGACCGA-3’

Mala-R (reverse) 5’-GTACTTTTAACTCTCTTTCCAAAGTGCTT-3’

Mala-MGB (probe) FAM-TTCATCTTTCCCTCACGGTAC-MGB

M. globosa primers

M.glob-F (forward) 5’-GGCCAAGCGCGCTCT-3’

M.glob-R (reverse) 5’-CCACAACCAAATGCTCTCCTACAG-3’

M.glob.MGB (probe) FAM-ATCATCAGGCATAGCATG-MGB

M. restricta primers

M.rest-F (forward) 5’-GGCGGCCAAGCAGTGTTT-3’

M.rest-R (reverse) 5’-AACCAAACATTCCTCCTTTAGGTGA-3’

M.rest-MGB (probe) FAM-TTCTCCTGGCATGGCAT-MGB
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higher in adults with AD than in children with this disease. In children and adults, colonization 
by M. restricta was, respectively, 3.5 and 1.5 times higher than that of M. globosa [197].

In a similar study on the presence of Malassezia species occurring on the skin of 31 SD 
patients (i.e., 31 lesional and 27 nonlesional samples), M. globosa and M. restricta were 
observed in 93.5 and 61.3% of the SD patients, respectively [195]. M. dermatis, M. sloof-
fiae, and M. sympodialis were detected in 20–30% of the patients, and the remaining spe-
cies occurred in less than 10%. In both lesional and nonlesional skin, M. globosa and M. 
restricta occurred at 70.4 and 55.6%, respectively, but both types of skin did not differ in 
species composition. In a comparison between AD, SD, PV, and healthy skin, the detection 
rate of all species was the highest in AD patients with 4.1 ± 1.9 species occurring [195]. 
Using real-time PCR, lesional skin was found to harbor three times as many Malassezia 
cells when compared with nonlesional skin. M. restricta was by far the dominant species 
in both lesional- and nonlesional skin with an occurrence of 72.3 ± 15% in lesional skin and 
63.6 ± 16.4% in nonlesional skin, whereas the occurrence of M. globosa was 5.1 ± 7.9% 
and 6.5 ± 6.3 %, respectively (Fig. 3.2). In conclusion, these analyses suggested that M. 
restricta is the dominant species occurring on SD patients. Genotypically, eight IGS 
sequence types occurred among the isolates of M. globosa, and five of them (i.e., IGS 
types II, III, IV, V, VI) occurred on SD patients only, whereas type VII occurred on healthy 
skin, and types I and VIII occurred on both skin from SD and healthy individuals. In M. 
restricta, two main IGS genotypes were apparent, and the isolates of cluster II originated 
from SD patients and those of cluster I came from both SD and healthy individuals [195]. 
The authors concluded that SD is a M. restricta dominated disease.

In a study of 20 psoriatic patients, real-time PCR analysis indicated that Malassezia spp. 
colonized the trunk and head more heavily than the limbs [196]. M. globosa and M. restricta 
occurred on almost all patients with psoriasis, namely 98.0% and 91.8% of lesional skin, 
and 100% and 91.7% of nonlesional skin, respectively. M. restricta was found to be the 
dominant species in both lesional and nonlesional skin, with a presence of 46.9% and 
50.3%, respectively, whereas M. globosa occurred only in 12.6% and 8.2% of these sam-
ples, respectively [196]. Interestingly, psoriatic patients with normolipidaemia showed 
greater colonization by Malassezia yeasts, including M. restricta and M. globosa, than 
patients with hyperlipidaemia. The reason for this is not known, but the authors suggested 
a possible relationship with the observed presence of atrophic sebaceous glands and reduced 
lipid production as observed in hyperlipidaemic transgenic mice. Second, it was suggested 
that antifungal agents might be more effective in patients with normolipidaemia [196].

Paulino et al. [158] investigated the dynamics of the Malassezia community structure in 
time on six healthy skin and two psoriatic skin samples using real-time PCR with dual-
labeled probes based on the 5.8 S rRNA gene and the ITS2 spacer that targeted either each 
of six species or the entire genus. A good correlation was observed between data obtained 
by real-time PCR and those obtained in a clone library study [157, 158]. M. restricta occurred 
in 57–100% and 7–99% of skin samples from healthy patients and psoriasis patients, respec-
tively, and M. globosa was the dominant species, but no differences were observed between 
lesional and nonlesional skin. M. sympodialis was detected exclusively on the upper back of 
healthy individuals, but only in low amounts (i.e., 102–105-fold less than M. restricta). When 
comparing the community structure during a 4-month sampling period in 1-month intervals, 
little variation in the Malassezia communities was observed [158].
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Lesional skin and nonlesional skin of psoriasis patients revealed that all nine species, for 
which Taq-Man probes were available, could be detected in 22 patients. Detection rates of M. 
globosa, M. restricta, and M. sympodialis were 82, 96, and 64%, respectively. No differences 
occurred between lesional and nonlesional skin, and no species-specific colonization dependent 
on age, gender, body site, severity of psoriasis, or treatment was observed [5]. The skin of both 
psoriasis and AD patients showed a greater diversity in Malassezia species as compared with 
normal skin, with an average 3.7 ± 1.6, 4.1 ± 1.9, and 2.8 ± 0.8 species occurring, respectively.

In a study on PV, all PV lesions from 49 patients were found to be positive for Malassezia 
spp. and M. globosa and M. restricta predominated in 93.9% of the cases [142]. Other spe-
cies as M. sympodialis (34.6%), M. dermatis (24.4%), M. furfur (10.2%), M. obtusa (8.1%), 
M. japonica (6.1%), and M. slooffiae (4.1%) were less frequently detected. In lesions that 
showed hyphal growth of Malassezia cells, which is considered an important factor con-
tributing to PV, only M. globosa could be detected. Therefore, the authors concluded that 
PV is mainly caused by M. globosa [141].

These molecular studies suggest that M. globosa and M. restricta are the most impor-
tant species involved in the different skin disorders, AD, SD, PV, and probably psoriasis as 
well. Therefore, emphasis to understand the pathophysiology of Malassezia-mediated skin 
disorders should focus on these two species.

3.1.5  
DNA Sequence Analysis

Nucleotide sequence analysis of the ribosomal DNA locus has fundamentally contributed 
to our current understanding on the biodiversity of Malassezia yeasts. More recently, other 
genes have also been explored for their ability to contribute in understanding the species 
boundaries within the genus.

3.1.5.1  
Ribosomal DNA Sequences

The ribosomal RNA (rRNA) genes (also referred to as rDNA, but this also includes the IGS 
regions) has been widely used for the identification of microorganisms, including clinically 
relevant yeasts. Fig. 3.3 shows the primary structure of the Malassezia globosa rRNA genes 
and spacer regions. Fungal rRNA genes occur in tandem repeats, with each repeat encoding 
18S (or small subunit, SSU), 5.8S, 26S (or large subunit, LSU), and 5S rRNA genes. Two 
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Fig. 3.3   Primary structure of the rDNA locus. On top are the approximate sizes in nucleotides of 
the various parts as they occur in Malassezia yeasts, in the boxes the major rRNA genes are indi-
cated, and below are the smaller 5.8S and 5S rRNA genes and the spacer regions
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spacer regions exist in each repeat, namely the Internal Transcribed Spacer (ITS) regions 
located between SSU and LSU, and the InterGenic Spacer (IGS) region located between 
LSU and SSU. The four subunits have more or less constant lengths regardless the species 
concerned as follows: SSU 1800 bp, 5.8S 160 bp, LSU 3,500bp, and 5S 120 bp. The rRNA 
genes can be compared among phylogenetically distant species because the sequences are 
highly conserved, but phylogenetically closely related species or isolates can be compared 
as well because of the presence of more variable stretches of DNA, such as the ITS and IGS 
spacers (Table 3.4). At present, sequences of the rRNA genes and ITS regions of almost all 
human- and animal pathogenic fungi have been deposited in GenBank.

To be useful as a species-specific diagnostic tool, DNA sequences must be evaluated and 
compared with other criteria, such as phenotype. In general, conspecific strains have identi-
cal (or highly similar) sequences, whereas different species have divergent sequences [186, 
187]. The domains 1 and 2 (i.e., the D1/D2 domains) of the LSU rRNA gene, which is the 
most variable region of LSU, and the ITS 1 + 2 regions are useful for the identification of 
unknown fungal isolates. Peterson and Kurtzman [161] and Sugita et al. [186] suggested 
that conspecific strains have a similarity of 99% or higher in both these regions. In practice, 
almost all pathogenic fungi can be identified following this approach. Sequencing of rDNA 
is relatively straightforward because universal PCR primers are available. PCR primers 
used to amplify the ITS region, including the 5.8S rRNA gene, and the D1/D2 domains of 
the LSU rRNA gene are listed in Table 3.5. Other primer sequences have also been used for 
amplification, but those designated by White et al. [206] and O’Donnell [154] are the most 
commonly used. Primers ITS1, ITS4, NL1, and NL4 are useful to amplify rDNA of all 
fungi. Usually, a nested approach is followed, in which approximately 1.2–1.3 kb of the ITS 
and D1/D2 LSU is amplified using primers ITS1 (forward) and NL4 (reverse). Subsequently, 
a sequencing PCR is performed targeting either the ITS regions or the D1/D2 domains of 
the LSU rRNA gene, or both, using primers ITS1 and ITS4 or NL1 and NL4, respectively.

Guillot and Guého [90] were the first to investigate the usefulness of LSU rRNA 
sequences to address species diversity in Malassezia. This study clearly revealed the 

Table 3.5   PCR primers used for D1/D2 LSU rRNA gene and ITS spacer sequence analysis

Subunit or  
spacer region

Names of primers Sequences Annealing  
temperature

D1/D2 LSU NL1 (forward) GCATATCAATAAGCGGAGGAAAAG 65.3 °C
NL4 (reverse) GGTCCGTGTTTCAAGACGG 65.5 °C

ITS region ITS1 (forward) TCCGTAGGTGAACCTGCGG 68.4 °C
ITS4 (reverse) TCCTCCGCTTATTGATATG 57.6 °C

Table 3.4   Taxonomic resolution of each subunit or spacer region in the ribosomal DNA unit

Subunit of spacer 
region

Class Family Genus Species Strain

SSU

D1/D2

ITS

IGS
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presence of additional species of lipid-dependent Malassezia species, next to M. furfur, 
which were subsequently described as M. globosa, M. obtusa, M. restricta, and M. slooffiae 
[87]. Subsequent studies demonstrated the presence of additional species, such as M. 
caprae, M. dermatis, M. equina, M. japonica, M. nana and M. yamatoensis (see Chap. 2.1). 
The D1/D2 regions of the LSU rRNA gene, which is approximately 600 bp in length, is the 
most variable region in the LSU, and generally useful to identify Malassezia species [103]. 
The amplicon length is identical across all species, and the within-species sequence similar-
ity is above 99% for these Malassezia species (Table 3.6).

The length of the ITS region differs between species, whereas its length among strains of a 
species is usually identical, and this can be used as an identification tool (see also RFLP and 
tFLP, above). Some Malassezia species, however, are an exception to this. For instance, the M. 
globosa ITS1 region ranges from 237 to 266 bp in length and the within-species DNA sequence 
similarity is 88% (Table 3.6). The M. restricta ITS1 region ranges from 210 to 261 bp in length 
showing 73% within-species similarity (Table 3.6). Of the 13 Malassezia species, M. caprae, 
M. dermatis, M. japonica, M. obtusa, and M. yamatoensis do not show infraspecific ITS diver-
sity. The nucleotide order of the ITS regions turned out to be useful for the identification of 
Malassezia strains as well as to infer their phylogenetic relationships [129].

In general, most Malassezia species can be identified using the D1/D2 LSU rRNA gene 
sequence only. Caution is needed, however, as some Malassezia species, namely M. sympo-
dialis and the phylogenetically closely related species M. caprae, M. dermatis, and M. 
equina, could not easily be identified following this approach (Table 3.7). M. caprae and M. 
equina were separated from M. sympodialis sensu lato based on phylogenetic analyses [30, 
31], but they also differ phenotypically. D1/D2 LSU sequences of these four species show 

Table 3.6   Summary of the ITS1, ITS2, and D1/D2 LSU rDNA sequences of Malassezia spp

Species ITS1 ITS2 D1/D2 LSU

Length  
(bp)

Similarity  
(%)

Length  
(bp)

Similarity  
(%)

Similarity  
(%)

Malassezia caprae 164 100 231 100 100

Malassezia dermatis 161 100 233 100 100

Malassezia equina 162–164 >99 232 100 100

Malassezia furfur 209–210 >95 370 100 >99

Malassezia globosa 237–266 >88 278–290 >91 >99

Malassezia japonica 208 100 337 100 100

Malassezia nana 182–186 >97 241–242 >98 >99

Malassezia obtusa 213 100 367 100 100

Malassezia 
pachydermatis

186–187 >94 328–344 >94 >99

Malassezia restricta 210–261 >73 276 >99 >99

Malassezia slooffiae 195–196 >99 313–316 >99 100

Malassezia sympodialis 162–163 100 234–235 100 100

Malassezia yamatoensis 176 100 298 100 100
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more than 98–99% sequence similarity and they share 82–93% and 88–95% sequence simi-
larity in the ITS1 and ITS2 regions, respectively (Table 3.7). Therefore, DNA sequencing of 
both the ITS regions and the D1/D2 domains of the LSU rRNA gene is recommended to 
identify isolates that may belong to M. sympodialis and related species. In practice, it may, 
therefore, be best to use both these rDNA regions to identify isolates of unknown identity.

The more variable IGS regions are less suitable as an identification tool of fungal spe-
cies. Sequence analysis of the IGS regions has, however, been applied to assess species 
diversity within Malassezia and this turned out to be particularly useful to study strains 
genotypically as an epidemiological tool [189–192].

Recently pyrosequencing, yielding c. 30 bp fragments of the ITS1 + 2 regions and the 
5.8S rDNA, has been used to identify M. slooffiae, M. pachydermatis, and M. sympodialis 
[140]. However, species of Trichosporon and some members of Cryptococcus, including 
members of the C. neoformans complex, and some related Bullera species could not be 
identified. Malassezia yeasts have also been identified with the MicroSeq D2 LSU ribosomal 
DNA sequence kit [110]. Both these latter methods need further evaluation before they can 
be implemented in routine diagnostics of Malassezia yeasts in the clinical laboratory.

3.1.5.2  
Other Genes

Analysis of partial sequences of the mitochondrial Large subunit ribosomal RNA (mtLrRNA) 
that were generated with primers ML7 (5’-GACCCTATGCAGCTTCTACTG-3’) and ML8 
(5’-TTATCCCTAGCGTAACTTTTATC-3’) discriminated between all seven species studied 
[209]. Two loci of the chitin-synthase 2 (CHS2) gene and the ITS 1 region have been used to 
genotype isolates of M. pachydermatis obtained from dogs and cats [2, 3, 38, 117]. In a sample 
of 185 dogs, three CHS2 genotypes and eight ITS1 genotypes were distinguished. Two ITS1 
types (namely A11 and B11) occurred on all skin sites investigated, whereas one type (C12) was 
associated with specific body sites [38]. Analysis of partial sequences of the RNA polymerase 

Table 3.7   DNA sequence similarity of rDNA units among the related species M. sympodialis, 
M. caprae, M. dermatis, and M. equina

Subunit or spacer  
region

Species M. caprae M. dermatis M. equina

D1/D2 LSU M. dermatis 98 X 98

M. equina 99 98 X

M. sympodialis 99 99 99

ITS1 M. dermatis 93 X 85

M. equina 82 85 X

M. sympodialis 88 90 85

ITS2 M. dermatis 95 X 91

M. equina 91 91 X

M. sympodialis 91 91 88
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subunit 1 (RPB1) has been used to assess biodiversity within the M. sympodialis clade that also 
included M. nana [31]. The authors, however, were unable to easily amplify the RPB1 gene in 
all species and, therefore, the amplification method of this locus needs further optimization.

3.1.6  
Skin Community Analysis and Environmental Samples

One of the major challenges in the epidemiology of Malassezia-related diseases is the analy-
sis of the (skin) microbial community structure in order to establish the role of Malassezia 
species in the various diseases, and to study the Malassezia community dynamics in time or 
as a consequence of treatment with antifungals. Multiple methods have been reported to 
identify Malassezia species from skin without culture of clinical material [71, 80, 185, 188, 
190], but most of these methods require either separate amplification with specific primer 
sets or digestion of the amplification products (see RFLP above). Some real-time PCR pro-
tocols have been useful to study and quantify the presence of individual species (see PCR 
methods above). In microbial ecology, the study of community structure using the analysis 
of clone libraries obtained with taxon specific (e.g., panfungal) primers that target the rDNA 
locus has received considerable attention. This approach was applied to the analysis of pso-
riatic skin of five healthy humans and three patients with psoriasis [157]. The panfungal 
primers used targeted the SSU rDNA or were Malassezia specific based on the 5.8S rDNA 
and ITS 2 region (viz. Mal1F 5’-TCTTTGAACGCACCTTGC-3’ and Mal1R 
3’-CATGATACGTCATTTGCT-HT-5’). After cloning, the SSU rDNA amplicons were 
digested with HaeIII and the nucleotide order was determined [157]. The amplicons based on 
the Mal1F and Mal1R primers were also analyzed by digestion, in this case with DraI and 
XbaI, in order to specifically detect M. globosa and M. restricta. Amplicons that did not 
digest were sequenced to assess the species identity. Interestingly, this analysis yielded two 
unknown sequence types A and B (referred to as phylotypes A and B) that were the most 
prevalent sequences observed and that were closely related to, but not identical with M. 
furfur. On healthy skin, five Malassezia species were observed, with M. restricta dominating 
the samples from two subjects and M. globosa those from one other individual. M. sympodia-
lis, M. pachydermatis, and M. furfur were observed as well. Healthy skin yielded four new 
phylotypes that may represent a yet undescribed species. Phylotype 1 occurred on all humans 
samples, whereas the other three phylotypes were found more rarely. In most of the healthy 
human beings, the Malassezia communities present on the right and left forearms were found 
to be similar. Three Malassezia species, namely M. restricta, M. globosa, and M. sympodia-
lis, and an unknown phylotype occurred in psoriatic patients. Different samples obtained 
from one subject were similar, despite their site of isolation, from healthy or diseased skin, 
but those from the two other subjects showed differences in species composition. Similar to 
most other studies, and based on the number of clones detected, M. restricta and M. globosa 
were the most dominant species present in healthy and psoriatic skin [157].

In ecological studies, in which environmental samples were tested, DNA of Malassezia 
species has been detected in expected, but also in some unexpected habitats. Fourteen per-
cent of 1,339 ITS clones made from indoor dust in Finland were related to various 
Malassezia species, and five out of 234 basidiomycetous sequences were related to M. 
restricta [164], thus indicating that Malassezia spp. may also occur abundantly in indoor 
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environments. DNA of M. globosa was detected in low moisture soil from Antarctic dry 
valley [68], DNA of M. restricta occurred in the gut of beetles originating from Southern 
Louisiana [211], as well as in nematodes from German soils [175], and Malassezia DNA 
was detected in methane hydrate-bearing deep-sea sediments [124]. These observations 
conflict with the supposed and, so far, exclusive occurrence of Malassezia yeasts on warm-
blooded animals. It may well be that these observations imply that Malassezia yeasts occur 
in yet unknown environmental habitats. An alternative explanation may be that during sam-
pling or processing of the environmental samples contamination by Malassezia DNA origi-
nating from other sources has occurred. Until the presence of Malassezia DNA and cells 
has been demonstrated unequivocally and undisputedly in such habitats, e.g., by using 
detection techniques combining both molecular and morphological characteristics, such as 
fluorescent in situ hybridization (FISH), their presence in such habitats remains putative.

3.1.7  
Other Methods

Fourier transform infrared spectroscopy (FT-IRS) has been applied to identify Malassezia 
isolates [116]. This rapid method separated M. furfur from the remaining species. Isolates 
obtained from PV lesions were identified as M. globosa (62%), and those from dandruff as 
M. furfur (60%). As this latter observation conflicts with other published data, e.g., those 
from Gemmer et al. [80], FT-IRS needs further evaluation before its clinical application in 
Malassezia diagnostics.

3.2  
Human Epidemiology 

Takashi Sugita and Aristea Velegraki

3.2.1  
Introduction

Although Malassezia species colonize the skin of healthy individuals, they cause pityriasis 
versicolor (PV), seborrheic dermatitis (SD), and Malassezia folliculitis (MF), and can exac-
erbate atopic dermatitis (AD). Malassezia species are also thought to be involved in psoriasis 
and acne vulgaris, although the detailed role of the microorganisms is unknown. Malassezia 
requires lipids for its growth; thus, it colonizes the sebaceous areas of the skin such as those 
on the face, scalp, and upper trunk, which are colonized to a greater extent than the limbs. It 
has also been shown that Malassezia species are heterogeneous. Although M. furfur has long 
been thought to cause or exacerbate several skin diseases, Guého et al. showed in 1996 [87] 
that M. furfur actually consists of five distinct species: M. furfur, M. globosa, M. obtusa, M. 
restricta, and M. slooffiae (see Chap. 2.1 for details). Since then, several studies were con-
ducted, which aimed at elucidating the diseases caused by specific Malassezia species.

Initially, most of these studies involved qualitative comparisons of the Malassezia 
 microbiota between lesion and nonlesion sites in patients, or between patients and healthy 
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individuals. More recently, quantitative analyses have been performed, as well as investiga-
tions into the relationships of the microbiota with aging or gender in healthy individuals, 
between children and adult patients, and among disease types. The Malassezia microbiota 
associated with different skin diseases are described in the following sections of this chapter. 
The apparent variability in the data may be explained by differences in race or region; it may 
also be the result of differences in sampling methods or culture media among the studies. 
Contact plates, swabs, and tape strips have been used to sample scale. Dixon media or 
Leeming and Notman agar (LNA) are used for Malassezia cultures. One member of the 
genus Malassezia, M. restricta, is often absent in cultures of clinical samples because its 
growth on plates is slower and therefore the species is easily overgrown by other isolated 
related species. All of the Malassezia species in a sample must be recovered from the medium 
to obtain an accurate quantitative analysis. Unfortunately, an optimized growth medium for 
all Malassezia species is not yet available. Culture-dependent methods can yield significant 
numbers of viable cells but have limited ability to produce accurate analytical results. Thus, 
methods that do not require an incubation period (i.e., molecular-based, culture-independent 
methods) have been developed to analyze the distribution of Malassezia microbiota.

In the molecular-based, culture-independent methods, sampling is performed using 
tape or a swab, and fungal DNA is subsequently extracted directly from the collected 
samples and analyzed by PCR. This method is not influenced by composition of the iso-
lation medium, and thus slow-growing species, such as M. restricta and M. obtusa, may 
be detected. Even so, the results may be influenced by the DNA extraction method or the 
PCR detection sensitivity. In addition to Malassezia, fungi such as Candida and many 
bacteria colonize the skin. Therefore, high primer/probe specificity is needed to detect 
specific microbiota. In 2001, Sugita et al. introduced a DNA-based, culture-independent 
method for use in Malassezia research [188]. They used a transparent dressing to sample 
scale and nested PCR to increase the detection sensitivity for Malassezia DNA. In 2006, 
they also developed a quantitative real-time PCR method using TaqMan probes that 
allowed detection of as few as 10 copies of Malassezia DNA [193]. Retrospective studies 
also can be conducted using this procedure, as template DNA can be stored. This method 
is currently the most reliable and appropriate for analyzing Malassezia microbiota.

The number of accepted Malassezia species has doubled over the last decade, and many 
more species may exist. A comprehensive analysis using a clone library method is needed 
to identify all species of Malassezia. In this section, the epidemiology of each Malassezia-
related skin disease and changes in the microbiota related to aging or gender in healthy 
individuals are described.

3.2.2  
Malassezia in Healthy Individuals

The cutaneous Malassezia microbiota of an individual is formed immediately after birth. 
In a British study of 245 neonates (<28 days of age), skin swabs from 78 patients (31.8%) 
were positive for Malassezia on LNA, and 41 of 42 neonates were positive at follow-up 
[6]. In a second study examining 195 neonates in Iran [212], M. furfur and M. globosa 
were recovered from the medium in 60.5% and 7.2% of the patients, respectively; 31.3% 
of the cultures were negative for Malassezia. Recently, M. dermatis has been reported for 
the first time in 19 healthy individuals aged 17–55 years of age in Korea [125] by 
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 culture-dependent methods. The identity of M. dermatis isolates was corroborated by 
sequencing of the ITS1 and 26S rDNA. However, quantitative studies to associate M. 
dermatis colonization and exacerbation or causation of skin disorders are pending.

Malassezia colonizes the sebaceous areas of the skin on the face, scalp, and upper trunk; 
the extent of colonization on the limbs is comparatively lower. Sebaceous gland activity is 
minimal in children, begins to increase at mid- to late childhood in response to androgen 
secretion, continues to increase until 16–19 years of age, and then shows no further signifi-
cant change until old age [166]. Thus, given the dependency of sebaceous gland activity on 
age and gender, the Malassezia microbiota of healthy individuals should be assessed at every 
age and in both genders. Several studies, including two large-scale studies, have examined 
the Malassezia microbiota of healthy individuals. In 2004, Gupta et al. examined 245 healthy 
Canadian subjects [99]. The microorganisms were sampled by pressing contact plates filled 
with LNA to the skin, and positive colonies were identified based on their physiological 
features and molecular characteristics. The subjects were classified into groups (I–VI, respec-
tively) by age: 0–3, 4–14, 15–25, 26–40, 41–60, and >60-years old. The rate of positive 
cultures in children £14 years of age was only 36%, whereas that in subjects ³15 years of age 
was approximately 90%. The number of colonies recovered from the medium increased 
markedly beginning at age 15 (Fig. 3.4). The distributions of M. furfur, M. globosa, and M. 
sympodialis differed significantly among the age groups. In group I, M. globosa and M. 
furfur were the predominant species, accounting for 90% of the colonies; no M. sympodialis 
was found in group I. In groups II–VI, M. globosa and M. sympodialis accounted for 90% of 
the colonies. They found no significant difference between the genders in any age group.

In the second large-scale study, 770 healthy Japanese individuals aged 0–82 years were 
examined using a molecular-based, culture-independent method [194]. In males, the total 
amount of Malassezia DNA remained essentially constant between 0 and 9 years of age and 
then increased markedly up to 16–18 years of age (Fig. 3.5). In females, the amount of 
Malassezia DNA increased until 10–12 years of age, then decreased until 19–22 years of age, 

Fig. 3.4   Distribution of 
Malassezia species among 
individuals in different age 
groups as determined by 
culture-dependent analysis. 
The figure is based on 
original data from Gupta 
et al. [99]. Symbols indicate 
the number of individuals 
positive for Malassezia 
(closed circle), M. sympo-
dialis (closed diamond), M. 
globosa (closed square), 
 M. furfur (open square), and 
M. restricta (open circle)
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and then increased again until 30–39 years of age before finally decreasing gradually with age 
beyond 39 years. Overall, males contained more Malassezia DNA than females. The ratio of 
total Malassezia colonization between males and females ranged from 0.7 to 3.4 until 15 
years of age, after which it increased rapidly to 34 at 19–22 years of age (Fig. 3.5). M. globosa 
and M. restricta accounted for more than 70% of the total Malassezia DNA in both males and 
females at all ages. In males, M. restricta predominated at all ages and was overwhelmingly 
predominant after 16 years of age (Fig. 3.6). In females, M. globosa was dominant at 10–18 
years of age, and M. restricta predominated over M. globosa after 23 years of age (Fig. 3.6).

Given that Malassezia requires lipids for growth, it is thought that changes in the 
Malassezia microbiota occur with changes in the composition of sebum, which consists of 
ceramides, fatty acids, cholesterol, cholesterol esters, squalene, triglycerides, and wax esters. 
Lipases secreted from cutaneous microorganisms hydrolyze the triglycerides into glycerin 
and free fatty acids, which serve as nutrients for the microorganisms. Yamamoto et al. [210] 
investigated the relationship between aging and the composition of saturated and unsatu-
rated fatty acids (C14–C18), including straight and branched chains, in sebum. The proportion 
of C16 iso-branched fatty acids decreased markedly from infancy until the age of twenty and 
then increased slightly until senescence. The C18:1 straight-chain component decreased dur-
ing the twentieth year of age and did not change significantly thereafter. The percentages of 
C15:1 and C16:1 straight-chain components increased with age from infancy to the age of 
twenty and gradually decreased until the age of fifty. In contrast, the proportion of C16:1 iso-
branched fatty acids decreased from infancy until maturity, with its lowest point occurring at 
the age of twenty, and gradually increased until the age of fifty. Overall, the proportion of 
each fatty acid changed significantly at the age of twenty, as did the amount of sebum. Thus, 
age-related changes in the extent of colonization and the composition of the Malassezia 
microbiota are closely associated with age-related changes in sebaceous gland activity and 
the fatty acid composition of sebum. In addition, cosmetics may have an effect on the micro-
biota, as preservatives included in the cosmetics can inhibit the growth of Malassezia.

Fig. 3.5   Change in the 
amount of Malassezia DNA 
present in humans of 
different age. Males (closed 
circle), females (open 
circle), ratio of the amount 
of Malassezia DNA in males 
vs. females (open triangle) Age (Years)
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In summary, the Malassezia microbiota of healthy individuals is gender-dependent and 
changes with age. Nevertheless, M. globosa and M. restricta predominate in both genders 
and in all age groups.

3.2.3  
Malassezia-Related Skin Diseases

3.2.3.1  
Pityriasis Versicolor

Pityriasis versicolor (PV) is a superficial infection of the stratum corneum caused by 
Malassezia. It is most commonly found on the trunk and upper arms of people in their 
twenties and thirties, occurring often during the summer but not during the winter. Direct 
microscopic examinations using methylene blue stain have revealed hyphae and yeast 
cells among the scales collected from the lesions of PV patients; however, hyphae are rare 
in other Malassezia-related diseases.

Studies of the Malassezia microbiota in PV have been conducted in several counties; six 
representative studies are summarized in Table 3.8. M. globosa was isolated at a rate of 60% 
by culture-dependent analysis in a Spanish study (Southwest Europe) [53] (Table 3.8). A 
Greek study (Southeast Europe) also suggested that M. globosa was a major Malassezia 
species in PV patients [73]; M. globosa was identified alone or in combination with other 
Malassezia species in 77 or 12.7% of the Malassezia-positive then patients, respectively. In 
a Canadian study, M. sympodialis (68.8%) was the predominant species, followed by M. 
furfur (12.3%) and M. globosa (6.3%) [101]. Also, in studies conducted in Iran (southwest 

Fig. 3.6   Proportions of the predominant species Malassezia globosa and M. restricta in males and 
females, respectively. M. globosa (closed circle), M. restricta (open circle), M. globosa plus  
M. restricta (triangle) 
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Asia) and in Bosnia and Herzegovina (the Balkan peninsula) M. globosa was the predomi-
nant species isolated from lesional sites [171, 198, 213] followed by M. sympodialis and 
M. furfur. Little or no M. restricta (Table 3.8) was isolated from patients in these studies 
using culture-dependent analysis. However, M. globosa and M. restricta were detected in 
almost all PV patients by nested PCR using species-specific primers in a Japanese study 
[141]. Real-time PCR revealed that M. globosa DNA accounted for 62.8 ± 18.1% of all 
Malassezia DNA (Fig. 3.2), and the extent of colonization of M. globosa was six times that 
of M. restricta [184]. The detection frequency of M. sympodialis was 34.6%, and that of the 
other species ranged from 4.1 to 24.4%. Thus, DNA-based analyses suggest that M. globosa 
is qualitatively and quantitatively the predominant species in the scale of PV patients.

Hyphae are frequently observed in the scale of PV patients; therefore, the presence of 
hyphae is important in elucidating the causative agent of PV. Following treatment with 
antifungal agents, yeast cells were detected in the scale of PV patients, whereas hyphae 
were not observed, in accordance with the reported improvement of the patients’ symp-
toms. Only M. globosa DNA was detected by PCR when scale samples containing only 
hyphae were harvested [141]. Furthermore, no report has shown that M. restricta develops 
hyphae in vitro. Taken together, these data suggest that M. globosa plays a significant role 
in the pathogenesis of PV.

Table 3.8   Distribution of Malassezia species in patients with pityriasis versicolor

Analytical  
methods

Culture-dependent  
methods

Culture-independent 
method

Countries  
References

Spain  
[53]

Canada  
[101]

Iran  
[198]

Greece  
[73]

Bosnia and H* 
[171]

Japan  
[141]

Number of  
patients

96 23 94 71 90 49

M. globosaa 60b 6b 53b 77b 63b 94b

M. restricta NI NI NI 2c NI 94b

M. sympodialis 33c 69b 9b 13c 14b 35b

M. dermatis NI NI NI NI NI 24b

M. furfur NI 12b 25b 5c 10b 10b

M. obtusa NI 6b 8b NI 8b 8b

M. japonica NI NI NI NI NI 6b

M. slooffiae 7c 6b 4b 3c 5b 4b

M. yamatoensis NI NI NI NI NI 4b

Medium used  
for isolation

mDA LNA DA mDA mDA –

DA Dixon agar; mDA modified Dixon agar; LNA Leeming and Notman agar; NI not identified;  
H* Herzegovina
aNumber indicates the percentage (%) of the total number of patients with PV
bSamples collected from lesional sites
cPercentage refers to co-isolation with M. globosa
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3.2.3.2  
Seborrheic Dermatitis

Seborrheic dermatitis (SD) is a common inflammatory skin disease associated with sebor-
rhea. It occurs most often on areas of the body that are rich in sebaceous glands, such as the 
face, scalp, and upper trunk. The disorder is present in 1–3% of the general population and 
is more prevalent in men than in women; it is frequently observed in patients with acquired 
immunodeficiency syndrome (AIDS), with an incidence of 30–33% [8, 98]. SD is also 
observed in patients with Parkinson’s disease. In addition, SD is among the new secondary 
effects appearing recently with the use of antitumor agents, such as cetuximab and erlotinib, 
an epidermal growth factor (EGF) receptor inhibitor [176]. The condition often has a sea-
sonal aspect, being more common and, in chronic cases, more severe in the winter months. 
The cause of SD has not been clarified; however, several possible contributors to the devel-
opment of the disorder, including exogenous and endogenous factors, have been described. 
Of these, Malassezia has generated a large body of data, indicating that it plays a major etio-
logical role in SD. The clinical condition is improved in accordance with a reduction in the 
number of Malassezia cells in the lesions following antifungal treatment with itraconazole 
or ketoconazole, suggesting that Malassezia is strongly associated with the development of 
SD [102]. The free fatty acids produced by the hydrolysis of sebum by lipases serve as 
nutrients for cutaneous microorganisms and also induce inflammation of the skin.

The distribution of Malassezia in patients with SD from various countries is summarized 
in Table 3.9. A culture-dependent analysis from Canada showed that M. globosa was the 
predominant species (45.0%) in lesions, followed by M. sympodialis (30.8%) and M. slooffiae 
(10%) [101]. Moreover, the trunk was found to be the most highly colonized site on the body, 
and the overall recovery rate was 82.1%. However, the recovery rate in studies from Sweden 
and Japan was much lower. M. globosa, M. furfur, and M. sympodialis were recovered in 
20.8, 20.8, and 6.3% of the samples, respectively, in a Japanese study [145], and M. sympo-
dialis, M. obtusa, and M. slooffiae were recovered in 25, 25, and 12.5% of the samples, 
respectively, in a Swedish study [180]. A common feature among these three studies is that no 
M. restricta was recovered from the samples. In a Greek study of SD patients, M. globosa was 
isolated alone (33.3%), in combination with either M. sympodialis or M. restricta (13.3%), 
and together with both M. sympodialis and M. restricta (1 patient 2.2%). It was concluded in 
that study that M. globosa was the prevalent species in SD patients and occurred either alone 
or in combination with other Malassezia species [73]. However, by culture-independent anal-
ysis, a Japanese study showed that M. globosa and M. restricta were the predominant species 
at both lesion and nonlesion sites in SD, accounting for 5.2 ± 7.9% and 72.3 ± 15.0%, respec-
tively, of the Malassezia DNA detected by real-time PCR [195] (Fig. 3.2). Malassezia sympo-
dialis, M. dermatis, and M. slooffiae were present at rates of 25.8–35.5% at lesion sites and at 
rates of 14.8–22.2% at nonlesion sites; other species, including M. furfur, M. obtusa, and M. 
yamatoensis, were detected at rates below 10% at lesion and nonlesion sites.

As for colonization by Malassezia cells, the results varied as well. One study indicated 
a correlation between the density of Malassezia cells and the clinical severity of SD [111], 
yet another study indicated that the number of Malassezia colonies at lesion sites was 
significantly lower than that at nonlesion sites [101]. A DNA-based study revealed that the 
Malassezia microbiota at lesion sites was more diverse than at nonlesion sites [195], that 
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the detection frequency of each species in lesion skin was higher than that in nonlesion 
skin, that the average numbers of species per individual in lesion and nonlesion skin were 
2.8 ± 1.6 and 1.9 ± 1.2, respectively, and that the overall colonization by Malassezia was 
higher in lesion skin than in nonlesion skin.

Dandruff is an exceptionally common scalp condition characterized by flaking and scal-
ing. Dandruff can be thought of as either a mild variant of SD or as a separate condition 
that is capable of worsening into true SD. The key distinction between dandruff and SD is 
that there is no visible inflammation associated with dandruff. Gemmer et al. [80] first 
attempted to detect Malassezia from dandruff samples using a DNA-based approach (see 
Sect. 3.1.4.4). The subjects were separated into two groups (<10 and >24) based on scoring 
according to an adherent scalp flaking scale (ASFS). Both M. globosa and M. restricta 
were predominant in the dandruff from each group. Those subjects with a high composite 
ASFS score were more likely to be positive for Malassezia (M. restricta, 71.7% for a high 
composite score vs. 50.0% for a low composite score; M. globosa, 45.7% for a high com-
posite score vs. 33.3% for a low composite score). M. sympodialis, M. slooffiae, M. obtusa, 
and M. furfur were detected in a very small percentage of the subjects from each group. A 
significant percentage of subjects in each group (28.3% with ASFS score <10; 28% with 

Table 3.9   Distribution of Malassezia species in patients with seborrhoeic dermatitis

Analytical 
methods

Culture-dependent  
methods

Culture-independent  
methods

Countries 
References

Canada 
[101]

Japan 
[145]

Sweden 
[180]

Greece 
[73]

Japan  
[195]

USA  
[80]

Number of 
patients

28 48 16 38 31 46 24

M. globosaa 45b 21b 6b 58b,c 93b 70d 46e 33f

M. restricta 38 NI NI 48b,c 61b 56d 72e 50f

M. sympodialis 37b 6b 25b 8b,c 26b 15d 7e 8f

M. dermatis 8b NI NI NI 35b 19d NI NI

M. furfur NI 21b 6b 2b,c 6b NI NI NI

M. obtusa NI NI 25b NI 10b NI 2e NI

M. japonica NI NI 13b NI 13b 4d NI NI

M. slooffiae 10b NI 12b 5b,c 32b 22d 4e NI

M. yamatoensis NI NI NI NI 10b 4d 4e NI

Medium used  
for isolation

LNA DA LNA mDA – – – –

DA Dixon agar; mDA modified Dixon agar; LNA Leeming and Notman agar; NI not identified
aNumber indicates the percentage for total number of patients
bSamples collected from lesional sites
cCo-isolation of mixed Malassezia species from lesions
dSamples collected from nonlesional sites
eSamples collected from patients at >24 of adherent scalp flaking scale (ASFS)
fSamples collected from patients at <10 of ASFS



893 Epidemiology of Malassezia-Related Skin Diseases 89

ASFS score >24) were positive for non-Malassezia species. To date, no quantitative analy-
sis of dandruff has been reported.

3.2.3.3  
Atopic Dermatitis

Atopic dermatitis (AD), which is defined as dermatitis with pruritus, is a chronic disease 
involving cycles of remission and deterioration. AD is characterized by hypersensitivity to 
dry skin, which may involve IgE antibodies and various environmental factors. As the bar-
rier function of the cutaneous surface is low in AD patients, their skin is easily stimulated 
by normal cutaneous microorganisms. A relationship between AD and cutaneous 
Malassezia has been suggested based on the fact that anti-Malassezia IgE antibodies have 
been detected in patients with AD but not in healthy subjects. In particular, in head and 
neck AD, there is a significant correlation between the level of anti-Malassezia IgE and 
clinical severity [6]. In addition, the symptoms of AD patients may be improved by anti-
fungal agents such as ketoconazole and itraconazole, according to a reduction in the num-
ber of Malassezia colonies in their lesions [55, 151]. Currently, Malassezia is considered 
to be an exacerbating factor in AD.

A study conducted by Nakabayashi et al. [145] detected M. furfur, M. globosa, M. sym-
podialis, and M. slooffiae in 21.4, 14.3, 7.1, and 3.6% of samples from Japanese AD 
patients, respectively (Table 3.10). A study performed in Sweden [180] produced similar 
data, while a Canadian study by Gupta et al. [101] showed that M. sympodialis was the 
predominant species in patients with AD (detection rate, 51.3%). Common among the 
three culture-dependent studies is that M. restricta was rarely or never isolated from the 
medium (0–7.7%). With the detection of Malassezia by a molecular-based, culture-inde-
pendent method, which may be considered to be superior for the detection of Malassezia 
spp. by traditional methods, Tajima et al. [195] found both M. globosa and M. restricta to 
be the predominant species in AD, while the detection rate of M. sympodialis was 58.3% 
and the detection rates for other species ranged from 13.9 to 33.3%. The serum levels of 
IgE antibodies against the two major species were also found to be higher than those 
against other species [118].

The onset of AD usually occurs during the first 6 months of life, and the prevalence of 
AD, which is similar in the United States, Europe, and Japan, is increasing. AD is classi-
fied into three sequential phases: infantile, childhood, and adult. Although the incidence of 
AD decreases with age, the severity of AD tends to be greater in adults. The species of the 
Malassezia microbiota were similar between children with AD (9.7 ± 1.5-years old) and 
adults with AD (36.1 ± 9.5-years old). In addition, M. globosa and M. restricta were 
detected in 100% of child and adult AD patients, whereas the other species were detected 
in no more than 40% of the cases. Totals of 3.2 ± 1.3 and 2.8 ± 1.1 species were detected in 
samples from children and adults with AD, respectively [197]. Quantitatively, the 
Malassezia microbiota differed significantly between children and adults with AD. 
Colonization by Malassezia in adults was 2.4-fold of that in children. The percentages of 
M. globosa and M. restricta were similar in adults, while M. restricta was the predominant 
species in children. The serum level of Malassezia-specific IgE antibodies was lower in 
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children than in adults. Antifungal agents have been given as an alternative therapy to AD 
patients; however, clinical improvement of the patients’ symptoms has been observed only 
in adults. It appears that antifungal therapy (e.g., ketoconazole or  itraconazole) may be 
effective in adult cases of AD affecting the head and neck [55].

3.2.3.4  
Malassezia Folliculitis

Malassezia folliculitis (MF) involves pruritic papules and pustules that occur mainly on the 
trunk and upper arms and may also be seen in association with pregnancy, leukemia, and 
Hodgkin’s disease in immunocompromised patients [6]. The development of MF may be 
related to temperature and humidity, as MF appears to be more common in tropical countries.

Follicular occlusion is a primary event in the development of folliculitis, with Malassezia 
overgrowth as a secondary occurrence. Propionibacteria and staphylococci are found dis-
tributed within affected follicles, although few studies of MF have attempted to culture the 
follicular contents. A recent culture-dependent study of 32 Japanese patients demonstrated 
that the predominant species recovered from folliculitic lesions were M. globosa and M. 
sympodialis, while M. restricta, M. globosa, and M. sympodialis were isolated using cul-
ture-independent methods [4].

Table 3.10   Distribution of Malassezia species in patients with atopic dermatitis

Analytical  
methods

Culture-dependent  
methods

Culture-independent  
methods

Countries  
References

Japan  
[145]

Canada  
[101]

Sweden  
[180]

Japan  
[195]

Number of patients 28 31 124 31

M. globosaa 14b 18b,c 11b 100b

M. restricta NI 8b,c 3b 97b

M. sympodialis 7b 51b,c NI 58b

M. dermatis NI NI NI 31b

M. furfur 21b 10b,c NI 33b.

M. obtusa NI 10b,c 5b 28b

M. japonica NI NI NI 33b

M. slooffiae 4b 3b,c 3b 31b

M. yamatoensis NI NI NI 14b

Medium used  
for isolation

DA LNA LNA –

DA Dixon agar; mDA modified Dixon agar; LNA Leeming and Notman agar; NI not identified
aNumber indicates the percentage (%) for total number of patients
bSamples collected from lesional sites
cSamples collected from nonlesional sites
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3.2.3.5  
Psoriasis

Psoriasis (PS) is a multifactorial immune skin disease whose etiology involves microbial 
environmental factors in combination with a strong genetic component, including several 
genes encoding proteins involved in epidermal differentiation and immune, inflammatory, 
and pathogen responses. Various microorganisms are considered to be associated with the 
provocation and exacerbation of PS; these include Streptococcus pyogenes, Staphylococcus 
aureus, Malassezia spp., and Candida albicans [70]. The association between PS and S. 
pyogenes was first noted 50 years ago. However, our knowledge of Malassezia and PS is 
not as extensive as our knowledge of PV, SD, and AD. Malassezia upregulates keratino-
cyte expression of transforming growth factor-beta1 and heat shock protein 70, which are 
associated with hyperproliferation and cell migration in the epidermis and which are more 
highly expressed in psoriatic skin colonized with Malassezia than in noncolonized psori-
atic skin [70]. Antifungal treatment has been shown to improve psoriatic scalp lesions 
[67]. In a Canadian study using culture-dependent methods, M. globosa (57.7%) and M. 
sympodialis (30.8%) were found to be the predominant species in the lesions of patients 
with PS (Table 3.11) [101]. In 40 psoriatic patients with scalp involvement studied in 
Bosnia and Herzegovina [170] on the Balkan Peninsula, M. globosa was also the predomi-
nant (55%) lesional isolate, followed by M. slooffiae (17.5%) and M. restricta (10%) but, 
surprisingly, M. sympodialis was absent. In that culture-based study, M. restricta was the 
predominant isolate form healthy scalp specimens of 40 clinically healthy individuals and 
significant difference in the distribution of Malassezia species was recorded between pso-
riatic and healthy scalp. An Iranian study of 110 PS patients and 123 healthy individuals 
reported that the frequency of positive cultures among the PS patients was lower than that 
among the healthy controls (62.7 vs. 87.0%, respectively) [213]. Malassezia globosa, M. 
furfur, and M. restricta were predominantly recovered in psoriatic scalp cultures 
(Table 3.11).

Using a PCR-based, culture-independent method, Amaya et al. [5] showed that M. 
globosa (68.2%) and M. restricta (90.9%) were the major components, followed by M. 
sympodialis (50.0%), in the lesions of 22 PS patients (Table 3.11). Colonization by M. 
restricta was five times the colonization by M. globosa at all body sites. In addition, 
Malassezia colonization was significantly lower in patients with hyperlipidemia than in 
patients with normolipidemia [196]. No correlation has been demonstrated between the 
psoriasis area and severity index (PASI) and the amount of colonization by 
Malassezia.

A comprehensive analysis of PS patients using a clone library was performed by Paulino 
et al. [157], who analyzed 25 skin samples from five healthy subjects and three PS patients 
using broad-range 18S rDNA and 5.8S rDNA/ITS2 Malassezia-specific primers. An anal-
ysis of 1,374 clones identified five species (M. globosa, M. restricta, M. sympodialis, M. 
furfur, and M. pachydermatis) and four unknown phylotypes, potentially representing new 
species. The Malassezia microbiota did not change significantly over 6 months. Samples 
of the Malassezia microbiota from healthy skin and psoriatic lesions were similar in one 
patient but substantially different in two others. No consistent pattern differentiating pso-
riatic skin from healthy skin was found.
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3.2.3.6  
Genotype analysis of the two predominant species, M. globosa and M. restricta

In the rRNA gene, the IGS region, which is located between the small and large subunits, 
shows a remarkable diversity in fungi. The IGS region is further divided into two subre-
gions, IGS1 and IGS2. A phylogenetic tree constructed from the IGS1 sequences of M. 
globosa consisted of eight clusters (Fig. 3.7), each of which corresponded to a different 
subject or patient group (i.e., healthy subjects, patients with AD, and patients with SD) [190, 
195]. Cluster VII corresponded to the sequences derived from healthy subjects only, whereas 
clusters I and VIII corresponded to sequences from both AD/SD patients and healthy sub-
jects. The remaining five clusters were specific to patients. M. globosa IGS1 has four short 
sequence repeats (SSRs): one (GT)n and three (CT)n. The number of (CT) repeats in the 
(CT)n SSRs was more variable in the healthy subjects than in the AD patients, who exhibited 
4–11 (CT) repeats at CT1; 3–10, at CT2; and 3–11, at CT3. This corresponds to four (CT) 
repeats in 50% of the samples from AD patients, eight repeats in 60%, and 9–11 repeats in 
80%. For the (GT)n SSR of IGS1, the numbers of (GT) repeats in 70–80% of the samples 
from AD patients and healthy subjects were 9–11 and 15–19, respectively. For the 
M. restricta IGS1 sequences, the tree consisted of two major clusters: cluster I correspond-
ing to patients and healthy subjects, and cluster II corresponding to patients only. Genotypic 

Table 3.11   Distribution of Malassezia species in patients with psoriasis

Analytical  
methods

Culture-dependent  
methods

Culture-independent 
methods

Countries  
References

Canada  
[101]

Bosnia and H* 
[170]

Iran  
[213]

Japan  
[5]

Japan  
[196]

Number of patients 28 40* 110 22 20

M. globosaa 58b 55b 47c,d 68b 98b

M. restricta NI 10b 11d 91b 92b

M. sympodialis 31b 2b 3d 50b NI

M. dermatis NI NI NI 14b NI

M. furfur NI 8b 39d 18b NI

M. obtusa NI NI NI 18b NI

M. japonica NI NI NI 13b NI

M. slooffiae 11b 17b NI 14b NI

M. yamatoensis NI NI NI 10b NI

Medium used for 
isolatione

LNA mDA LNA – –

mDA modified Dixon agar; LNA Leeming and Notman agar; NI not identified; H* Herzegovina
*Three out of forty patients with negative cultures
aNumber indicates the percentage (%) for total number of patients
bSamples collected from lesional site
cSamples collected from scalp
dPercentage refers to co-isolation with other Malassezia species
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analysis of the IGS1 sequences could not separate AD patient-derived M. globosa/M. 
restricta from SD patient-derived M. globosa/M. restricta. Gaitanis et al. [73] reported that 
sequences of M. globosa isolated from PV patients were divided into five groups by single-
strand conformational polymorphism analysis of the ITS1 region. One genotype of M. glo-
bosa appeared to be associated with extensive clinical disease.

Fig. 3.7   Phylogenetic tree of M. globosa based on its IGS sequence. AD atopic dermatis; SD sebor-
rheic dermatitis; HS healthy subject.
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3.3  
Animal epidemiology

Jacques Guillot, Suzana Hađina and  F. Javier Cabañes

3.3.1  
Introduction

Malassezia yeasts belong to normal cutaneous or mucosal microbiota of many warm-
blooded vertebrates. These yeasts are now recognized as opportunistic pathogens that play 
a significant role in the development of different animal diseases such as otitis externa 
(OE) or seborrhoeic dermatitis (SD).

Malassezia species have an affinity for lipids as substrates and the term “lipophilic 
yeasts” is frequently used to characterize the genus. In fact, most of the species show an 
absolute requirement for long fatty acid chains and they are, therefore, rarely isolated in 
the laboratory unless specific nutrients are provided in the medium. In 2006, lipid-depen-
dent yeasts included ten species: M. sympodialis, M. globosa, M. restricta, M. furfur, M. 
obtusa, M. slooffiae, M. dermatis, M. japonica, M. yamatoensis, and M. nana. Of these, 
three species (M. dermatis, M. japonica, and M. yamatoensis) have so far been isolated 
exclusively from human skin. Recently, two new species that inhabit animals have been 
described: M. equina from healthy skin of the anus from horses, and M. caprae from the 
ear skin of healthy goat [31]. M. pachydermatis is the only non lipid-dependent species; it 
grows on Sabouraud glucose agar without any special additional requirements.

Epidemiology is traditionally defined as the study of the occurrence, distribution, and 
control of diseases in populations. In the present chapter, the occurrence and distribution 
of Malassezia yeasts among animal hosts will be described. The second part of this chapter 
is dedicated to the description of predisposing factors leading to Malassezia overgrowth on 
the skin of animals.

3.3.2  
Occurrence and Distribution of Malassezia Yeasts in Animals

Malassezia yeasts have been isolated from almost all domestic animals, different wild 
animals held in captivity, but also from wildlife. Tables 3.12 and 3.13 show the animal 
species from which Malassezia yeasts have been isolated.

3.3.2.1  
Animals in Zoological Parks or in Wildlife

A few epidemiological studies aimed at detecting the presence of Malassezia yeasts from the 
skin of different animal species. In 1925, Weidman was the first to observe Malassezia yeasts 
from an animal [204]. He described bottle-shaped yeast-like cells in scales from an Indian 
rhinoceros (Rhinoceros unicornis) with exfoliative dermatitis (Fig. 3.8). This microorganism 
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Table 3.12   Malassezia yeasts isolated from wild animals
Animals Non lipid dependent 

species  
(M. pachydermatis) 
isolated from

Lipid-dependent yeastsa 
isolated from

References

A B C D E A B C D E

Bear (different species) + + – – – – – – - – [178]
+ – – + – – – – – – [107]
+ – – – – – – – – – [91, 120, 123]

Wolf (Canis lupus) + – – – – – – – – – [107]
Coyote (Canis latrans) – + – – – – – – – – [179]
Fox (Vulpes vulpes) – + – – – – – – – – [179]

+ – – + – – – – – – [107]
+ – – – – – – – – – [54]

Fennec fox (Vulpes zerda) + – – – – – – – – – [91]
Ferret (Mustela putorius) + – – – – – – – – – [58, 91]
Large felids (different 
species)

– – – – – – 2 – – – [91]
– – – – – 2 – – – – [47]

Small felids (different 
species)

+ – – – – – – – – – [47]

Gray seal (Halichoerus 
gripus)

+ – – – – – – – – – [91]

Sea lion (Zalophus 
californianus) 
(Otaria byronia)

+ + + – – – – – – – [94]

– + – – – – – – – – [146]
Porcupine (Erethizon 
dorsatum)

– + – – – – – – – – [179]

Badger (Meles meles) + – – – – – – – – – [123]
Bat (Molossus molossus ) + – – – – 2,3,4 – – – – [77]
Big anteater (M. tridactyla) + – – – – – – – – – [123]
Doe (Capreolus capreolus) – + – – – – – – – – [106]
Camel (Camelus 
dromedarius)

– – – – – – – – – – [122]

Okapia (Okapia johnstoni) – – – – – 1 – – – – [91]
Rhinoceros (Rh. unicornis) 
(C. simum simum)
(D. s. bicornis michaeli)

+ – – – – – – – – – [123]
– + – – – – – – – – [9, 204, 205]
+ + – – – 1 – – – – [91]

Elephant (Elephas 
maximus)

+ + – – – 1 1 – – – [91]
+ – – – – – – – – – [123]

Wombat (Vombatus ursinus) + – – – – – – – – – [123]
– + – – – – – – – – [91]

Non human primates 
(different species)

– – – – – – 1 – – – [137]
+ + – – – – 1 – – – [91]

Birds (different species) – + – – – – – – – – [66]
– + – – – – 1 – – – [89, 137, 177]
– – + – – – – – – – [29]

Localization of sampling is indicated with a capital letter: A external ear canal; B body skin (lips, axilla, 
groin, dorsum, pinna, precrural area, ventral midline, udder), mucosa, hair, nails, fur, feathers, and comb; 
C mouth; D perianal area, anus; E eye, conjunctival sac
aKey for lipid-dependent yeasts: 1 not identified or not specified; 2 M. sympodialis; 3 M. globosa; 
4 M. furfur
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Table 3.13   Malassezia yeasts isolated from domestic animals
Animals Non lipid-dependent 

yeasts  
(M. pachydermatis)

Lipid-dependent yeastsa  
isolated from

References

A B C D E A B C D E

Dog (Canis 
familiaris)

+ – – – – – – – – – [33, 81, 104,
121, 128, 
133, 152]

+ + – – – – – – – – [88, 91, 95, 120,
132, 174, 182]

– + – – – – – – – – [20, 21, 24, 27,
28, 36, 66, 119,
154]

+ + – + – – – – – – [17]
+ + + + – – – – – – [22, 108]
+ + – + – 1 1 – 1 – [34]
+ + + + + – – – – – [127, 148]
– + + + – – – – – – [18]
+ + – – + – – – – – [168]
+ – – + – – – – – – [40]
– – – – – 4 – – – – [63]
+ – – – – 4, 6 – – – – [50]
+ – + + – – – – – – [162]
– + + – – – – – – – [19]
– – – – + – – – – [167]

Cat (Felis catus) + + – – – – – – – – [10, 40, 88, 150,
174, 182]

+ + – + – 2 2, 3 – – – [25]
+ – – – – 2 – – – – [59]
+ – – – – 2, 3, 4 – – – – [147]
+ – – – – 3 – – – – [33]
– + – – – – – – – – [66]
– – – – – 2 – – – – [49]
– – – – – 8 – – – – [112, 113]
+ – – – – 4 – – – – [48]
– + – – – – 2, 4 – – – [45]
– – – + – – – – – – [109]
+ + – + – – 5 – – – [1]
+ + + + – 8 5, 8 – 5 – [159]
– – – + – 2 2 – 2 – [23]
– + – – – – 1 – – – [155]

Swine (Sus 
scrofa)

– – – – – 1 – – – – [106, 122]
– – – – – – 1 – – – [105]
– + – – – – – – – – [66]
+ – – – – – – – – – [40, 123, 163]
– – – – – 2, 5 – – – – [78]
– – – – – 1 – – – – [91]
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Table 3.13   (continued)

Animals Non lipid-dependent 
yeasts  
(M. pachydermatis)

Lipid-dependent yeastsa  
isolated from

References

A B C D E A B C D E

Horse (Equus 
caballus)

– – – – – 1 – – – – [106, 183]
– + – – – – – – – – [66]
– – – – – – 2 – – – [182]
+ + – + – 4,5,6,7 2,3,4,5,7 – 3,4,5,6 – [182]
– – – – – – 1 – 1 – [149]
– + – + – – – – – – [40]
– – – – – – 5, 9 – – – [207]
– – – – – – – – 9 – [31]

Bovine (Bos 
taurus)

– + – – – – – – – – [66]
– – – – – – 1 – – – [106]
+ – – – – 2,3,4,5,6 – – – – [61, 63]
– – – – – 2, 4 – – – – [62]
– – – – – 3, 4 2, 4, 7 – – – [51]
1 – – – – 1 – – – – [65]
– – – – – 8 – – – – [113]
– – – – – – 5 – – – [91]

Goat (Capra 
hircus)

– – – – – 5 1 – – – [89]
+ – – – – 2, 6 3, 7 – 4 – [51]
– + – – – – – – – – [161]
+ – – – – – – – – – [40]
– – – – – – 5 – – – [200]
– – – – – – 1 – – – [12]
– – – – – – 10 – – – [31]

Sheep (Ovis aries) – – – – – – 1 – – – [91]
– – – – – – 2, 3, 7 – – [51]

Chicken (Gallus 
gallus)

– – – – – – 2 – – – [84]

Guinea pig (Cavia 
porcellus)

– + – – – – – – – – [66]

Rabbit 
(Oryctolagus 
cuniculi)

– + – – – – – – – – [66]

Localization of sampling is indicated with a capital letter: A external ear canal; B body skin (lips, 
axilla, groin, dorsum, pinna, precrural area, ventral midline, udder), mucosa, hair, nails, fur, feath-
ers, and comb; C mouth; D perianal area, anus; E eye, conjunctival sac
aKey for lipid-dependent yeasts: 1 not identified or not specified; 2 M. sympodialis; 3 M. globosa; 
4 M. furfur; 5 M. slooffiae; 6 M. obtusa; 7 M. restricta; 8 M. nana; 9 M. “equi” and M. equina; 10 
M. caprae
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was able to grow on ordinary media apparently without any lipid supplementation. Weidman 
classified this yeast in the genus Pityrosporum because of its resemblance to P. ovale, the 
purported agent of human dandruff. However, the regularity in form and the smaller size of 
the yeast recovered from the Indian rhinoceros led Weidman to describe the species 
Pityrosporum pachydermatis, which was later changed to Malassezia pachydermatis [87, 89]. 
The skin of rhinoceroses seems to be frequently colonized by Malassezia yeasts [91, 205]. 

In 1969, Midgley and Clayton [137] investigated the mycobiota of 90 mammals and 258 
birds settled in a zoological park in London. They identified Malassezia yeasts in 32.2% of 
mammals (20% of primates and 56.7% of canines), 30% of water fowls, 2% of tropical birds, 
and 4.7% of parrots. Dufait [66] isolated M. pachydermatis from feathers of 15 birds out of 
18 sampled. Another study reported the presence of M. pachydermatis in the throat of infected 
scarlet macaw [29]. Guillot et al. [91] isolated Malassezia yeasts from cutaneous samples of 
six birds (Fig. 3.9). However, a study performed on 103 psittacine birds, both healthy and 
with manifested feather-destructive behavior, did not recover any Malassezia yeasts using 
cytology examination, nor in fungal cultures of samples taken from the skin surface [169].

Wild animals have always been an interesting source of different microorganisms, includ-
ing Malassezia yeasts [47, 91, 107, 123]. The examination of 165 foxes, one wolf and one bear 
resulted in the isolation of M. pachydermatis from the ears of 13, and anuses of 7 foxes, while 
one fox harbored the species on both locations. In addition, the same yeast was isolated from 

Fig. 3.8   An exfoliative 
dermatitis caused by non 
lipid-dependant Malassezia 
yeasts was firstly reported in 
1925 by Weidman on an 
Indian rhinoceros from 
Philadelphia [204]. In 1996, 
similar lesions were 
observed in a Southern white 
rhinoceros [9]

Fig. 3.9   The skin and mucosa 
of birds may be colonized by 
lipid-dependent or nonlipid-
dependent Malassezia 
yeasts. In the present case, 
Malassezia overgrowth was 
responsible for the loss of 
small feathers around the 
eyes (Service de 
Parasitologie, ENVA)
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the external ear canal of wolf, and the ear and anus of a brown bear [107]. In 1994, Guillot 
et al. [91] investigated the prevalence of Malassezia yeasts on different animal species, includ-
ing 356 domestic and wild animals that represented 40 different species. Most of the isolated 
yeasts belonged to M. pachydermatis and originated from carnivores. Lipid-dependent yeasts, 
which could not be precisely identified at that time, were isolated from domestic animals (viz. 
cow, sheep, and pigs) and from wild animals (viz. elephant, chimpanzee, rhinoceros, cheetah, 
and okapi). This study covered also Mammalian orders (Rodents, Lagomorphs, and 
Insectivores) that yielded negative results. An epidemiological study on 132 wild felids 
resulted in a the recovery of M. pachydermatis in 43.1% of small felids, while M. sympodialis 
was recovered only in large felids with 56.9% positive animals [47]. In Brazil, ear swabs from 
30 bats allowed the isolation of M. pachydermatis in 62.5%, M. furfur in 20.8%, M. globosa 
in 12.5%, and M. sympodialis in 4.2% of sampled animals [77]. Despite these studies, the 
presence of Malassezia yeasts on the skin of many wild animals remains largely unexplored.

3.3.2.2  
Domestic Carnivores

Malassezia yeasts are frequently isolated from carnivores, especially dogs. In 1955, Gustafson 
was the first one to isolate lipophilic yeasts from otitis externa (OE) in dogs [104]. He related 
the isolates to the genus Pityrosporum on the basis of their cellular shape and the type of 
budding, but distinguished them from already described species. In contrast to the other 
lipid-dependent species, Gustafson’s isolates did not require fatty acid supplementation for 
growth. Gustafson created the new species Pityrosporum canis that was made a synonym 
under M. pachydermatis, a combination already proposed by Dodge in 1935 [60] and Gordon 
in 1979 [83]. Gustafson was able to induce OE by applying M. pachydermatis to the external 
ear canal, whereas lipophilic yeasts isolated from humans had no effect. Fraser [69] isolated 
M. pachydermatis in comparable frequencies from healthy dogs and those with OE, but 
found that affected dogs tended to have larger numbers of the yeast on smears of cerumen. 
Over the last 10 years, in addition to M. pachydermatis, some lipid-dependent species were 
recovered from dog skin, but, unfortunately, the identification method used was not suffi-
ciently clear [85, 172, 173] or lipid-dependent yeasts were not identified [34]. Cafarchia et al. 
[34] isolated lipid-dependent species from healthy dogs and Crespo et al. [50] sampled atypi-
cal lipid-dependent species from dogs that suffered from chronic OE. However, in these last 
studies no molecular identification was performed. Two years later, Duarte et al. [63] isolated 
atypical lipid-dependent yeasts from the ear of a healthy dog.

Among the different Malassezia species, the non lipid-dependent M. pachydermatis can 
be isolated from the external ear canal and mucosa of healthy cats and those with OE and 
dermatitis [91]. Generally, M. pachydermatis is more frequently isolated from dogs than 
from cats. In healthy cats, the reported percentages of isolation of this species range from less 
than 10% [25, 109] to approximately 20% [52, 59, 91, 147] and up to 40% [33]. However, 
M. pachydermatis has been identified in 41–71% of cats with OE [33, 52, 59, 147].

Although lipid-dependent species have also been reported from canine specimens, 
they seem to occur more frequently in cats than in dogs. The presence of lipid-dependent 
Malassezia yeasts in healthy carnivores was initially demonstrated in felines. M. glo-
bosa was isolated from normal skin of a cheetah (Acinonix jubatus) [87, 91]. Lipid-
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dependent species, such as M. furfur [48, 147], M. globosa [25, 33, 147], and M. 
sympodialis [23, 47, 52, 59], have also been reported from the skin or the external audi-
tory canal of healthy pet cats or other felids. On the other hand, Colombo et al. [45] 
recently found that M. pachydermatis, M. furfur, and M. sympodialis can be frequently 
isolated from the nail folds of healthy cats of various breeds, especially in Devon Rex 
cats (Fig. 3.10). These authors pointed out that the presence of a high number of yeasts 
in cytological investigations correlated with the clinical observation of the presence of 
brown, greasy material in the nail folds. Malassezia overgrowth was also reported in 
allergic cats, mainly with AD [155].

Most of these isolates, however, have been identified on the basis of phenotypic char-
acteristics and misidentification might occur. The speciation of lipid-dependent isolates 
from animals by means of physiological tests presents some difficulties. Crespo et al. [49] 
reported for the first time lipid-dependent yeasts associated with OE in cats. These yeasts 
had similar morphological characteristics and some shared physiological characteristics 
with the type strain of M. sympodialis. More recently, Hirai et al. [113] described M. nana, 
a novel species from otic discharges of a cat and cows. The type strain of M. nana showed 
identical physiological characteristics to those of M. sympodialis, but with the only excep-
tion being the presence of ring-like growth with Tween 20 [112]. In fact, the frequently 
reported isolates from feline skin that showed a similar phenotype to M. sympodialis may 
be conspecific with M. nana. Some lipid-dependent strains isolated from cats that were 
found to be similar to the type strain of M. sympodialis were studied using DNA sequence 
analysis and it was found that they grouped together with the M. nana AB075224 LSU 

Fig. 3.10   The skin of Devon 
Rex cats represents a 
favorable biotope for the 
development of Malassezia 
yeasts. In this breed, high 
numbers of Malassezia 
yeasts were detected in 
different anatomic sites, 
including axilla, groin, 
ventral neck, and nail folds 
(Service de Zootechnie, 
ENVA)
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rRNA gene sequence [30]. M. nana seems to be the most common lipid-dependent species 
isolated from cats. This species and M. slooffiae have recently been isolated from cats with 
different disorders [159], and M. slooffiae has been found in the claw folds of healthy and 
seborrhoeic Devon Rex cats [1].

3.3.2.3  
Domestic Herbivores

Lipid-dependent species constitute the major population of the lipophilic mycobiota in 
herbivores, such as horses, goats, sheep, and cows [51] and their occurrence in these ani-
mals was much greater than that of M. pachydermatis. Different species, such as M. furfur, 
M. globosa, M. obtusa, M. slooffiae, M. sympodialis, and M. restricta, were phenotypically 
identified, but they were not confirmed by rDNA sequence analysis. Moreover, a large 
number of isolates could not be identified by means of phenotypic techniques.

A lipid-dependent isolate identified as M. furfur sensu lato was recovered from the healthy 
skin of a cow [91]. A strain from the normal ear of a cow and a strain of the normal skin of a 
cow were included in the description of M. furfur sensu stricto and M. globosa, respectively 
[87]. Different lipid-dependent species have also been recovered from healthy cattle from 
Minas Gerais, Brazil [61, 63, 64], namely M. furfur, M. globosa, M. obtusa, M. sympodialis, 
M. slooffiae, and M. globosa, which were phenotypically identified from cerumen of the 
external ear of these animals. The most common species isolated from these animals was M. 
sympodialis. However, the identity of these isolates was not confirmed by rDNA sequence 
analysis. Four lipid-dependent strains from cows were considered to be genetically identical 
to the type strain of M. nana [113]. Molecular analysis showed, however, that some differ-
ences occurred between the strain from cat and those from cow, respectively.

Nell et al. [149] reported the presence of a novel Malassezia species from normal equine 
skin, which they tentatively named “Malassezia equi,” but without including a valid 
description. The species was identified as a member of the genus Malassezia by sequence 
analysis of the D1/D2 domains of the LSU rRNA gene, and was found to be closely related 
to M. sympodialis. In a study of the lipophilic mycobiota of the intermammary and prepu-
tial fossa areas of horses “Malassezia equi” and M. slooffiae were identified by PCR 
sequencing analysis [207]. In another study, several isolates from horses that phylogeneti-
cally were related to M. sympodialis grouped together by D1/D2 and ITS sequence analy-
sis and were described as M. equina [30, 31].

Few reports are available on Malassezia yeasts that affect the skin of goats [12, 
200]. Lipid-dependent isolates identified as M. furfur sensu lato were recovered from 
the healthy skin of two sheep as well [91]. In the last revision of the genus, two strains 
from the normal skin of a goat and a sheep were included in the description of M. sloof-
fiae [87]. Lipid-dependent Malassezia species, such as M. furfur, M. globosa, M. 
obtusa, M. sympodialis, and M. restricta, have also been isolated from the skin of 
healthy goats, and M. globosa, M. restricta, and M. sympodialis were obtained from the 
skin of healthy sheep. These isolates were phenotypically identified, but they were not 
confirmed by rDNA sequence analysis [51]. From these isolates, the sequence of the 
D1/D2 domains of the 26 rRNA of a lipid-dependent strain from sheep was found to be 
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identical to that of the type culture of M. sympodialis [30]. Malassezia caprae, a lipid-
dependent species isolated mainly from healthy goats, has been recently described as 
well [31].

3.3.2.4  
Swine

In 1959, Gustafson isolated Malassezia yeasts from three out of 32 swine [105]. In 1985, 
Dufait [66] successfully cultured M. pachydermatis from six pigs. The isolation of 
Malassezia lipid-dependent yeasts from 23 out of 40 [91] and 73 out of 100 swine [78] 
suggested that this animal species is regularly colonized by lipophilic yeasts. Garau et al. 
[78] reported colonization of swine ears with M. sympodialis and M. slooffiae, while 
swab and carpet did not reveal any Malassezia yeasts from anus, forehead, and back [78]. 
Another study [163] reported the presence of nonlipid-dependent strains in swine ears. 
Some of these isolates were randomly chosen and their identification as M. pachyderma-
tis was confirmed by karyotyping and restriction fragment length polymorphism 
analysis.

3.3.2.5  
Rodents and Lagomorphs

Dufait isolated nonlipid-dependent Malassezia yeasts from guinea pigs and rabbits [66]. 
However, further investigations failed to demonstrate the presence of lipophilic yeasts in 
rodents or lagomorphs [75, 91]. Recently, Galuppi et al. [75] examined 147 laboratory rats 
and did not isolate any yeast.

3.3.2.6  
Distribution Within a Single Animal Host

Because of the importance of Malassezia dermatitis in dogs, many investigations have 
been conducted in order to describe the distribution of M. pachydermatis on the body of 
dogs. Lipophilic yeasts can be isolated from skin, auditory canal, anus, oral cavity, lips, 
and mucosae of male and female genitalia (vagina, preputium) [181]. Colonization of the 
canine skin probably occurs in the very first days after birth, but the way by which colo-
nization occurs is still not understood. Wagner and Schadler [203] isolated Malassezia 
yeasts in 39.4% of all samples collected from the lips, nail beds, and ears of 3-day old 
Rottweilers. The percentage increased to 41.2% in 1-week old puppies, and decreased to 
37% when the animals were 5 weeks old. Most of the samples recovered from dams 
yielded negative results, thus excluding the possibility that Malassezia was transferred 
through cleaning and feeding processes [203]. Oral carriage was investigated by Bond 
and Lloyd [19] who compared two different antifungal shampoos against SD in basset 
hounds. Application of the miconazole-chlorhexidine shampoo throughout a 3-week 
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period resulted in a significant reduction of the Malassezia population on both the skin 
and in the mouth. However, the importance and significance of oral transfer remained 
unclear. Another study pointed out the possible transfer of Malassezia yeasts from pruritic 
skin lesions of the inguinal area to the perioral area as a consequence of frequent licking. 
In addition, dogs with lesions in the perioral area yielded a greater number of Malassezia 
yeasts in the interdigital region without visible skin damage as a probable result of persis-
tent scratching [34].

Different isolation techniques were used to assess the number of Malassezia and to 
determine a possible threshold value that could trigger Malassezia dermatitis. It is well 
known that sampling techniques determine the detection limit of Malassezia yeasts. 
Kennis et al. [119] reported that at least one positive Malassezia sample could be 
detected in 95% of examined dogs when using the culture method, while cytological 
examination of samples collected by the direct impression method using the glass slide, 
cotton swabs, and skin scraping techniques yielded positive results in 74% of dogs. 
Evaluation of these three techniques separately yielded positive results in only 37–57% 
of the dogs [119].

The results of epidemiological surveys also rely on the choice of the culture conditions. 
M. pachydermatis is considered a nonlipid-dependent species, which grows well on 
Sabouraud glucose agar. However, the use of specific media, such as modified Dixon 
medium, showed a significant higher recovery rate of lipophilic yeast in comparison with 
that on Sabouraud glucose agar [95]. Until 1995, it was believed that dogs were carriers of 
M. pachydermatis, a species that does not require lipids in media for their growth. Transfer 
of some M. pachydermatis colonies from modified Dixon agar to Sabouraud’s glucose 
agar, however, showed fastidious growth and the need for the addition of lipids. Karyotyping 
of those isolates confirmed a typical M. pachydermatis pattern [16], and two years later 
partial sequencing of the LSU rRNA defined them as sequence type Id [92]. In 1999, 
Senczek et al. [182] distinguished two different types of colonies of M. pachydermatis 
isolated from inflamed external ear canals of dogs. Small colonies showing poor expansion 
growth on culture media reached only 1 mm in diameter after 72 h of incubation, whereas 
bigger ones showed faster growth and colonies of 4 mm in diameter. Ahman et al. [1] 
isolated two different types of M. pachydermatis in Devon Rex cats. One type showed 
good growth on Sabouraud glucose agar, while colonies of the other type remained signifi-
cantly smaller, and were harder to grow on Sabouraud glucose agar.

Several investigations explored Malassezia colonization of various anatomical regions 
in different breeds of healthy dogs. Results differed from 10 to 100% and depended on the 
dog breed, sampled anatomic location, and identification method used [93]. Most frequently 
sampled sites were the external ear canal, anus, followed by mouth, buccal mucosa, haired 
skin of lips, pinna, dorsum, axilla, groin, interdigital area, nail beds, prepuce, and vulva [22, 
33, 34, 81]. M. pachydermatis has been identified in 57.8% of clinically healthy dogs [108]. 
Lukman [127] reported that 56.6% of anal sacs were colonized with M. pachydermatis, fol-
lowed by the auditory canal (48.6%), rectum (46%), anus (40.6%), and vagina (38.2%). A 
study performed on 20 beagles and 20 pet dogs of various breeds and crossbreeds showed 
significant differences in the number and occurrence of Malassezia isolation between bea-
gles and the other breeds of dogs [22]. In 55% of examined beagles Malassezia prevailed in 
the anus and ears, while in pet dogs it prevailed in anus (50%) and mouth (30%). In pet 
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dogs, the nose, prepuce, and vulva were colonized with lower frequency and were positive 
in 8.5–10% of the animals investigated. A similar situation was observed in beagles where 
frequencies ranged from 0 to 20%. Beagles had statistically a significant higher number of 
Malassezia yeasts than pet dogs (55 vs. 10%) in terms of population size and frequency of 
isolation from the ear. It is notable that isolation attempts from dorsum samples of both pet 
dogs and beagles remained negative. Moreover, the lower lip region was colonized with 
Malassezia in the range of 75–80%, and the interdigital area from 60 to 70% of the samples 
from healthy dogs [22]. A similar study was carried out on healthy basset hounds and 
resulted in the recovery of M. pachydermatis from the mouth (92.3%) and vulva (80%). The 
axilla was colonized in all dogs, the nose in 69.2%, and this was significantly higher than the 
values obtained from healthy mixed-breed dogs. By comparison, Malassezia yeasts were 
recovered from the axilla in 15%, from the mouth in 30%, the nose in 10%, and from vulva 
in 8.5% of mixed-breeds [18]. Comparable results were reported when colonization of M. 
pachydermatis was investigated of the hair of the lower lip and the hair follicles of healthy 
beagles. M. pachydermatis was most frequently isolated in hair samples from the lips (75% 
of beagles), whereas isolations from the fore foot and dorsum were found to be positive in 
33% of animals [95]. An investigation conducted in France reported that 91% of the sam-
ples recovered from dogs’ lips and 43% from their ears were positive in culture for M. 
pachydermatis after cytological examinations yielding 3.1 and 2.2 Malassezia cells per field 
[95]. In the study by Bensignor et al. [11], pinna was the area most frequently colonized 
with Malassezia yeasts. Contrary to previous studies, lower detection and isolation fre-
quency were observed in the perianal area when compared with the umbilical and axilla 
areas [11]. Kennis et al. [119] reported the highest number of Malassezia yeasts in the chin 
region, while the inguinal and axillary zones presented the lowest number. A study on 99 
healthy dogs revealed the prevalence of M. pachydermatis in the ear of 39.4% of cytologi-
cally examined samples and 45.5% of samples that were identified by culture [121]. 
Cafarchia et al. [34] isolated Malassezia yeasts in the perianal area of 60.6% from healthy 
dogs, followed by 36.4% of the perioral area from healthy dogs. The interdigital area, ear 
canal, and periorbital sites were found to be less frequently colonized with 18.2, 12.1, and 
9.1% of the animals investigated, respectively. The inguinal area was positive in only 3% of 
dogs [34]. Girão et al. [81] found M. pachydermatis in 30% of the ears of healthy dogs after 
microscopic and culturing assessment. Cytological quantification of Malassezia in the anal 
sac content of healthy dogs revealed a low occurrence of yeasts, with only 12.5% of the 
examined dogs and 10% of the examined anal sacs demonstrating the presence of Malassezia 
yeasts [156]. Although there is no consistent pattern in the results obtained from several 
cases for which the anal and perianal regions were examined, the perioral area, including 
lips and mouths, ear skin and ear canal, were most frequently colonized with Malassezia 
yeasts. Finally, all studies resulted in the same conclusion, namely that Malassezia coloniza-
tion occurs more frequently in the hairy areas that are rich with sebaceous glands [93].

Disturbance of the mutual coexistence between the animal and Malassezia mycobiota can 
lead to Malassezia overgrowth and development of skin disorders, such as dermatitis, parony-
chia, facial or pedal pruritis, and OE in dogs [142]. In order to detect an infection caused by 
Malassezia, it is important to gain insight into the population sizes of Malassezia on healthy 
dog skin and mucosa and their ecology [93], because there is no uniform threshold value of 
the number of Malassezia yeasts that will result in exacerbation of skin disease.
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The presence of viable Malassezia yeasts in the environment is considered to be low. 
The environment has, at least, an anecdotic role in our understanding of the epidemiology 
of Malassezia-related diseases. Malassezia yeasts have been detected in sand [131] and 
water (G. Midgley, personal communication). Renker et al. [175] detected DNA of lipid-
dependent Malassezia yeasts (viz. M. globosa and M. restricta) from nematodes living in 
soils from forests in Central Europe. The biological significance of the possible presence 
of Malassezia yeasts in the soil remains to be investigated.

3.3.3  
Factors Associated with Increased Malassezia Populations in Animals

3.3.3.1  
Factors Related to the Animal Hosts

Many factors may be associated with the proliferation of Malassezia yeasts in animals, 
including breed, gender, and age. Moreover, alteration of microenvironmental skin condi-
tions connected to a chemical mechanism (pH modifications), long-term treatments (antibiot-
ics and glucocorticoids), or presence of other bacteria or fungi and coexisting diseases may 
contribute to Malassezia proliferation. Numerous studies recognized breed predisposition in 
dogs as an important factor. In 1982, Lukman [127] noted the highest frequency of Malassezia 
recovery in Dalmatian dog, German shepherd, and German shorthaired pointer. Hajsig et al. 
[108] reported that M. pachydermatis was found in 75% of examined German shepherd dog 
breed. Cytological examination of 39 different breeds of dogs resulted in a significantly 
higher prevalence of Malassezia in basset hounds and dachshunds when compared with all 
other breeds of dogs examined in the study. A similar, but statistically not significant ten-
dency was observed in cocker spaniels, springer spaniels, and German shepherds [165]. Bond 
et al. [24] reported that basset hounds, cocker spaniels, and West Highland white terriers are 
breeds predisposed to develop Malassezia dermatitis (Fig. 3.11). Another study on healthy 
basset hounds showed a significantly higher number of M. pachydermatis recovered from the 
nose, mouth, and vulva in comparison with healthy mixed-breed dogs [18] (Fig. 3.12). In the 

Fig. 3.11   West Highland 
white terriers are 
predisposed to Malassezia 
dermatitis (Service de 
Parasitologie, ENVA)
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study exploring immunological responses of healthy dogs and dogs with dermatitis, a signifi-
cantly higher number of M. pachydermatis was found in axilla of healthy basset hounds in 
comparison with beagles and setters [26]. Kumar et al. [121] reported the highest presence of 
Malassezia otitis in German shepherds and Labrador retrievers. Girão et al. [81] showed the 
highest prevalence of otitis connected to M. pachydermatis in the poodle. A large number of 
healthy German shepherds were found positive for M. pachydermatis. An epidemiological 
study on 1,370 dogs reported a higher occurrence of OE in breeds with pendulous ears when 
compared with breeds with erect ears [133]. Nobre et al. [152] reported a higher occurrence 
of Malassezia otitis in cocker spaniels, German shepherds, and Brazilian fila, while Mauldin 
et al. [136] found that West Highland white terriers, English setters, Shih Tzus, basset hounds, 
and American cocker spaniels were predisposed to Malassezia dermatitis. Some breed pre-
dispositions are related to physical characteristics of the skin, such as the presence of skin 
folds in basset hounds [18, 97] or pendulous ears [33, 81, 133, 168].

Several studies, performed to determine a possible age predisposition in dogs, reported 
contradictory results. A few investigations did not find a significant correlation between the 
number of Malassezia and the age of the animal [152, 165]. Other studies demonstrated that 
the age of the dogs could be considered as a predisposing factor, but the conclusions of these 

Fig. 3.12   The skin of basset 
hounds represents a very 
favorable biotope for the 
development of Malassezia 
yeasts (Service de 
Parasitologie, ENVA)
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investigations were not the same. In a study by Mauldin et al., [135] more than 70% of dogs 
with Malassezia dermatitis were 4 years and older. Girão et al. [81] reported the highest occur-
rence of Malassezia otitis in 1–3-year-old dogs, Kumar et al. [121] in 2–4-year-old dogs, and 
Cafarchia et al. [33] detected higher Malassezia populations in dogs younger than 1 year.

Gender predisposition has been excluded by numerous studies [81, 121, 152, 165]. In 
most cases, equal numbers of Malassezia yeasts occurred in females and males (46.43 vs. 
53.57%) as reported by Girão et al. [81]. However, studies conducted in Italy [33] observed 
a higher number of Malassezia recovered from males than from females with otitis, and a 
study from Brazil reported 60.7% of positive males in comparison with 33% of the females 
[169], thus indicating possible gender predisposition. In a retrospective study of Malassezia 
dermatitis in dogs, it has been reported that sterilized females and males were more sus-
ceptible to develop this skin disorder [135].

3.3.3.2  
Factors Related to the Skin Microenvironment

The optimal temperature for Malassezia growth under laboratory conditions is 32–34°C. 
Some species can grow below these values (viz., M. pachydermatis); others develop at 
37°C or above (viz. M. pachydermatis, M. sympodialis, M. furfur, M. yamatoensis, M. 
slooffiae, and M. dermatis). For optimal growth of Malassezia yeasts, an adequate pH 
value is required. It was reported that optimal pH values for successful Malassezia devel-
opment range between 4.0 and 8.0 [134]. The highest occurrence of canine Malassezia 
otitis in India was reported in June with 15.2% of otitis cases [121]. On the contrary, 
Cafarchia et al. [33] reported higher recovery of Malassezia yeasts from dogs with otitis 
during the winter. In general, there are indications that warm and humid weather supports 
the exacerbation of Malassezia infection in animals.

Malassezia pachydermatis demonstrates a preference toward the external ear canal caus-
ing OE in many cases. Certain conditions in the host need to be satisfied to stimulate the 
growth of this opportunistic pathogen. The ear canal is a dark, humid place, rich with ceru-
men, and experiencing moderate air circulation depending on the ear shape. Such an environ-
ment represents an optimal place for the exacerbation of infection. The concentration of fatty 
acids in the earwax influences the susceptibility to OE [133]. Most dog breeds with  pendulous 
ears showed significant higher amounts of fatty acids in the ear (with the exception of the 
pug) than breeds with erect ears, when Siberian husky was excluded from this group [133].

Besides the mentioned physical and chemical factors that enable the attachment of 
Malassezia and the consequent infection, other conditions that may contribute to Malassezia 
overgrowth are: hormonal disbalance, keratinization defects, excessive production of 
sebum, bacterial infections, and hypersensitivity processes [181].

Atopic dermatitis is a common skin disease from which Malassezia yeasts can be recovered 
in high numbers. However, a significant association between atopic lesions and Malassezia 
colonization has not been found, suggesting that yeast overgrowth occurs secondarily as a result 
of changes in the skin microenvironment [148]. Regarding the location, the highest recovery of 
Malassezia yeasts was observed in the interdigital areas of the skin with 70.7% of isolations, 
followed by the ears with 63.4%. Nail folds, mouth, and groin were places with lower frequency 
of Malassezia isolation, approximately 33% positive isolations on average [148].
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Different immunodeficiency status may be connected to malfunction of the immune 
system and inadequate immunologic responses to Malassezia yeasts. Chen and Hill [43] 
described immunological responses that occurred after the interaction of M. pachyder-
matis antigen and the skin immune system in dogs. Induction of Th1 lymphocytes or 
cell-mediated response leads to the production of IL-2 and IFN-g cytokines, thus pro-
moting the release of immunoglobulin IgG, while the induction of Th2 or humoral 
response leads to production of IL-4 and IL-13, followed by immunoglobulin IgE [43]. 
In the last decade, different surveys have been performed in order to explore cellular and 
humoral immune responses to M. pachydermatis in dogs. In an in vitro study, the pos-
sibility of proliferation of peripheral blood mononuclear cells as a result to M. pachyder-
matis antigen was explored. The results showed that dogs with and without incidence of 
disease were able to develop cell-mediated response to M. pachydermatis antigen. 
Additionally, this study indicated that there was no connection between low levels of 
total IgA in sera of dogs and the presence of high population densities of M. pachyder-
matis. Finally, high levels of specific IgG were found in the serum of dogs affected with 
Malassezia dermatitis [26].

3.3.3.3  
Factors Related to Malassezia Species and Isolates

The evaluation of enzymatic activities of 33 different Malassezia strains belonging to vari-
ous species showed that strains of M. pachydermatis had the highest enzymatic activity as 
they were capable to secrete 15 different enzymes. M. furfur produced eight, M. sympodia-
lis and M. slooffiae five, M. obtusa four, and two M. globosa strains three and four enzymes, 
respectively. M. restricta secreted only naphtol-AS-BI-phosphohydrolase, thus demon-
strating a narrow range of enzyme production [130]. Isolates of M. pachydermatis obtained 
from dogs with single or generalized skin lesions demonstrated significantly higher phos-
pholipase activities than those obtained from healthy skin [38], thus suggesting the impor-
tance of enzymatic activity in the development of cutaneous Malassezia overgrowth.

In epidemiological studies, genotyping of Malassezia yeasts may be required in order 
to identify the source of infection and to discover a possible connection between genotypes 
and disease. Different studies targeted different rRNA or rDNA regions in order to distin-
guish different molecular patterns among M. pachydermatis resulting in a genotypic clas-
sification. Sequence analysis of the D1/D2 domains of the LSU rRNA of 100 isolates of 
M. pachydermatis resulted in the differentiation of seven different genotypes (or sequence 
types), namely, Ia, Ib, Ic, Id, Ie, If, and Ig [92]. Sequence types Ic, Id, and I g seemed to be 
specific for rhinoceros, dogs, and ferrets, respectively. Sequence type Ia was found in iso-
lates from both animals and humans, while sequence type Id involved M. pachydermatis 
showing small colonies and poor growth on Sabouraud glucose agar. In general, all M. 
pachydermatis isolated from dogs belonged to sequence types Ia, Id, and Ie. Moreover, it 
was found that one animal could be the carrier of two or more Malassezia sequence types 
[92]. Sequence analysis of M. pachydermatis isolates from the external ear and cutaneous 
lesions of sea lion using the variable domains of the LSU rRNA showed that all strains 
belonged to sequence type Id [94].
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Aizawa et al. [2] used random amplification of polymorphic DNA (RAPD) and 
 chitin-synthase gene (CHS2) sequencing in order to discriminate 16 isolates of M. pachyder-
matis. Both methods yielded similar results, namely A, B, and C sequence types, and 13 
isolates matched with the type strain of M. pachydermatis. Subsequently, the same research 
group used the same molecular method to differentiate 98 M. pachydermatis isolates from 
dogs and 12 from cats. RAPD analysis yielded four different genotypic groups of M. pachy-
dermatis listed A, B, C, and D. RAPD type A was identified as the most common genotype 
and occurred in 81 isolates from dog skin and ear and was found to be identical to M. pachy-
dermatis, while RAPD type B pattern was observed in 13 isolates and was close to M. furfur. 
RAPD type C of M. pachydermatis showed a different sequence pattern and was isolated only 
from one dog suffering from OE. RAPD type D was found in two isolates of dogs with OE and 
one with AD. The 12 isolates from ear and skin form cats belonged to RAPD type A [3].

Sugita et al. [192] explored the variable intergenic spacer region (IGS1) as a possible 
genotypic marker for M. pachydermatis. Forty-three strains isolated from carnivores (dogs 
and cats) were analyzed and three different groups with ten subtypes were identified. The 
authors stated that their IGS groups 1, 2, and 3 matched with the sequence types Ie, Id, and 
Ia as identified previously by Guillot et al. [92, 192].

RAPD analysis was performed by Castellá et al. [40] in order to genotype isolates of 
M. pachydermatis originating from dogs, cats, horses, goat, and pig. Thirty five from 55 
isolates belonged to RAPD type I showing 12 bands. RAPD types II, III, and IV were 
found only among dog isolates. RAPD types II and IV displayed nine bands and were 
recovered from two animals that suffered from otitis, and RAPD type III had 11 bands and 
was isolated from a healthy dog. The authors suggested that their RAPD type I corre-
sponded to sequence type Ia as determined by Guillot et al. [92] or RAPD type A as 
described by Aizawa et al. [3]. In addition, they reported that one animal can host different 
genotypes of M. pachydermatis [40].

Cafarchia et al. [36] analyzed 104 Malassezia isolated from dogs using sequence analy-
sis of three different loci, namely CHS2, the LSU rRNA gene, and the ITS1 region of the 
rDNA. The authors distinguished three different sequence types: A, B, and C, but analysis 
of the ITS-1 region yielded an additional sequence type. In 185 samples of M. pachyder-
matis isolated from 30 healthy and affected dogs, three CHS2 (Ac, Bc and Cc) and eight 
ITS1 (AI1–AI4, BI1, CI1–CI3) genotypes and subgenotypes were identified [38]. All these 
observations indicate the presence of a considerable genetic diversity among M. pachyder-
matis, which, at least in part, may be relevant for our understanding of the interplay 
between the yeast and the patient.

3.4  
Conclusions

In the last decade, a broad variety of Malassezia identification and (bio)typing tools 
has emerged. Owing to the different growth requirements by Malassezia spp. culture-
independent molecular methods seem most accurate to assess the diversity of Malassezia 
yeasts in culture, on human, or animal skin. A wide array of PCR-based methods, such as 
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RAPD, PCR-typing, tFLP, RFLP, and PCR-derived methods comprising DGGE, SSCH, 
and the application of Luminex technology, has emerged to answer different research 
questions. In addition, the usefulness of the analysis of clone libraries and real-time PCR 
with clinical specimens is demonstrated in numerous studies. Recent advances in 
Malassezia genomics should pave the way for the design of a Multi Locus Sequence 
Typing (MLST) scheme for the various Malassezia species. On another track, further auto-
mation in the molecular analysis of Malassezia mycobiota can be expected due to the 
development of diagnostic (micro-)array platforms.

Detection and identification of Malassezia species from clinical specimens by real-time 
PCR has indicated that the species are present in related dermatoses. M. globosa and  
M. restricta are the most common species in pityriasis versicolor (PV), seborrheic derma-
titis (SD), atopic dermatitis (AD), and psoriasis (PS). However, the ratio of these two 
microorganisms differs depending on the disease psoriasis. Recent qualitative and quanti-
tative studies suggest that M. restricta plays a significant role in SD and PS, M. globosa 
plays a significant role in PV, while both species may be responsible for exacerbating AD.

Malassezia yeasts may be isolated from the skin and mucosa of a very wide range of 
warm-blooded vertebrates (all the mammals and probably many birds). However, the preva-
lence of colonization and the density of Malassezia populations vary according to the animal 
species and the anatomical sites. The nonlipid-dependent species M. pachydermatis is a com-
mon inhabitant of skin and mucosa in dogs. The mean carriage of lipophilic yeasts varies from 
10 to 100% and depends on the dog breed, the anatomical location, and the identification 
methods used in the studies. The presence of lipophilic yeasts is more rarely reported in other 
animals and the Malassezia species involved may be different. Although M. pachydermatis is 
found in the external auditory of cats, this does not occur with the same high frequency as in 
dogs. Lipid-dependent species seem to be more frequent in cats than in dogs. Lipid-dependent 
species are the major component of the cutaneous microbiota in ruminants and horses. In swine, 
both lipid-dependent and nonlipid-dependent species have been isolated. Such a complex situ-
ation is probably related to the specific composition of cutaneous lipids and the competition 
with different types of microbiota (e.g., bacteria and yeasts) within the skin ecosystem. The 
recent analysis of the genome and secretory proteome of M. globosa and M. restricta showed 
that their lipid dependence can be attributed to the absence of a fatty acid synthase gene, while 
harvest of host lipids can be aided by several secreted lipases. Extending genomic and pro-
teomic research to all known Malassezia species, and comparing the lipid composition on the 
epidermis of the corresponding hosts should enhance our understanding of Malassezia biol-
ogy and explain the role of the various species in the disease of different animals.
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Physiology and Biochemistry

Peter Mayser and George Gaitanis

4

Core Messages 

Due to the ecologic niche of  › Malassezia yeasts, host-specific adaptations are an 
important issue in their biology. The commensal status of Malassezia yeasts is 
not clearly distinguished from the pathogenic stage, as transition from the one to 
the other is probably a continuum and not an on/off condition. Part of this 
pathogenic potential is determined by the activities of the enzymatic systems of 
Malassezia yeasts. The efficiency with which Malassezia yeasts utilize nutrients 
on the skin surface and in the sebaceous gland determines the size of their 
population, and also the quality and quantity of the produced metabolic 
by-products. This organic material ranges from free fatty acids that apply their 
action through an irritating or toxic effect to highly bioactive indole derivatives 
that bind to specific cellular receptors and regulate the expression of downstream 
metabolic pathways. The recently reported genome and secretory proteome of M. 
globosa and, in part, of M. restricta provide a molecular basis to understand the 
adaptions of Malassezia yeasts to their environment and to identify factors of 
pathogenicity.
As many experiments on  › Malassezia biochemistry and physiology had been 
performed before the current taxonomy of Malassezia species was developed, 
and the corresponding strains were not deposited in official fungal collections, 
the genus name Malassezia will be used to include strains that were categorized 
as Malassezia furfur (sensu lato), Pityrosporum ovale and Pityrosporum 
orbiculare (see Chap. 2).
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4.1  
 Nutritional Requirements
With the exception of M. pachydermatis, all Malassezia species require an external lipid 
source for growth, i.e., they are obligatorily lipid-dependent. On the other hand, these 
lipids are thought to be an important virulence factor of the fungus as the lipid-rich cell 
wall seems to protect Malassezia from phagocytosis [1] and to downregulate the inflam-
matory immune response [2]. In addition, adhesion to host cells may be mediated by the 
hydrophobicity of this highly lipophilic cell wall.

4.1.1  
 Lipid Metabolism

Lipid dependence is known to be based on a defect in the synthesis of myristic acid, 
which serves as the precursor of long-chained fatty acids [3–5]. At the molecular level, 
this metabolic deficiency can be explained by the absence of a gene encoding fatty acid 
synthase in the genomes of M. globosa and M. restricta [6], which is compensated by 
an abundance of genes encoding hydrolases that could provide fatty acids. Longer chain 
fatty acids can be synthesized from mid-chain fatty acids. Transformation from satu-
rated fatty acids into unsaturated ones is possible [3]. Nonetheless, the lipid composi-
tion of these yeasts is not constant, but reflects to a great extent the nutritive lipid offer [4, 
7, 8]. In most cases, triacylglycerides, free fatty acids or polyoxysorbitan fatty acid 
esters (i.e., Tween®) are used as substrates. Apart from hydrolysis of neutral fat, which 
has been known for a long time, assimilation of phospholipids has also been described 
[9]. Assimilation of steroids has been demonstrated for cholesterol and cholesterol esters, 
leading to the induction of hyphae [8].

4.1.2  
 General Metabolism

Except the lipid metabolism, little is known about the growth conditions and metabolic 
activity of Malassezia species. As standard assimilation tests cannot be performed because 
of the lipid dependence, only few studies are available. Carbohydrate assimilation has 
been determined solely for M. pachydermatitis, which can assimilate mannitol, glycerol, 
and sorbitol as the sole source of carbohydrate [10, 11]. The capability to ferment sugars 
has not been found in any of the Malassezia species, which confirms the basidiomycetous 
nature of Malassezia yeasts [12]. Malassezia yeast cells were able to grow in vitamin-free 
basal media that contained lipids as the sole source of carbon [3]. Enhanced growth was 
observed after addition of asparagine, thiamine and pyridoxine, but these are not essential 
growth agents [3, 13]. Anorganic sulfate and sulfite were not utilized [14]. Malassezia 
yeasts utilize both organic and anorganic nitrogen sources [11], but are unable to assimi-
late potassium nitrate.
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4.2  
 Cellular Wall

The cell wall of Malassezia spp. shows a unique structure [15–17]. It is approximately 
0.12 mm thick, multilayered, consisting of the outer lamella, the multilayered wall, and the 
plasma membrane [16, 18–21]. A characteristic feature is the corrugate pattern of the 
plasma membrane, which may be visible by light microscopy and is surrounded by an 
electron lucent band [11] (see also Chap. 2.3). Functions of single compounds of the cell 
wall have not yet been defined. With a lipid percentage of 15%, the cell wall of Malassezia 
spp. shows a significantly higher proportion of lipids than that of Saccharomyces spp. 
(viz., 1–2%) [22]. The construction of the whole cell sheath with the high lipid content is 
presumably responsible for the great resistance of Malassezia cells to external influences, 
e.g., they show a high mechanical rigidity and osmoresistance [14].

4.3  
 Production of Filaments

The hyphal stage, observed by Eichstedt in 1846 [23], is difficult to induce by culture, 
although some isolates of M. furfur can spontaneously produce hyphae. Dorn and Roehnert 
[24] achieved this by adding glycine to the medium, and in the same year, Porro et al. [8] 
successfully used a medium that contained cholesterol and cholesterol esters. Faergemann 
and Bernander [25] induced hyphal growth under increased carbon dioxide tension and 
observed filamentous growth of P. ovale on human stratum corneum in vitro. Most hyphae 
were produced by the P. ovale strains ATCC 44341 and ATCC 44031, both of which are 
now reclassified as M. sympodialis. This is in line with a later finding by Saadatzadeh et al. 
[26] who tested several Malassezia strains and found that only strains of serovar A = M. 
sympodialis produced hyphae under their conditions. Although M. globosa is thought to be 
the main causative agent for PV [27], mycelial growth has not yet been induced in vitro for 
this species. However, initial hyphal formation is occasionally observed in primary cul-
tures [11, 25, 28–33] of this species isolated from PV. Only little is known about the hyphal 
stage. These hyphae, which do not present any septal pores, are now considered to be 
pseudohyphae and are discussed in more detail in Chap. 2.3. The hyphal stage is thought 
to play a role in the pathogenesis of PV, as hyphae are abundantly present in scales taken 
from lesions [30]. The frequency of hyphae in patients with PV is 100% in lesions, 42% in 
nonlesional skin of the trunk and 50% on the head. However, in 6–7%, they are also 
observed to occur on healthy skin [34].

4.4  
 Enzymatic Activities

The need for Malassezia species to assimilate fatty acids from external sources is reflected 
in the presence of multiple genes for secreted lipases and phospholipases. RT-PCR and 
proteomics experiments confirmed their expression on human scalp [6].
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4.4.1  
 Lipase

In Malassezia yeasts, hydrolysis of triacylglycerides was demonstrated during release of 
glycerol and free fatty acids [12, 29]. A membrane-bound extracellullar lipase was shown 
in vitro by Catterall et al. [35]. The enzyme is extracellularly located on the membrane 
surface after generation within the cell and extruded through the membrane. However, in 
scales of PV, identical histochemistry and electron microscopy techniques failed to dem-
onstrate this enzyme in vivo.

Using different fatty acid (mono-)esters, Mayser et al. [36] found that yeast-dependent 
hydrolysis was critically dependent on alcohol moiety of these synthetic fatty acid (mono-)
esters, while growth was best stimulated by unsaturated fatty acids. The authors observed 
greater extracellular lipase activity and more pronounced production of fatty acid ethyl 
esters in M. sympodialis than in M. furfur [37]. Differences occur in the lipid metabolism 
of Malassezia species. In particular, M. furfur was observed to assimilate ricinoleic acid 
(12-hydroxy oleic acid) and PEG-35 castor oil (Cremophor EL), and these features are 
now used for species differentiation [38, see also Chap. 2.1]. Ran et al. [39] did not detect 
lipases in the supernatant, but localized the main lipolytic activity in the insoluble fraction 
of cell extracts. In contrast, Plotkin et al. [40] demonstrated lipolytic activity in the super-
natant, and in intracellular soluble and insoluble extracts of M. furfur, and further charac-
terized three different lipolytic activities in the soluble fraction.

Cloning and characterization of the first gene encoding a secreted lipase of M. furfur 
was reported by Brunke and Hube [41]. The gene, MfLIP1, shows high sequence similari-
ties to other known extracellular lipases, but is not a member of the lipase gene family in 
M. furfur. MfLIP1 consists of 1,464 base pairs coding for the protein with a molecular 
weight of 54.3 kDa, which has a conserved lipase motif and an N-terminal signal peptide 
of 26 amino acids. The cDNA of MfLIP1 was expressed in Pichia pastoris and the bio-
chemical properties of the recombinant lipase were analyzed. MfLip1 is most active at 
40°C and the pH optimum was found to be 5.8. The lipase hydrolyzed lipids, such as 
Tweens, which are frequently used as the source of carbon in growth media for Malassezia, 
and had minor phospholipase activities. Two more lipases were characterized shortly after 
the characterization of MfLip1. The first one was a secreted lipase from M. pachydermatis 
with molecular weight of 48.1 kDa and an optimum pH of 7.5 [42]. The lipolytic activity 
was detected with tributyrin as substrate and not with triolein, suggesting that the enzyme 
is an esterase. Another lipase gene was identified and characterized in M. globosa (termed 
M. globosa LIP1gene), which codes for a 32-kDa enzyme that is active at pH 5.5 [43]. The 
purified and recombinant M. globosa lipases were only able to hydrolyze monoglycerides 
and diglycerides, but not triglycerides. Interestingly, M. globosa whole cells showed lipase 
activity including the hydrolysis of triglycerides, which indicates the existence of addi-
tional lipases in M. globosa. Moreover, by RT-PCR the authors detected M. globosa 
LIP1gene sequences on human scalp, suggesting in vivo expression of this gene, and they 
linked lipase activity to the pathogenesis of dandruff and seborrheic dermatitis. Xu et al. [6] 
found that the M. globosa genomes encode 14 lipases, 13 of which are predicted to be 
secreted. Twelve of the secretory lipases can be divided into two families represented by the 
PFAM categories LIP and lipase 3; the latter contains the previously described M. globosa 
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enzyme LIP1. According to Ro and Dawson [44], lipase activity of Malassezia species is 
fundamental in the development of dandruff and seborrheic dermatitis. Malassezia yeasts 
hydrolyze triglycerides of human sebum and the released free fatty acids cause irritation in 
susceptible individuals.

4.4.2  
 Lipoxygenase

Increased levels of lipid peroxides and their derivatives were demonstrated to occur in 
lesional, but not in nonlesional skin of patients with PV [45]. Therefore, they were thought 
to play a role in the pathogenesis of the disease. The enzyme, however, has not yet been 
synthesized. De Luca et al. [46] observed increased formation of lipid peroxides when the 
medium had been enriched with polyunsaturated fatty acids. The authors explained depig-
mentation accompanying PV by the formation of lipid peroxides, which might have toxic 
effects on melanocytes.

4.4.3  
 Azelaic Acid

In a medium containing olive oil, Malassezia yeasts (likely M. furfur) produced C9-C11 
dicarboxylic acids [47]. Especially azelaic acid, a C9 dicarboxylic acid (HOOC-(CH2)7-
COOH), competitively inhibits tyrosinase, an enzyme that is involved in the production of 
melanin. However, subsequent studies showed that these fatty acids did not influence mel-
anocytes in vivo and in vitro [48, 49]. Furthermore, their therapeutic use in the treatment 
of hyperpigmentation and melanoma, based on tyrosinase inhibition, yielded disappoint-
ing results [48]. Because of its antimicrobial activity, azelaic acid is now predominantly 
used in the therapy of acne and inflammatory rosacea [50].

4.4.4  
 Gamma-Lactone

The characteristic odor of Malassezia cultures was first described by van Abbe [51]. Later, 
these volatile substances were identified as g-decalactone [52], and they are thought to be 
responsible for the fruity and strong odor of the cultures.

4.4.5  
 Phospholipase

Phospholipase production by pathogenic isolates of M. pachydermatis from animals has 
been investigated, and higher in vitro production of phospholipase was observed in strains 
isolated from lesional skin when compared with strains isolated from healthy skin [53]. In 
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another study, phospholipase activity was correlated with M. pachydermatis subgenotypes, 
identified by sequencing two regions of the chitin synthase-2 gene and the first internal 
transcribed spacer (ITS1) of the nuclear ribosomal DNA. Subgenotype B appears to be 
present mainly on healthy skin without producing phospholipase, whereas other genotypes 
and subgenotypes seem to be predominantly associated with skin lesions and show a high 
phospholipase activity [54]. Moreover, upregulation of phosholipase production by 
b-endorphin in M. pachydermatis strains isolated from healthy dogs and nonlesional skin 
of dogs with dermatitis has recently been reported [55]. Among the anthropophilic 
Malassezia species, phospholipase production has been observed in M. furfur [9], but the 
involvement of this enzyme in the development of human skin disease is not well under-
stood. Proteomics experiments have shown that three phospholipases are secreted in 
M. globosa, thus confirming the extracellular location of these enzymes [6]. Yet, the pro-
duction of opioid peptides, e.g., b-endorphin, in AD and its association with pruritus [56] 
and the effect these compounds may have on the altered phospholipase production by lipo-
philic Malassezia yeasts colonizing lesional skin, is a prospective area of research that 
could shed light on pathogen–host interactions.

4.5  
 Production of Pigments

The feature of pigment formation in higher fungi, particularly in macromycetes, has long 
been used for taxonomic purposes. However, elucidation of some of the complex and 
instable compounds, their synthesis pathways and industrial usage was only achieved dur-
ing the last 30 years. The investigation of pigment-free mutants, especially of Aspergillus 
fumigatus, showed that pigment formation can be correlated with pathogenicity (excel-
lently reviewed by Langfelder et al. [57]). Two metabolic pathways leading to pigment 
synthesis have hitherto been demonstrated to occur in Malassezia yeasts.

4.5.1  
 Melanin

Production of melanin is well-studied in relation to pathogenicity in fungi [57]. Many 
properties related to evasion of the host immune system and antifungal drug resistance 
have been attributed to melanin or melanin-like pigments. Gaitanis et al. [58] tested all 
Malassezia strains semiquantitatively for their abilities to produce pigment when grown in 
lipid-supplemented and lipid-depleted L-DOPA and tyrosine agars. No oxidation of 
tyrosine was detected when Malassezia yeasts had been grown on tyrosine agar, indicating 
that melanogenesis may occur via a tyrosinase-independent pathway. In contrast, Malassezia 
strains tested on L-DOPA agar produced a pigment with various melanization intensities. 
Malassezia dermatis strains and M. furfur demonstrated highest and lowest levels of pig-
ment production, respectively. However, in Malassezia spp. L-DOPA was oxidized only 
after disruption of membranes, suggesting that phenoloxidase, the enzyme that mediates 
melanin production, is not secreted, but either attached to the cell wall or bound to the 
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plasma membrane as in Cryptococcus neoformans [58]. Skin scales  originating from 
hyperpigmented PV lesions, even those from patients displaying both hypo- and hyperpig-
mented lesions, showed Fontana-Masson staining-positive Malassezia cells and hyphae, 
which led the authors to conclude that melanization takes place in vivo, and may be respon-
sible for hyperpigmentation observed within the skin lesions. Thus, M. sympodialis was 
isolated from hyperpigmented lesions, and M. furfur from hypopigmented lesions of the 
same patient. No melanin-like pigment was detected in yeast cells and hyphae in skin 
scales from hypopigmented PV lesions.

4.5.2  
 Tryptophan-Derived Indole Pigments

Investigations on the metabolic requirements of Malassezia species showed that M. furfur 
was able to produce a brownish pigment diffusing into the agar when cultured on a selec-
tive agar medium that consists of the amino acid tryptophan (Trp) and a lipid source [59]. 
Under UV light, the produced pigment showed green-yellowish fluorescence [60]. Pigment 
production is specifically dependent on the presence of Trp, but independent of its optical 
activity (i.e., S or R). The lipid source can be variable. Thus, there are similarities to the 
pigment synthesis of another basidiomycetous yeast, C. neoformans, in which, depending 
on the nitrogen source (i.e., diphenyls, in particular L-dopa), a secondary metabolism can 
be induced, which results in the synthesis of melanin [61]. By induction of this pathway in 
C. neoformans, it is possible to demonstrate increased pathogenicity and in particular, 
inhibition of phagocytosis [62].

The capability to produce Trp-derived pigment is typical of M. furfur and occurs in 
reference strains as well as clinical strains isolated from foci. Some M. pachydermatis 
strains were also found to produce pigment, though after markedly longer incubation peri-
ods, with a lower yield and a limited “color spectrum” [10, 63]. Thin layer chromatogra-
phy (TLC) showed a complex pigment composition with a variety of differently colored 
single bands and numerous fluorochromes.

The chemistry and pharmacology of these compounds (Table 4.1) were found to be 
especially interesting in that they might explain phenomena of PV. Because of the complex 
composition of the pigment, priority was given to the isolation of biologically active 
metabolites detected by means of bioassays that are based on clinical phenomena of PV.

Pityriasis versicolor is one of the commonest human skin diseases, which is character-
ized by lesions of varying color, a phenomenon that is still unclarified [64]. Considering 
the fact that Malassezia belongs to the normal cutaneous mycobiota and regularly pro-
duces azelaic acid, it is difficult to understand why PV (alba) does not occur more com-
monly but only under special conditions (e.g., high air humidity and excessive sweating). 
Thus, the role of azelaic acid in the pathogenesis of PV is not yet fully elucidated [65].

The following tryptophan-derived indole pigments have been characterized, which may 
help clarify the pathogenesis of PV and  allow further insights into the pathogenicity fac-
tors, especially of M. furfur (Table 4.1).

Pityriacitrin, a yellow compound eluting from the column (LiChrospher-RP-8 col-
umn; 30 × 250 mm; Merck, Darmstadt, FRG) with 64% acetonitrile, was found to be a 
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potent UV filter due to its broad absorption (lmax 389, 315, 289, 212 nm). The compound 
is an indole derivative (9H-Pyrido[3,4-b]indole-1-yl)(1’H-indole-3’-yl)methanon; 
C20H13N3O) named pityriacitrin, which was also demonstrated to function in bacteria as a 
potent UV filter. Its UV-protective properties were confirmed by means of a yeast model 
and in humans [66–68]. Pityriacitrin produced by M. furfur might explain UV protection 
in depigmented foci of PV alba [65, 69].

Pityrialactone is a fluorescent bisindole compound that might serve as a free scavenger 
and also as a light protector due to its mesomeric structure [70]. Remarkably, the substance 
shows blue fluorescence in a lipophilic environment and yellow fluorescence in watery 
milieus. This might explain the multicolor fluorescence of PV lesions described in the lit-
erature (viz., varying from yellow–orange to green–yellow), depending on whether the 
substance is dissolved in sweat or epidermal lipids.

Pityriaanhydride, With the isomeric structure, the brick-red pityriaanhydride, another 
bisindole component of Trp-derived pigments of M. furfur, was demonstrated for the first 
time to occur in nature.

Pityriarubins. The likewise brick-red are the first compounds of the new substance class 
of bisindolyl cyclo-pentendiones [71]. In their basic structure, they are related to pityriaan-
hydride, and also to bisindolylmaleinimides and indolocarbazoles, which have gained much 
interest as protein kinase inhibitors [72]. The isolated pityriarubins A, B and C can suppress 
the release of reactive oxygen species (ROS, oxidative “burst”) from activated granulocytes 
[73]. Inhibition was observed on activation with calcium ionophore A23187, formyl-met-
leu-phe (FMLP) and interleukin 3. No inhibition occurred on activation with the classical 
protein kinase C (PKC) activators phorbol ester and dioctanoyl glycerol, and also after 
unspecific activation of G-proteins with sodium fluoride, via the alternative complement 
way using zymosan [73]. In all these cases, apart from zymosan, the unspecific arcyriarubin 
A, a representative of the class of bisindolylmaleinimides, showed inhibition of oxidative 
burst. Pityriarubins had dose-effectiveness curves similar to those of the highly potent arcyr-
iarubin A, so that a comparable potent, but very specific effect on the same target(s) can be 
assumed (IC50 between 2 and 5 mM). Despite high fungal load, these effects of the described 
substances might explain the missing granulocyte infiltration in lesions of PV [74], helping 
the yeast to escape the immune response. Based on their specific mechanism of action, they 
might therefore present a new anti-inflammatory principle.

Malassezin is a colorless substance that shows the feature of an aryl hydrocarbon 
receptor (AHR) agonist (EC 50Erod 1.6 × 10−6) and induces cytochrome P450 (EC50 = 1.57 mM) 
in cultures of rat hepatocytes [75]. Because of its acyclic structure, malassezin does not 
meet the criteria of a potent (highly affinic) AHR agonist such as indolo[3,2-b]carbazole. 
Remarkably, the yellow to orange–red Malassezia carbazoles A–D [Malassezia carbazol 
A (18), B (20), C (21) and D (19)], compounds that fulfill these criteria, have meanwhile 
been isolated from the raw extract of M. furfur [71]. Of these, 18, 19 and 21 show high 
similarity to synthetic indolo[3,2-b]carbazol, which is thought to be the best ligand for the 
AHR [75]. They have not yet been investigated for their ability to act as AHR agonists, 
because of insufficient yields of the substance. Interestingly, malassezin causes dose-
dependent induction of apoptosis in cultivated human melanocytes, which may explain the 
damage to melanocytes in lesions of PV alba [76]. Cytoskeletal changes have also been 
observed. By activity determination of caspases 8 and 9, the apoptosis pathway was 
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characterized as being “intrinsic”. It is assumed that changes in the cytoskeletal structure 
lead to impaired melanosome transport. Both apoptosis induction and cytoskeletal changes 
may be connected with depigmentation as observed in PV alba. Furthermore, through 
interaction with the AHR receptor, malassezin might induce changes in the differentiation 
and growth behavior of keratinocytes, which would be responsible for the characteristic 
desquamation observed with PV.

With its unusual azepine structure, Malassezia indole A dose-dependently inhibits tyro-
sinase, which is a key enzyme of melanin synthesis, so that both effects may complement 
each other in their mechanism of depigmention [77, 78].

A remarkable feature of the two substances, O52, a hitherto unknown 1,3-Bis(indole-
3-yl)acetone, and Keto-Malassezin (Table 4.1), which were isolated and described for the 
first time, is their capability to inhibit the dopa reaction on human epidermal melanocytes 
in situ. They are probably also tyrosinase inhibitors [77]. Both mechanisms can contribute 
to the depigmentation observed in lesions of PV alba. Keto-Malassezin represents a remark-
able substance: As a malassezin derivative, it combines the features of an AHR agonist with 
those of a tyrosinase inhibitor, and thus appears most interesting with regard to its effects 
on melanocytes (i.e. apoptosis induction inhibition of melanin synthesis).

Further metabolites, which have not yet been assigned to specific effects, have been 
summarized by Irlinger et al. [79]. The most complicated and structurally most interesting 
indole alkaloid, from cultures of M. furfur appears to be Malasseziacitrin. It is probably 
biosynthetically produced by three tryptophan molecules.

Recently, the production of two potent AHR ligands, indolo[2,3 b] carbazole 
(EC50 = 2.6 × 10−7 M) (ICZ) and indirubin (EC50 = 0.2 × 10−9 M), by M. furfur strains was 
described [58, 80]. It should be noted that the binding capacity of indirubin to human AHR 
expressed in Saccharomyces cerevisiae is up to 50-fold higher than that of dioxin 
(EC50 = 9 × 10−9 M) [81]. Moreover, indirubin has been identified in human urine and is 
considered as a candidate endogenous ligand of AHR. Its identification as a cyclin-depen-
dent kinase inhibitor and the possibility of employing indirubin as an anticancer agent 
further highlight the significance of this metabolic pathway in M. furfur. Higher quantities 
of ICZ were produced by M. furfur strains isolated from SD and PV, as compared to strains 
isolated from healthy skin [82, 83], and the production was higher in SD strains than in 
those from PV. Interestingly, the UV-protective pityriacitrin was produced by all M. furfur 
strains, suggesting a broader significance of this substance for the survival of this species 
under UV exposure on human skin. The pathway leading to the formation of Trp-derived 
pigments in the plant pathogenic basidiomycete Ustilago maydis, which is phylogeneti-
cally close to Malassezia, was recently described [84]. A tryptophan aminotransferase 
termed Tam1 was recognized as the single enzyme necessary to catalyze the first step of 
indole pigment production, i.e., tryptophan deamination and formation of indolepyruvate. 
Production of the biologically active indole derivatives (viz., pityrianhydride, pityriaru-
bins A, B and C, pityriacitrin, malasseziazole A) was a result of subsequent spontaneous 
production of pigments. Yet, as stated by the authors [84], these observations could not 
explain the differences in pigment production between M. furfur and U. maydis, and addi-
tional factors of the ecological niche (i.e. different amino acids, different strains) could be 
responsible for this discrepancy. The variability in indole compound synthesis is further 
supported by the association of pigment production with virulence in M. furfur strains 
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[82]. Understanding of the possible in vivo significance of this pathway would be achieved 
by investigating M. furfur strains from different disease backgrounds, geographical origins 
and/or by knockout studies.

4.6  
 New Findings on the Biosynthesis of Malassezia Compounds

By labelling with [1-13C]-dl-tryptophan, it was investigated whether the spiro carbon atom 
of the pityriarubins originates from the carboxyl group of tryptophan (Fig. 4.1) [71]. The 
labeled precursor [1-13C]-dl-tryptophan was demonstrated according to Erlenmeyer’s 
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azlactone synthesis. In both pityrialacton and pityriarubins, incorporation of [1-13C]-dl-
tryptophan was confirmed by means of the 13C-NMR spectra. All three pityriarubins 
showed 13C enrichment of the spiro carbon atom, and also labeling of the functions of 
carboxyl, lactam and lactone (Fig. 4.2). Pityriacitrin and pityriaanhydride failed to show 
13C enrichment, which is in accordance with the proposed synthesis pathway. Thus it was 
demonstrated that the spiro carbon atom originates from the carboxyl group. Lack of opti-
cal activity in pityriarubin A and Malassezia indole A indicates that the configuration of 
tryptophan does not play a role in the biosynthesis of these compounds. Furthermore, bio-
synthesis of these highly complex indole compounds is in fact feasible only with Trp.

Altogether, the Trp-derived pathway found in M. furfur and in some strains of M. pachy-
dermatis comprises a complex and hitherto unknown metabolic pathway, which might 
explain some phenomena of PV and may help understand pathogenicity factors of 
Malassezia yeasts. M. furfur produces a variety of substances, and most of the secondary 
metabolites that have been found are unknown structures which may act as pathogenicity 
factors. On the other hand, M. furfur is rarely isolated from lesions of PV, so that the 
impact of the indolic pathway on the disease cannot yet be clearly assessed. As the pig-
ment itself has not been demonstrated previously in lesions of PV because of the use of 
poor and contaminated material, an interesting approach is to identify genes associated 
with pigment production and demonstrate the expression of these genes in an in vitro skin 
model and subsequently, in lesions of PV. By means of cDNA subtraction technology, 
according to Diatchenko et al. [85], several genes identified in the Trp culture have been 
sequenced and compared with already annotated genes in gene databanks [86]. First results 
indicate that tryptophan apparently induces an almost toxin-like stress metabolism in 
M. furfur, as several genes, involved in detoxifying singlet oxygen and nitrosative stress 
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were identified. It is possible that the new, hitherto scarcely investigated pigment pathway 
represents an energy consuming attempt of M. furfur to transform tryptophan into “less 
toxic” metabolites. This would be in line with the observation that production of pigments 
is associated with slow growth [87]. The relevance of these genes in the disease has to be 
investigated by demonstration of the corresponding transcripts in skin samples of patients 
with PV and an in vitro infection model. Moreover, a surprisingly high number of fungi are 
able to synthesize the mentioned compounds. Among pigment forming Ascomycetes, 
Candida glabrata [88] is suitable for the identification of pigment-associated genes. 
Identification of pigment-associated genes in these fungi will help to get an insight into the 
evolution of the pathways and, subsequent generation of  knockout mutants, to determine 
whether these are factors of pathogenicity in human, animal or plant disease.

The recent observation by Fritsche et al. [80] that the potent AHR ligand 6-formylindolo 
[3,2-b]carbazole is formed spontaneously from tryptophan in cells radiated by UVB, and is 
partly responsible for UVB damage in association with the production of diverse bioactive 
indoles by M. furfur, highlights the importance of understanding the complex interactions of 
this yeast with the skin of the human or mammalian host.
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5.1  
Introduction

Malassezia species are found on normal human skin as members of the cutaneous com-
mensal flora and can be isolated from the scalp and trunk of most individuals. In contrast 
to their commensal roles, they are also known to be the aetiological agents of pityriasis 
versicolor (PV) and are implicated in a range of other cutaneous diseases, including sebor-
rhoeic dermatitis (SD) and dandruff, folliculitis, atopic/eczema dermatitis syndrome 
(AEDS) and psoriasis [1]. This apparently paradoxical behaviour, and their existence at the 
edge of the commensal – pathogen divide means that understanding their interaction with 
the immune system is very important. Although many groups have studied this relation-
ship, it is only within the last 10 years that the detailed molecular interactions have been 
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5

Core Messages

 › Malassezia species stimulate both the cellular and humoral immune responses in 
healthy humans and also in patients with Malassezia-associated diseases. The 
cellular immune responses to Malassezia yeasts often appear to be heightened in 
patients with disease. 
It has also become clear that  › Malassezia has two phenotypes – one, which is 
immuno-stimulatory and may occur in disease states, and the second, which is 
immunosuppressive and may occur during commensal carriage.
Although there are fewer studies related to dogs when compared with humans,  ›
dogs also develop a spectrum of humoral and cellular immune responses to their 
commensal yeast, Malassezia pachydermatis, both in health and in disease.
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elucidated. We are now beginning to unravel how the organism sometimes stimulates and 
sometimes downregulates the immune response against it, so that in most people it remains 
a commensal, but in some it causes disease. (Note that the discussion of immunological 
responses in patients with AEDS and the role of Malassezia in this disease will be dis-
cussed in Chap. 7 and is not included here).

Studying host–pathogen interactions necessarily means that certain antigens must be 
selected from the pathogen against which to measure the host’s response. Thus, antigen selec-
tion may become pivotal in determining what responses are found. Examining the literature 
in this area, the diversity of antigenic preparations from Malassezia that have been used by 
different groups quickly becomes apparent. Whole yeast cells [2–6], physically disrupted 
yeast cells [4, 5, 7–9], cytoplasmic antigens [10–13], cell surface proteins [14] and other 
crude preparations have all been used in assays of cellular and humoral immunity.

An important study by Zargari et al. [15] showed that the duration of culture of Malassezia 
during antigen production affects which antigens are present; protein antigens were gradu-
ally lost over time, but carbohydrate antigens were maintained over the 21-day culture 
period. The stability of antigens also varies on storage, with degradation of many protein 
antigens at room temperature or higher temperatures after 1 month of storage [16]. 
Additionally, different extraction methods also release differing antigens, with more protein 
antigens released by cell disruption with micro-glass beads than with sonication only [17].

The final problem compounding this variability is that many of the studies used strains 
classified according to different classification systems. Until 1996, when a unified classifi-
cation system was defined [18], the strains used for immunological studies were classified 
in different systems, and hence, the relationship between strains remains obscure. Although 
strains from some studies were deposited in culture collections and are still available, 
many have been lost and so, cannot be classified according to the new scheme. For exam-
ple, ATCC strain 42132, which was initially considered to be Malassezia furfur, is now 
classified as Malassezia sympodialis; so, many studies using antigens from ‘M. furfur’ 
may, in fact, have been using other species that were not recognised at that time. This is 
always a potential problem, but the genus Malassezia has undergone a particularly intense 
period of taxonomic review, with only 2 species recognised in 1989 (M. furfur and 
M. pachydermatis), compared to the 13 that are currently recognised. Using crude anti-
genic extracts in immunological assays has, therefore, led to a bewildering array of results 
and findings, with little consensus between different research groups.

In 1997, Schmidt et al. [19] reported the expression and characterisation of the first 
defined antigen from M. furfur, Mal f1. Since then, a further 11 antigens have been 
described and characterised from Malassezia species; most of them are antigens recogn-
ised by patients with AEDS. Further details on these antigens and their characterisation 
can be found in Chap. 7 in the Sect. 7.2.1.

5.2  
The Skin Immune System

Before examining how Malassezia interacts with the immune system, this section will 
review what is currently known about the skin and the immunologically active role that it 
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plays. Malassezia is a commensal of the skin, and most of the conditions with which it has 
been associated affect the skin.

Cutaneous cells are known to be an integral part of the immune system and the skin 
immune system (SIS) is a well-recognised entity [20]. The SIS contributes to both innate 
immune responses and those of the adaptive immune response [21]. Because the skin is the 
outermost part of the body, it is subjected to a constant barrage of microbial, physical and 
chemical insults, and its physical integrity and barrier function is an important part of the 
innate skin immune defence [22]. In addition, the relatively acidic pH of sweat and sebum 
on human skin and the presence of various fatty acids all help defend against cutaneous 
microbial assault, and the stable commensal flora help to prevent transient organisms 
becoming established on the skin.

There are several chemicals present in the skin that have activity against micro-organ-
isms: most notably, anti-microbial peptides, which are present in abundance in the skin 
[21]. Anti-microbial peptides are polypeptides of low-molecular weight that have activity 
against bacteria, viruses and fungi at physiological concentrations [23]. They are produced 
by keratinocytes, both constitutively and in response to micro-organisms and cytokines. To 
date, at least 10 anti-microbial peptides have been found in skin, including the human beta 
defensins (HBD), psoriasin, the cathelicidin LL37 and dermicidin [24]. Anti-microbial 
peptides are not only able to kill a range of organisms, but they also act as mediators of 
inflammation and cytokine production, thus influencing many aspects of the skin milieu.

The complement system is another component of the innate immune system and is 
made up of over 30 proteins that are present in human serum as well as in the skin [25]. 
There are three complement pathways, the classical pathway, activated by immune com-
plexes; the lectin pathway, activated by terminal mannose residues found on bacteria; and 
the alternative pathway, activated by lipopolysaccharide from Gram negative bacteria and 
the cell walls of some yeasts. Activation of the complement cascade results in the lysis of 
susceptible cells and also (a) the production of opsonic fragments, which enhance the abil-
ity of neutrophils and macrophages to phagocytose material; and (b) production of pep-
tides that induce local and systemic inflammatory responses. Several organisms that occur 
on the skin can activate the complement cascade, including Candida species [26], propi-
onibacteria [27] and Malassezia yeasts [28], and so may initiate inflammation and the 
recruitment of neutrophils into the skin.

The importance of neutrophils in defence against fungi is highlighted by the pre- 
disposition of neutropenic patients to fungal infections [29]. Within the skin, neutrophils 
are not normally present, although they may occur in conditions where significant inflam-
mation occurs [30].

Although the innate immune response is characterised by its lack of specificity, it util-
ises pattern recognition receptors to recognise microbial compounds. Toll-like receptors 
(TLR) present on neutrophils, macrophages and many other cells can recognise microbial 
structures, known as ‘pathogen-associated molecular patterns’ (PAMPs) on bacteria, 
viruses and fungi [31]. Within the normal cutaneous cell population, keratinocytes and 
Langerhans cells express TLR’s, although other cells that can infiltrate the skin, e.g. neu-
trophils also express them. PAMPs present on fungi include b-glucans on Candida albi-
cans and Aspergillus fumigatus, mannan and phospholipomannan on C. albicans and 
galactomannan on A. fumigatus, which act as ligands for TLR2, TLR4 and other receptors 
[32]. Interaction of the fungal PAMP and corresponding TLR or receptor triggers 
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signalling cascades within the receptor-bearing cell, leading to production of inflammatory 
cytokines and, in phagocytes, triggering of the killing mechanisms via both the oxidative 
and non-oxidative pathways [21]. The inflammatory cytokines released may activate or 
recruit further cells, leading to an escalation of the response.

In addition to the innate immune mechanisms in the skin, adaptive immune responses 
also occur. Specific, adaptive immune responses are only elicited if the innate response fails 
to remove the ‘foreign’ material. Antigens from the skin surface, including those of com-
mensal or pathogenic organisms are taken up by the resident dendritic cell (DC) popula-
tions in the skin – Langerhans’ cells and dermal dendritic cells. DCs express several TLRs, 
as well as serving as antigen-presenting cells and so function as the link between innate and 
adaptive immune responses. Several fungi, including C. albicans, Cryptococus (Cr.) neo-
formans, A. fumigatus, Histoplasma capsulatum and Malassezia spp. can be internalised 
by DCs and their antigens presented [33]. After uptake of antigens, DCs migrate to the 
draining lymph nodes and interact with naïve CD4 T-cells, inducing differentiation of the 
T-cells into either Th1 or Th2 subsets [21]. The T-cells specific to the antigen are stimu-
lated and undergo clonal expansion, after which they leave the lymph node and enter the 
skin. Once in the skin, they can interact with their antigen and produce cytokines according 
to their Th profile. Th1 cells are associated with protective responses, synthesising TNFa, 
IFNg, IL1, IL6 and IL12, while Th2 cells are not protective, synthesising IL10, IL4 and 
IL5 [33].

Although many immunological cells are either present in the skin or can migrate there 
under appropriate cytokine or chemotactic influences, B lymphocytes are absent. Despite 
this, immunoglobulins specific to the commensal flora are produced in normal individuals 
[3, 34, 35] and are able to bind to the eliciting organism on the skin [36]. Although it was 
previously thought that B-cells and humoral immunity were of limited importance in 
defence against fungal infections, recent data have demonstrated that, at least for some 
fungi, particularly C. albicans and Cr. neoformans, humoral immunity may influence the 
course of the infection [37].

5.3  
Innate Immune Responses to Malassezia

5.3.1  
Complement System

Malassezia was first suggested as having the ability to activate the complement system by 
Martin-Scott [38] in 1952, but it was not until the 1980s when it was demonstrated that it 
could activate the alternative [28] and classical pathways [39]. The activation of both path-
ways is time and cell concentration dependent, but the molecule responsible for the activa-
tion has not been elucidated, although b-glucan in the cell wall may be involved [40].

Complement is involved in the inflammation associated with several dermatoses, 
including acne vulgaris [41] and psoriasis [9]. The role of complement in Malassezia-
associated diseases has not been extensively investigated, but C3 has been found deposited 
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in the lesions of seborrhoeic dermatitis [42, 43] and hence, at least for this disease, inflam-
mation may be partly complement-mediated.

5.3.2  
Anti-microbial Peptides

Anti-microbial peptides are important components of the innate immune system and LL-37, 
a cathelicidin, is present in the skin. It has been shown that this anti-microbial peptide is 
active against Malassezia in vitro, with an MIC of 20–30 mM [44] and it was found to be 
present in higher concentrations in lesions of PV than in healthy skin. The LL-37 was pro-
cessed from an inactive precursor in the lesions and co-localised with the Malassezia, sug-
gesting that it had a role in innate immune defence against Malassezia in PV.

Most of the anti-microbial peptides in the skin are produced by keratinocytes either 
constitutively or as a result of infection or inflammation [21]. Human b defensin 2 (HBD), 
another anti-microbial peptide found in skin, was initially described as being induced in 
psoriatic cells and is highly active against Gram negative bacteria and C. albicans. 
Donnarumma et al. [45] demonstrated that when M. furfur is co-cultured with keratino-
cytes, the keratinocytes internalised the yeast, which resulted in the upregulation of HBD2 
via a protein kinase pathway. HBD2 can act as a chemoattractant for neutrophils and mac-
rophages and activate these cells to release the inflammatory cytokines, IL6 and IL8. Thus, 
the interaction of Malassezia with keratinocytes can lead to the initiation of inflammatory 
changes in the skin.

5.3.3  
Transferrin

Transferrin is an iron-binding b-globulin plasma protein synthesised by the liver that trans-
ports iron to mammalian cells; in human plasma, transferrin is normally present at 
2–3.2 mg/mL and is typically one-third saturated with iron [46]. Transferrin may contrib-
ute to innate host defence against bacterial and fungal pathogens by limiting microbial 
access to iron [47]. Transferrin may also inhibit bacterial adhesion [48] and have a direct, 
iron-independent antifungal effect [49]. Among pathogenic fungi, transferrin has been 
shown to inhibit the growth of dermatophytes [49–51], Candida spp. [51, 52], Cr. neoformans 
[53, 54], Rhizopus oryzae [49] and H. capsulatum [55].

Transferrin has been demonstrated in canine serum by high-resolution protein electro-
phoresis [56] and in bovine serum by radial immunodiffusion [57] and immunoelectropho-
resis [48]. Jenkinson et al. [58] showed that transferrin was one of the soluble proteins 
present within the stratum corneum of cattle and sheep and suggested that it was mainly 
derived from sweat. It has also been demonstrated in human sweat [59]. Since the micro-
biota of healthy mammalian skin is located in the superficial layers of the stratum corneum 
and in the pilosebaceous units [60–63], transferrin is present at sites where it may influence 
cutaneous microbial populations in humans and animals. In addition, it has been postulated 
that the diffusion of serum into the inflamed epidermis enables unsaturated transferrin to 
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promote recovery from dermatophytosis and to prevent the systemic growth of dermato-
phytes [50, 64].

Canine and bovine unsaturated transferrin was shown to have a dose-dependent, repro-
ducible, inhibitory effect on the growth of M. pachydermatis in vitro [65] at concentrations 
that were comparable to plasma concentrations reported in humans [46]. The spongiotic 
dermatitis reaction that occurs in cases of Malassezia dermatitis in dogs [66] might pro-
mote the accumulation of transferrin from serum and, in association with other compo-
nents of the SIS, serve to restrict yeast proliferation at the sites of infection in the skin. 
Saturated transferrin was equally effective at inhibiting the growth of M. pachydermatis in 
that study, indicating that the inhibitory effect on this yeast is not dependent upon iron 
depletion. Further studies of the mechanism of inhibition of growth and of the potential 
role of transferrin in innate immunity to Malassezia spp. yeasts are warranted.

5.3.4  
Cellular Responses and Cytokine Production

Phagocytes form an important part of the innate immune defence against fungi and the 
interaction of neutrophils and Malassezia has been examined in several studies. The uptake 
and killing of Malassezia by neutrophils in vitro is a complement-dependent process [67]. 
Uptake is maximal at 40 min, after which it plateaus, but killing of the ingested yeast is 
very inefficient, with only 5% of the cells killed after 2 h. This lack of killing is in contrast 
to other yeast and fungal genera, where killing of up to 80% of cells occurs [68, 69]. In this 
study, if Malassezia cells were pre-treated with ketoconazole, killing increased to 23%, 
with the amount of killing proportional to increasing drug concentrations. Several possible 
explanations have been proposed for this inability of neutrophils to kill Malassezia. When 
grown in the presence of oleic acid, Malassezia produces azelaic acid, a C9 dicarboxylic 
acid [70]. Azelaic acid decreases production of O2

− and OH. by neutrophils in a dose-
dependent manner and also reduces H2O2 production, due to inhibition of cellular metabo-
lism [71]. It is also an oxygen radical scavenger [72], and if azelaic acid is produced by 
Malassezia in vivo, this may help to protect it from the oxygen-dependent killing mecha-
nisms used by neutrophils. Another factor that has been suggested to help protect 
Malassezia from phagocytic killing is the presence of a lipid-rich capsular-like layer 
around the yeast cells [73]. Preliminary data suggest that the capsular-like layer reduced 
Malassezia uptake and activation of neutrophils and that this may contribute to their pro-
tection during phagocytosis [74].

More recently, the role of some of the tryptophan metabolites of Malassezia yeasts in 
this lack of neutrophil activity against Malassezia have been demonstrated [75]. M. furfur 
can convert tryptophan into a range of indole alkaloids, including the pityriarubins (A, B 
and C). Neutrophils were obtained from healthy donors and stimulated with a calcium iono-
phore to stimulate superoxide release. When the pityriarubins were added, they caused a 
decrease in the production of reactive oxygen species (ROS) in a concentration dependent 
manner, with pityriarubin C being most active in the assay. The authors concluded that this 
ability to produce such compounds would enable Malassezia to downregulate the immune 
response directed against it and contribute to the lack of inflammation seen in PV.
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Binding between Malassezia and phagocytic cells has been studied in the human mono-
cytic cell line THP-1, and is mediated by the mannose receptor, b-glucan receptor and com-
plement receptor 3 [76]. When the THP1 cells were stimulated with live or heat-killed 
Malassezia cells, the production of IL8 increased in a time and concentration-dependent pat-
tern [77]. Stimulation of the granulocyte cell line, HL60, by Malassezia increased the levels 
of both IL8 and IL1a, again in a time and concentration dependent pattern. This stimulation 
of monocytic cells by Malassezia and the resultant production of IL8 and IL1a will lead to 
the chemotaxis of neutrophils and T-cells and hence augment the inflammatory response.

Chemoattraction of neutrophils from psoriatic, atopic and healthy controls in response 
to Malassezia was studied by Bunse et al. [78]. Using a Boyden chamber, cells of M. furfur 
were incubated in the lower part of the chamber, with the test neutrophils in the upper part 
and after three hours, the neutrophils that had crossed the membrane separating the two 
parts of the chamber were counted. Neutrophils from patients with psoriasis showed sig-
nificantly more chemoattraction than those from atopic or control subjects. Both the super-
natant and washed cells of M. furfur produced the same effects; the factor causing 
chemoattraction was destroyed by acid hydrolysis and was hydrophilic, indicating that it 
was a protein. This chemoattraction of neutrophils by colonising Malassezia was sug-
gested as contributing towards the Koebner phenomenon seen in patients with psoriasis.

One interesting facet of Malassezia is its ability to act as an adjuvant [79]. Mice injected 
intraperitoneally with different amounts of live or heat-killed Malassezia cells at various 
time points were subsequently challenged intraperitoneally with Salmonella enterica. Pre-
treatment with even small numbers of Malassezia conferred resistance to infection and 
optimal protection occurred when the Malassezia was injected 4 days before the Salmonella. 
Protection was due to the activation of intra-peritoneal macrophages, which showed 
increased bactericidal activity as well as increases in number. Protection by Malassezia 
was equivalent to that of Propionibacterium acnes, a known activator of the reticuloen-
dothelial system. Malassezia pre-treatment was also able to protect mice against subse-
quent challenge with tumour cell lines, and this protection was due to stimulation of 
macrophages to produce oxygen intermediates [80]. Thus, Malassezia is able to upregulate 
the immune system and give protection against subsequent bacterial or tumour challenge.

The interaction of Malassezia and peripheral blood mono-nuclear cells (PBMNC) has 
been studied in some detail. One of the first studies was by Neuber et al. [8], looking at the 
effects of a strain of ‘P. ovale’ on the PBMNC from patients with seborrhoeic dermatitis. 
They collected the PBMNC from 10 patients with SD and10 healthy controls and mea-
sured the IL2, IL10 and IFNg released when the cells were stimulated with P. ovale com-
pared with the levels of the cytokines that were produced constitutively. Stimulation of 
PBMNC from normal donors enhanced both IL2 and IFNg production, but this was not 
seen when PBMNCs from patients with SD were stimulated. In contrast, IL10 synthesis 
was significantly higher by PBMNC from patients with SD compared with normals. The 
level of constitutive IL10 production was also higher from patients with SD. The finding 
of this increased production of IL10, which can inhibit T-cell cytokine synthesis, was sug-
gested as a possible cause of the decreased production of IL2 and IFNg and suggested by 
the authors as an explanation for the ‘disturbed T-cell function in SD’.

Later studies examined cytokine profiles in the PBMNC of normal, healthy donors 
when co-cultured with Malassezia. An initial observation made by Walters et al. [81] 
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reported that M. globosa significantly reduced the production of IL1b by PBMNC. 
However, in a later study, using formalised whole Malassezia yeast cells, harvested in mid-
exponential phase in co-culture experiments, it was found that when they were used at a 
yeast:PBMNC ratio of 1:1; M. sympodialis and M. globosa were able to significantly 
increase production of IL1b, IL6 and TNFa above base line; while M. restricta caused 
significantly increased production of IL6 and TNFa [82]. In contrast, when the ratio of 
yeast cells/PBMNC was 20:1, all the species caused suppression of IL1b, IL6 and TNFa. 
When viable cells were used, also at a ratio of 20:1, suppression of all three cytokines was 
also seen. This ability of Malassezia to suppress the pro-inflammatory cytokines is impor-
tant and seems to correlate with the situation seen in vivo. Malassezia is a member of the 
normal cutaneous flora and elicits minimal inflammation in this situation. In PV too, there 
is little inflammatory infiltrate, suggesting that despite a large fungal burden, there is com-
paratively little stimulation of the immune system [11]. The role of the capsular-like layer 
in the downregulation of cytokine production by PBMNC has been studied [83]. Yeast 
cells of M. sympodialis, M. globosa and M. restricta were treated with chloroform : metha-
nol to extract the lipids around and within the cell wall; these cells were then co-cultured 
with PBMNC at a yeast:PBMNC ratio of 20:1. Untreated yeast cells from the same species 
were also tested in parallel. The lipid-extracted cells of all the species were found to induce 
either significantly higher (P < 0.05) or constitutive levels of IL1b, IL6 and TNFa in 
PBMNC after 24 h of co-culture. Therefore, by removing the lipid layer around the yeast 
cells, the immunosuppressive phenotype had been reversed and resulted in an immunos-
timulatory phenotype. The lipid layer appears to have some parallels with the capsule of 
Cr. neoformans, giving Malassezia some protection from phagocytic uptake and killing 
and also limiting its ability to stimulate cytokine production by PBMNC. This ability to 
limit immune stimulation may be the way in which Malassezia can exist as a commensal 
on the skin of most people.

5.3.5  
Interaction of Malassezia spp. with Cutaneous Cells

Over the last 10 years, the details of the interaction of Malassezia with many cutaneous 
cell types have been investigated and these are detailed below (Note that details of the 
interaction of Malassezia with DCs will be covered in the Sect. 7.2.1 in Chap. 7).

5.3.5.1  
Infiltrates Within Malassezia-Associated Diseases

Cutaneous conditions with which Malassezia spp. have been associated are numerous, and 
some of the evidence that has implicated Malassezia in these conditions has come from 
histological studies. Histological studies have also provided information about how 
Malassezia interacts in situ with cutaneous cells within the lesions.

The inflammatory cells seen in lesions of PV consist mainly of mature T cells [84], 
although the phenotype has been reported to be predominantly helper/inducer [84] or 
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suppressor [85]. Langerhans cells are also commonly found, often adjacent to the fungi 
within the lesions [85].

A recent study compared the inflammatory infiltrate in PV with that in tinea corporis 
and noted that the infiltrate in PV was significantly less than that in the dermatophyte 
infection, despite a heavy fungal burden [86]. The authors concluded that this might be due 
to the lipids associated with the Malassezia yeast cells, and also possibly the production of 
pityriarubins, which can suppress ROS production by neutrophils. This correlates with the 
work of other authors who found that the lipid layer around the cells was correlated with 
the ability to downregulate cytokine responses in PBMNC [82] and keratinocytes [87] (see 
Sect. 5.3.5.3).

The infiltrate in lesions of SD consists of lymphocytes [88], most of which are CD4+ 
Th cells [89]. Numbers of Langerhans’ cells are not increased in lesional skin. A study 
more recently found that in addition to lymphocytes and Langerhans’ cells, macrophages, 
monocytes and granulocytes are also present [42]. Large numbers of NK1+ and CD16+ 
cells were present indicating an irritant-like reaction. ICAM1 (intercellular adhesion mol-
ecule 1) and C1q positive cells were found in larger numbers in the skin of patients than 
that of controls. ICAM 1 is present on endothelial cells and leucocytes and is involved in 
leucocyte adhesion and inflammation, being required for neutrophil migration into inflamed 
tissue, which may explain the presence of neutrophils in the infiltrate of SD.

The other condition associated with Malassezia where the lesional infiltrate has been 
extensively characterised is folliculitis. The extent of the infiltrate is dependent on whether 
the follicle has ruptured. In the absence of follicular rupture, lymphocytes are the main cell 
type in the lesions [42, 90–93], but once the follicle ruptures, the infiltrate is more extensive 
and varied, including neutrophils [94], macrophages, eosinophils and plasma cells [95].

In dogs with dermatitis associated with M. pachydermatis, dermal inflammation is 
characterised by a superficial perivascular or interstitial infiltrate of mono-nuclear cells, 
with focal accumulations of neutrophils, eosinophils and mast cells [66, 96–98]. Exocytosis 
of lymphocytes is frequent whereas eosinophilic or neutrophilic micro-abscesses are less 
often seen. Mast cells may be aligned in a linear pattern at the dermo-epidermal junction 
in some cases [66]. A variety of different pathological patterns have been reported in cats 
with abundant cutaneous Malassezia spp., depending primarily on the nature of the con-
current diseases; dermal infiltrates ranged from sparse in cats with an atrophic follicular 
pattern associated with pancreatic paraneoplastic alopecia, to a more prominent mixed 
dermal infiltrate at the dermo-epidermal junction in cats with interface dermatitis of 
unknown aetiology [99].

5.3.5.2  
Interaction with Melanocytes

The interaction between Malassezia and melanocytes is of particular interest in PV as the 
alteration of pigmentation seen in this condition is usually the presenting sign for most 
patients. Several groups have attempted to unravel the mechanisms by which either hypo- 
or hyper-pigmentation can occur. An early study found that in patients with the hypo- 
pigmented form of disease, although there were similar numbers of melanocytes in lesions 
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and normal skin, the melanocytes in affected skin had a decreased deposition of melanin on 
the melanosomes and that the melanosome granules were not evenly distributed throughout 
the keratinocytes in the epidermis [100], a finding confirmed by subsequent studies [101, 
102]. This alteration of melanosome distribution has been reported in hyper-pigmented 
lesions too [102–104]; however, one group found no differences in melanosome distribu-
tion and suggested that the hyper-pigmentation in PV was not due to melanin [105]. The 
mechanisms by which Malassezia may affect melanocytes are not fully understood. Early 
work indicated that azelaic acid was an inhibitor of tyrosinase, an enzyme involved in mel-
anogenesis, and might have a cytotoxic effect on melanocytes, resulting in hypo-pigmenta-
tion [70]. Subsequent work by the same group, demonstrated that Malassezia has 
lipoxygenase activity, which could lead to the production of lipoperoxides, similar to those 
seen in PV, which damage melanocytes and result in hypopigmentation [106, 107]. More 
recently, a tryptophan metabolite of Malassezia, malassezin, has been shown to induce 
apoptosis in melanocytes, causing decreased melanin synthesis and resultant hypo-pigmen-
tation [108]. Although these mechanisms may cause hypo-pigmentation, they are unlikely 
to explain the hyper-pigmentation seen in some PV lesions. One study found that the kera-
tin was thicker in hyper-pigmented lesions, but the number of melanocytes and melano-
somes was not different to normal skin [104], although they only studied five patients.

5.3.5.3  
Interaction with Keratinocytes

Adherence, the specific attachment of micro-organisms to cells and tissues, is thought to 
play an important role in the colonisation and infection of mammals by pathogenic fungi 
[109–112]. Adherence allows fungi to resist physical forces, which may otherwise result 
in its removal from the host and may precede other pathogenic events such as germination 
and invasion [111]. The factors which influence the adherence of Candida spp. to epithelial 
cells of both mucosal and cutaneous origin have been extensively investigated [110, 113], 
and several adhesins are now well-characterised [114], whereas the adherence of Malassezia 
spp. has received much less attention.

The interaction of Malassezia with keratinocytes is of great importance as keratinocytes 
are the largest cell populations within the skin, having both a structural and immunological 
role. An early study demonstrated that in PV, Malassezia were taken up by keratinocytes 
and could be seen intra-cellularly, mainly as hyphal elements [115]. The keratinocytes had 
undergone degradation, demonstrated by the presence of ‘lipidic’ material within the kera-
tinocytes, possibly due to the action of enzymes produced by Malassezia.

5.3.5.4  
Adherence to Human Keratinocytes

Malassezia furfur was found to adhere to human stratum corneum cells in vitro in a dose, 
time and temperature-dependent manner [116]. Stratum corneum cells from various sites 
were co-incubated with various species of Malassezia, at a concentration of 105 epithelial 
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cells and varying concentrations of Malassezia cells, varying time periods and incubation 
temperatures. Epithelial cells were then washed and Gram stained and the number of 
adherent cells counted under light microscopy. Significantly more adherent cells were 
found at 37°C than at 25°C; at 90 and 120 min than at 60 min, but there were no differences 
in adherence between the different strains tested. Adherence was only seen from an inocu-
lum of 104 organisms and increased significantly with increasing inoculum up to 107 organ-
isms. However, as most areas of the body only have a population of 102–104 CFU/cm2 of 
Malassezia, even in the presence of disease, it is unclear if the findings reported in this 
study can be extrapolated to normal human skin.

Using the same assay system, the group later examined the adherence of Malassezia to 
stratum corneum cells from 28 patients with SD and 30 healthy controls and found no 
significant differences in the adherence between the two groups, leading them to suggest 
that adherence is not a critical process in SD [117, 118].

Schechtman et al. [118] investigated the adherence of various Malassezia spp. (corre-
sponding to M. globosa, M. sympodialis and M. obtusa in the current taxonomy) [1] to 
stratum corneum cells from human patients with SD of varying HIV status. The Malassezia 
strains evaluated adhered to human stratum corneum cells in a time-dependent manner. A 
single Malassezia strain showed comparable adherence to skin cells derived from HIV-
positive and healthy individuals without SD. Isolates obtained from patients with SD, 
HIV-associated SD, PV and Malassezia folliculitis showed variable adherence, but over-
all, there was no relationship between the adhesive properties of the strains and the disease 
status of the host from which they originated. In addition, there was no correlation between 
strain adherence to human stratum corneum cells in vitro and the clinical severity of SD.

5.3.5.5  
Adherence of Malassezia pachydermatis to Canine Stratum Corneum Cells

Bond and Lloyd reported a series of studies [119–121] investigating the in vitro adherence 
of M. pachydermatis to canine stratum corneum cells and observed a number of similarities 
with related studies of other pathogenic fungi. Adherence of M. pachydermatis to canine 
corneocytes in vitro peaked at 2 h [119]; this was in accordance with previous in vitro stud-
ies of the adherence of M. furfur and C. albicans to human corneocytes [116, 122], and of 
C. albicans to human buccal epithelial cells [123]. Early exponential phase cells of one  
M. pachydermatis strain were less adherent than stationary phase cells, presumably reflect-
ing variable synthesis or surface expression of adhesin(s) during cell growth and develop-
ment. Similarly, growth phase has been shown to have significant effects of the adherence 
of Cr. neoformans [124] and C. albicans [125, 126] to various cell types. Formalin treat-
ment did not adversely affect the adherence of M. pachydermatis, indicating that the yeast 
adhesin(s) resist this fixative and that yeast viability is not required for attachment to canine 
corneocytes, in accordance with studies on Cr. neoformans [124].

Yeast adhesins are generally mosaic proteins because they require several domains with 
discrete functions [114]. In Candida spp, several adhesins are now well characterised, 
including the hydrophobic and peptide-binding Als proteins of C. albicans and the sugar 
binding EPA galectins of C. glabrata. Trypsin treatment (0.1% for 30 min) of four out of 
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five M. pachydermatis strains led to reduced adherence, implying that trypsin-sensitive 
cell surface proteins or glycoproteins are important in the adherence of M. pachydermatis 
to canine corneocytes. Trypsin treatment of the corneocyte had less consistent effects with 
only two strains showing reduced adherence, but also providing some evidence for a role 
for epithelial cell proteins or glycoprotein ligands. However, in neither case did trypsin 
treatment abrogate yeast adherence, indicating that either protein or glycoprotein adhesins 
or ligands remained functional despite enzymatic attack, or that other mechanisms are 
involved, perhaps involving adhesins with broad specificities [114].

Both N-acetyl d-glucosamine and chitin, a component of the cell wall of C. albicans, 
which contains N-acetyl d-glucosamine, have been shown to inhibit the adherence of this 
species to epithelial cells [127, 128]. A variety of sugars, including N-acetyl d-glucosamine, 
mannose, and sucrose, has been reported to inhibit the adherence of Cr. neoformans to rat 
glial cells [124]. By contrast, mannose, sucrose and N-acetyl d-glucosamine did not con-
sistently inhibit the adherence of M. pachydermatis to canine corneocytes, although the 
adherence of one strain was inhibited by N-acetyl d-glucosamine only [119].

Lectins are proteins or glycoproteins that bind specifically to various saccharides; for 
example, concanavalin A (con A) binds a-d-mannose. Con A pre-treatment inhibited the 
adherence of one M. pachydermatis to canine stratum corneum cells, suggesting that man-
nosyl-bearing carbohydrate residues on the epithelial cells serve as ligands for adhesins 
expressed by this strain. This conclusion was supported by the dose-related abrogation of 
the inhibitory effects of con A by pre-incubation with a 6 %, but not a 3 %, solution of 
methyl a-d-mannopyranoside, a hapten inhibitor of con A. Similar results were found in 
studies of the adherence of C. albicans to human buccal epithelial cells [129]. Further stud-
ies are required to identify the molecular basis of the adherence of M. pachydermatis to 
canine corneocytes in vitro, to determine whether similar mechanisms occur in vivo, and 
to investigate whether drugs or inhibitors of the adherence process can be used in the eco-
logical control skin diseases of dogs associated with M. pachydermatis.

5.3.5.6  
Malassezia pachydermatis Adherence in Canine Malassezia  dermatitis

Changes in the adhesive capacities of epithelial cells have been associated with a number 
of pathological conditions and infectious diseases [130–132]. An assay of M. pachyderma-
tis adherence to canine stratum corneum cells was used to examine whether the adhesive 
capacities of the epithelial cells could be related to population sizes of the yeast in the skin 
of seborrhoeic and healthy basset hounds, a breed predisposed to Malassezia dermatitis 
associated with very high yeast counts [133], and in healthy Irish setter control dogs [121]. 
The M. pachydermatis population sizes in the healthy basset hounds (n = 5) were signifi-
cantly greater (P < 0.001) than those in the Irish setters (n = 6) but were significantly lower 
(P < 0.001) than those in the seborrhoeic basset hounds (n = 6). The numbers of adherent 
yeast cells in the two strains tested were significantly greater (P < 0.001) on corneocytes 
derived from healthy basset hounds, compared with corneocytes taken from healthy Irish 
setters and seborrhoeic basset hounds. The inverse relationship between population densi-
ties in vivo and stratum corneum cell adherence in vitro suggests that increased stratum 
corneum cell receptivity for the yeast is not important in the pathogenesis of SD associated 
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with M. pachydermatis in basset hounds. These findings are similar to those reported in a 
previous investigation of M. furfur adherence in humans with SD; the yeast was better able 
to adhere to stratum corneum cells from healthy individuals than to cells from patients with 
SD [117]. It is possible that the reduced adherence to cells from the seborrhoeic dogs 
reflects an adaptive host response to the putative infection with M. pachydermatis.

The histopathological features of acanthosis with a compact or parakeratotic stratum 
corneum [134] in basset hounds with Malassezia dermatitis suggests that the epidermis is 
hyperproliferative, and the rapid turnover of epidermal cells may preclude normal matura-
tion and reduce the expression of ligands for M. pachydermatis adhesins. This hypothesis 
is supported by the observations of Bibel et al. [131] who showed a two-fold increase in 
the adherence of Staphylococcus aureus to fully keratinised human nasal mucosal cells, 
when compared to cells from the upper granular layer.

5.3.5.7  
Cytokine Production by Keratinocytes in Response to Malassezia

Keratinocytes produce a range of cytokines and immunological mediators, some of which 
are produced constitutively and some as a result of infection or trauma [135]. Four studies 
have now been published describing the interactions of Malassezia species and keratino-
cytes, although the conditions used and results described differ widely between the studies 
(See Table 5.1). The first study to examine this interaction co-cultured keratinocytes with 
yeast cells of M. furfur, M. pachydermatis, M. slooffiae and M. sympodialis for 1–24 h and 

References Watanabe et al. 
[136]

Baroni et al. 
[137]

Ishibashi et al.  
[138]

Thomas et al. 
[87]

Species M. furfur
M. pachydermatis
M. slooffiae
M. sympodialis

M. furfur M. globosa
M. restricta
M. furfur
M. sympodialis

M. furfur
M. globosa
M. obtusa
M. restricta
M. slooffiae
M. sympodialis

Keratinocytes Normal human HaCat 
cell line

Normal human 
and cell line

Normal human

Ratio Y:K 
(multiplicity 
of infection)

1:1 30:1 20:1 27:1

Duration 
of co-culture

1–24 h – 24 h 12–96 h

Cytokines 
measured

IL1b, IL6, IL8, 
MCP-1, 
TNFa

IL1a, TNFa,
IL6, IL10, 
TGF b1

IL3, IL4, IL5, IL6, 
IL7, IL8, IL10, IL13, 
GM-CSF, 
BMP-4, BMP-6, 
FGF-6, MIP-3a, 
GCSF, TIMP-1, 
TIMP-2, Leptin

IL6, IL1 a, 
TNFa, IL8, 
IL10

Table 5.1   Conditions used and cytokines measured in keratinocyte-Malassezia co-culture studies
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assayed the cytokines produced [136]. M. furfur stimulated only low or undetectable levels 
of all cytokines (IL1b, IL6, IL8, TNFa and monocyte chemotactic protein 1 (MCP)), 
whereas the other species stimulated increasing levels over time, with the highest levels 
being seen with M. pachydermatis. Induction of cytokines only occurred in the presence of 
the yeast cells and could not be induced by culture supernatants, indicating the need for 
cell–cell contact.

However, conflicting results were reported by Baroni et al. [137], who found that  
M. furfur had significant immunomodulatory effects, downregulating IL1a and TNFa, 
leading to a lack of IL6; and upregulation of IL10 and TGFb1. Two main differences 
between these studies, which may in part contribute to their divergent results, are the ratio 
of yeast : keratinocyte (multiplicity of infection) used and the source of keratinocytes. A 
further study concentrated on the interaction of M. globosa and M. restricta with keratino-
cytes and found that both species stimulated Th-2 type cytokine profiles, with M. globosa 
resulted in increased levels of IL5, IL10 and IL13, while M. restricta resulted in increased 
levels of IL4 [138]. These results were the same with keratinocytes from normal human skin 
and from a cell line. The authors suggested that this induction of a Th-2 type cytokine profile 
by M. globosa and M. restricta, both found on the skin of patients with atopic dermatitis 
(AD) [139], might be involved in the inflammation associated with the condition. The most 
recent study examining this interaction reported the effects of six species of Malassezia on 
normal human keratinocytes, using exponential and stationery phase yeast cells, some of 
which had been treated to remove the lipid-layer that surrounds the yeast [87]. Malassezia 
yeast cells, which retained their lipid layer, resulted in little or no increase in levels of IL1a, 
IL6, TNFa or IL8, but significantly increased the intracellular levels of IL10. If the cells had 
been treated and the lipid-layer removed, co-culture resulted in increased levels of IL6, IL8 
and IL1a, but not TNFa, and decreased levels of IL10. The most noticeable effects were a 
66-fold increase in levels of IL8 with viable, decapsulated stationary phase M. globosa, a 
38-fold increase in levels of IL6 and a 12-fold decrease in intracellular IL10 levels with 
non-viable, decapsulated stationary phase M. furfur. Thomas et al. [37] concluded that this 
ability of Malassezia species to upregulate cytokine production could contribute signifi-
cantly to the inflammation seen especially in SD, with IL6 and IL8 leading to increased 
proliferation of keratinocytes and migration of leucocytes into the skin.

The variations in the patterns of cytokine production by keratinocytes seen in the differ-
ing studies are hard to reconcile, but what is clear is that if these same effects are seen 
in vivo, Malassezia will have a significant effect on the cytokine milieu in the skin and so 
may influence the development and progress of skin inflammation and hence exacerba-
tions or improvements in cutaneous conditions.

It has been shown that TLR2 is upregulated when keratinocytes are infected with  
M. furfur [140], leading to the induction of IL8 and human beta-defensin 2, an anti-micro-
bial peptide, by the keratinocytes. IL8 is a pro-inflammatory cytokine and a neutrophil 
chemoattractant, and this mechanism may be involved in the inflammation seen in 
Malassezia-associated conditions.

Examining the interaction of Malassezia with keratinocytes from psoriatic patients, 
Baroni et al. [141] found that in patients colonised with Malassezia, levels of transforming 
growth factor b (TGF-b) and heat shock protein 70, were significantly higher than culture 
negative psoriatic patients or controls. TGF-b affects keratinocyte migration and 
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proliferation and its upregulation by Malassezia was thought to be a contributory factor in 
the hyper-proliferation seen in exacerbations of psoriasis.

In dogs, epidermal hyperplasia is often prominent in skin biopsy specimens obtained from 
lesions of Malassezia dermatitis [66, 96–98]. Chen and others showed that extracts of and 
culture supernatants from M. pachydermatis were unable to induce the proliferation of cul-
tured canine keratinocytes directly in vitro [142]. However, in a subsequent study, whole, 
viable M. pachydermatis cells did not induce proliferation of cultured canine keratinocytes 
either, contrary to an unpublished preliminary report [143], suggesting that the epidermal 
hyperplasia results from either a direct effect that does not operate in the absence of a blood 
supply or functioning skin immune system, or indirectly as a consequence of inflammation 
[144]. High concentrations of M. pachydermatis cells were associated with increased kerati-
nocyte apoptosis.

5.3.5.8  
Interaction with Dermal Fibroblasts

The interaction of Malassezia with dermal fibroblasts has also been studied, but only to a 
limited extent [145]. Malassezia adhered to the fibroblasts within 4 h and was taken into 
the cytoplasm within 24 h, a process that caused damage to the membrane of the fibro-
blasts. Cytochalasin D, an inhibitor of actin polymers, inhibited this uptake, suggesting 
that the engulfment was an active process, dependent on F-actin. Although these data are 
interesting, in normal skin, Malassezia is not likely to come into contact with dermal fibro-
blasts, so the relevance of these findings is unknown.

5.4  
Adaptive Immune Responses to Malassezia

5.4.1  
Humoral Responses in Humans

The humoral immune response to Malassezia species has been extensively studied since 
the early 1980s, both in healthy individuals with no history of disease and also in patients 
with Malassezia-associated conditions [146–153]. A wide range of methods have been 
used to detect the antibodies, including indirect-immunofluorescence (IIF), dot blots and 
enzyme-linked immunosorbent assays (ELISA), with IIF considered to be a less sensitive 
method than ELISA. The antigens used in the different studies included whole cells, solu-
ble antigens, cytoplasmic extracts, protein antigens and carbohydrate antigens.

Antibodies specific to the yeast phase of Malassezia can be measured in the serum of 
healthy individuals who have no history of Malassezia-associated diseases. The first study to 
demonstrate the presence of antibodies in normal subjects was that of Alexander [154]. Using 
IIF and whole cells antigens, she found that 10 normal subjects had significant titres of spe-
cific immunoglobulins. DaMert et al. [5] also found ‘high’ titres in normal individuals.
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Sohnle et al. [155] were the first group to study different classes of antibodies. They stud-
ied two groups of differing ages (23–44 years and 70–88 years), and determined antibodies 
to Malassezia, C. albicans and Trichophyton rubrum using a tube ELISA. Antigens from 
Malassezia were prepared by ether extraction and grinding and titres of IgG, IgA and IgM 
were recorded. Both groups of individuals had measurable Malassezia-specific antibodies of 
all three classes tested; levels of IgM were significantly lower in the older group.

In 1983, titres of IgG were measured in 21 adults and 36 children (range 6 months to 15 
years) using IIF against whole yeast cells [6]; the titres in adults were found to be signifi-
cantly higher than those in children. The authors suggested that the antibody levels were a 
reflection of colonisation levels, which are higher in adults than children. Similar findings 
were reported in levels of IgG in a group of healthy individuals, ranging in age from 29 to 
81 years [156]. Levels of IgG were highest in the age group 29–31-years-old and lower in 
older subjects. As population levels of Malassezia on the skin are lower in older individu-
als, this study also tends to suggest that antibody levels may correlate with population 
densities of the organism.

The first study examining antibody levels to different species of Malassezia in the same 
individual used an ELISA to determine titres of IgM, IgA and IgM to M. sympodialis, M. 
globosa and M. restricta [157]. Five groups of non-atopic females, with no history of skin 
disease, grouped according to age (2–3 years, 7–10 years, 20–24 years, 33–40 years and 
60–64 years) were included. Titres of IgG and IgM were determined in all individuals and 
titres of IgA in 36 subjects. IgG and IgM were found to all the species by the age of 2–3 
years. Titres were similar for all the age groups, except those in the 60–64 year group, 
which were significantly lower. For IgG, titres were similar over the whole age range stud-
ied. Only 18 subjects had detectable levels of IgA and the titre was low in all of them.

One of the largest studies to measure antibodies to Malassezia obtained sera from 868 
subjects, ranging in age from 0 to 80 years [158]. Subjects were included regardless of 
whether they had Malassezia-associated diseases and so the results are neither representa-
tive of healthy individuals nor patients. Culture filtrate from M. furfur was used in immu-
noprecipitation to test the sera. Antibodies were only found in 31% of the sera tested. They 
were not detected in subjects less than 11 years of age and highest levels were found in the 
31–40-year old group. The findings of antibodies in such a low percentage of the study 
population is probably a reflection of the lack of sensitivity of the method used and the lack 
of antibodies in children contrasts with the findings of other groups.

The only study to examine antibody responses to the mycelial phase of Malassezia in 
healthy individuals found that specific IgM, IgG, IgG subclasses and IgA could all be 
detected [159] with the highest titres for IgG. Despite the relative lack of mycelia on nor-
mal skin, the antibody response may be due to cross -reacting or common antigens in the 
yeast and mycelial phases, eliciting the production of antibodies.

Overall, the presence of antibodies to Malassezia in healthy individuals appears to cor-
relate to its presence on the skin as a member of the commensal flora. Stimulation of the 
immune system occurs at a young age and is of sufficient duration that IgM and IgG anti-
body classes are produced. IgA titres are low, indicating that mucosal stimulation only 
occurs to a limited extent in healthy individuals.

Against this background of antibodies in normal individuals, many studies have also 
examined the humoral immune response in patients with various Malassezia-associated 
diseases. The findings from the studies are summarised in Table 5.2. The results reported 
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Table 5.2   Studies examining humoral immunity in normal individuals and those with Malassezia-
associated conditions

Findings of the study No of subjects Method 
used

Antigenic 
preparation

Reference

Studies which found higher antibody levels in patients than controls
2 of 6 PV patients had 
higher titres, the other 
4 and controls had low 
titres

6 PV, 10 controls IIF Tape strips from 
PV patients

[152]

Higher mean titres in 
patients

14 PV, 14 controls IIF Whole cells [5]

Titres of IgG and IgM 
higher in patients

30 PV, 30 controls IIF [153]
12 PV, 12 controls IIF Mycelial form [159]
20 PV, 10 controls ELISA Whole cells and 

exoantigens
[150]

Titre of IgG higher in 
patients

40 SD, 40 controls ELISA Cytoplasmic 
antigens

[12]

Titres of IgG higher in 
patients; titres of IgM 
higher in patients when 
measured against oval 
form

25 SD, 10 controls ELISA Whole cells and 
exoantigens

[150]

Titres of IgG higher in 
patients

32 folliculitis, 25 
controls

IIF Whole cells [148]

IgG to 100 kDa and 
120 kDa proteins found 
only in psoriasis patients

15 psoriasis, 10 
SD, 9 PV, 10 
controls

Western 
blot

Cytoplasmic and 
cell wall 
preparations

[151]

Studies which found no difference in antibody titres between patients and controls
No difference in the titre 
of antibody titres between 
patients and controls

40 PV, 31 controls Haemn Soluble antigen [7]
30 PV, 22 controls IIF Whole cells [6]
6 PV, 6 Controls Dot blot Soluble antigens [11]
10 PV, 10 Controls ELISA Whole cells [2, 3]
10 SD, 10 controls ELISA [3]
30 SD, 60 controls IIF [147]
10 SD, 10 controls IIF, FACS Whole cells and 

carbohydrate 
antigen

[4]

30 SD (historical 
controls used)

IIF Whole cells [89]

19 SD, 19 controls IIF [149]
19 SD, 19 controls ELISA Whole cells and 

cytoplasmic extract
[13]

18 acne, 18 controls IIF Whole cells -
Studies which found lower antibody titres in controls than patients

10 SD, 10 controls ELISA Protein antigen [4]

PV pityriasis versicolor; SD seborrhoeic dermatitis; IIF indirect immunofluorescence; ELISA 
enzyme-linked immunosorbent assay
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are conflicting, with many studies finding increased antibody titres in patients, whilst oth-
ers have found no differences between patients and controls. Even when the studies are 
examined in detail, there does not appear to be any pattern to these results. Antibody pro-
duction to Malassezia is probably governed by a number of factors, not just the presence 
or absence of disease. Factors that could lead to variation in antibody production in a popu-
lation include the density of Malassezia on the skin of individuals, the extent and fre-
quency with which Malassezia antigens gain access to stimulate an immune response and 
also differences in the sensitivity and specificity of methods used to measure the antibody 
titres. The only conclusion which can, therefore, be drawn is that antibody levels do not 
appear to correlate with the presence of Malassezia associated disease and are not a useful 
immunological marker to study.

5.4.2  
Humoral Responses in Dogs

Several studies have examined humoral immune responses to M. pachydermatis in dogs. 
Serum levels of M. pachydermatis-specific IgG and IgA measured by ELISA in 21 sebor-
rhoeic basset hounds and 11 dogs of various breeds with Malassezia dermatitis exceeded 
(P < 0.01 for IgG; P < 0.05 for IgA) those of 14 healthy basset hounds and eight healthy 
beagles [160]. These results indicate that high serum IgG and IgA levels are not protective 
in M. pachydermatis-associated SD in basset hounds and other breeds. Increased IgA lev-
els might be associated with antigen exposure due to mucosal carriage [133, 161]. Atopic 
dogs were also shown to have higher serum titres of M. pachydermatis – specific IgG when 
compared with healthy dogs, irrespective of whether there was cytological evidence of 
Malassezia overgrowth at the time of sampling [162].

Total serum IgA concentrations in healthy bassets, seborrhoeic bassets and affected dogs 
of mixed breeds were significantly greater (P < 0.01) than those of beagles, and concentra-
tions in affected basset hounds exceeded (P < 0.01) those of the Irish setters [160]. These 
data indicate that serum IgA deficiency is not a factor in the pathogenesis of the disease.

Western immunoblotting was used to further investigate and compare humoral immune 
responses in healthy dogs and dogs with Malassezia dermatitis by blotting of M. pachydermatis 
antigens separated by SDS-PAGE [163]. A total of 14 bands of immunoreactivity were 
identified with approximate molecular weights of 219, 204, 132, 110, 76, 71, 66, 60, 50–54, 
43–50, 42, 37–40, 35 and 32 kDa. The number of bands (mean ±se) of immunoreactivity 
observed in the seborrhoeic basset hounds (10.7±0.4) was significantly greater (P < 0.01) 
than those of beagles (3.0±1.0), Irish setters (5.5±1.1) and healthy basset hounds (5.6 ±0.7). 
Band numbers in the mixed-breed affected dogs (9.4 ±0.9) were significantly greater than 
those of beagles (P < 0.01), healthy basset hounds (P < 0.01) and Irish setters (P < 0.05). 
There were no significant differences between beagles, Irish setters and healthy basset 
hounds. In general, staining intensity was greatest in specimens where multiple bands were 
evident.

There were clear differences in the individual protein bands recognised between groups. 
Most dogs displayed immunoreactivity towards the 132, 66 and 50–54 kDa proteins and 
few dogs recognised the 204 and 76 kDa proteins. The majority of the affected dogs 
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showed reactivity towards the 219, 110, 71 and 42 kDa proteins, whereas reactivity to 
these proteins was seldom detected in healthy dogs. Less well-defined differences between 
groups were seen with the 40–37, 35 and 32 kDa proteins. There was a highly significant 
positive correlation (rs = 0.76, P < 0.001) between the number of bands identified and the 
titre of M. pachydermatis-specific IgG antibodies in each sample as determined previously 
using ELISA.

In another study of healthy and atopic dogs, the relatively weak reactivity to a small 
number of bands in healthy dogs contrasted with the stronger reactivity to a larger number 
of bands seen in atopic dogs [164]. Many atopic dogs’ sera recognised bands of 90, 82, 61, 
45–51, 42, 29 and 25 kDa, whereas the 25 kDa band was not present with sera from 
healthy dogs. The identity and function of the 25 kDa protein and its significance in the 
pathogenesis of yeast infection in canine AD is not known. The differences in the reported 
molecular weights of the resolved proteins between these two studies [109, 130] might 
reflect variation in antigen expression that occurs during different growth phases of M. 
pachydermatis [165] in a manner analogous to that reported previously for Pityrosporum 
orbiculare (possibly M. globosa in the current taxonomy) [15], or other technical differ-
ences between the laboratories.

Significantly higher concentrations of M. pachydermatis specific IgE were detected by 
ELISA in atopic dogs when compared with healthy dogs, although there was no significant 
difference in concentrations between atopic dogs with and without evidence of yeast infec-
tion [162]. Sera from more than half of the atopic dogs recognised allergens of 45, 52, 56 
and 63 kDa [166]. In a more recent study of serum concentrations of anti-M. pachyderma-
tis IgE antibodies in atopic and healthy dogs, no significant differences were found between 
the affected and control groups, despite immediate intradermal test reactivity being much 
more frequent in the atopic dogs [167]. Serum from dogs with atopic dermatitis and imme-
diate intradermal test reactivity to M. pachydermatis or high M. pachydermatis specific 
IgE concentrations was able to induce passive cutaneous anaphylaxis in healthy recipient 
beagle dogs that was abrogated by heat inactivation or IgE-absorption, indicating that anti-
Malassezia IgE is functional in immediate hypersensitivity reactions in atopic dogs with 
Malassezia dermatitis.

5.4.3  
Cellular Responses in Humans

Cellular immune responses are important in defence against fungi and the increased inci-
dence of several Malassezia-associated diseases has been documented in patients with 
various cellular immune deficiencies. Patients who have received renal transplants and 
are treated with immunosuppressive agents have a higher than normal incidence of PV 
[168, 169]; bone marrow transplant [91] and heart transplant recipients [170] have higher 
than normal incidence of folliculitis; and SD is very common in HIV/AIDS patients 
[171–173].

Cellular immune responses can be measured using the lymphocyte transformation assay 
(LT) and the leucocyte migration inhibition assay (LMI). The LT measures the proliferation 
of lymphocytes in response to specific antigens, or mitogens, which cause non-specific 
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stimulation of the cells and hence are used as measure of how much the lymphocytes are 
capable of proliferating. The LT response to antigens is much lower than to mitogens because 
only those lymphocytes specific to the stimulating antigen will proliferate. In the LMI, the 
leucocytes are stimulated by antigens and if they recognise the antigen, the migration of the 
leucocytes will be inhibited and the size of the inhibition can be measured [174].

5.4.3.1  
Healthy Individuals

In contrast to the many studies which have examined humoral immunity to Malassezia in 
healthy individuals, there are very few studies that have examined cellular immunity in 
healthy subjects per se. A small study by Cunningham used the LT and LMI to study cel-
lular responses in nine individuals, ranging in age from 8 to 57 years to M. sympodialis,  
M. globosa and M. restricta [175]. She found positive LT responses in all the age groups, 
but responses to M. sympodialis were lower than those to M. globosa and M. restricta. 
Responses in the LMI did not differ between age groups or species. Although this is a 
small study, it does demonstrate that cellular immunity is present in individuals in whom 
there is no history of Malassezia-associated disease.

Further data on cellular responses in healthy individuals can be obtained by studying 
control data from various studies on cellular responses in disease. The findings are sum-
marised in Table 5.3. Cellular immunity is obviously stimulated in healthy subjects who 
have no history of skin diseases and from childhood until late middle age cellular immu-
nity is measurable. No studies have included subjects older than 61 years, so we do not 
know if this immunity persists into old age, although it may be that as the densities of 
Malassezia decrease into old age, as the skin lipid content decreases, the stimulation they 
provide is lost and hence cellular immunity may also wane.

No of subjects (age range) Method used Results References

15 (22–40 years) LMI Mean response = 31.5% (significant 
response is >20%)

[176]

LT Mean response = 21–23 (significant 
response is >4)

[176]

32 (20–42 years) LT Mean response = 26.5 (significant 
response is >4)

[9]

20 (23–45 years) LMI 8/19 positive (1 subject not tested) [2]

LT 3/20 positive [2]

15 (23–61 years) LT Mean response of 31a [179]

12 (19–49 years) LT Mean response of 27a [179]

16 (mean = 56 years) LT Responses ranged from 0 to 50 with 
different antigen preparationsa

[13]

Table 5.3   Cellular immune responses specific to Malassezia in healthy individuals

aThere was no discussion in these studies as to what the authors took as a significant response
LT Lymphocyte transformation assay; LMI Leucocyte migration inhibition assay
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5.4.3.2  
Pityriasis Versicolor

The first studies to examine the cellular immune response to Malassezia in patients with 
PV resulted in the widely quoted finding that these patients have a cellular immune defi-
ciency to Malassezia. Studying 12 patients with PV and 15 controls, it was found that 
while responses in the LT were not different between patients and controls, the responses in 
patients in the LMI were significantly lower than controls [176]. In a subsequent study, 
involving 18 PV patients and 42 controls, the authors reported that the response of patients in 
the LT assay showed a ‘modest, but statistically significant decrease in the magnitude of 
the lymphocyte transformation response’ to Malassezia. However, this significant differ-
ence was only seen on day 6 of the assay, but the peak response was not reached until day 
9, at which point there was no difference [177]. Because the rate of lymphocyte transfor-
mation may differ between individuals, it is important that comparisons are made at the 
peak response, and hence the conclusion that patients have a cell-mediated immune defi-
ciency specific to Malassezia is not consistent with the data reported.

Subsequent studies did not support these initial reports either. A study of 31 PV patients 
and 30 healthy controls found that patients had higher responses in the LT assay than con-
trols to Malassezia [178]. Using the LT and LMI with whole cells of M. sympodialis, 
M.globosa and M. restricta as antigens, Ashbee et al. [2] studied the cellular responses of 
10 patients with PV and 10 age-and-sex-matched controls. There was no significant differ-
ence in the LT responses between patients and controls. Of note, none of the subjects 
responded to cells of M. sympodialis and it was suggested that if the early studies had used 
this species, the apparent lack of reactivity in the assay may be a reflection of lack of 
response to a certain species, rather than a general cell-mediated immune deficiency. In the 
LMI, a significantly greater proportion of patients with PV responded to M. globosa than 
controls, but their responses to M. sympodialis and M. restricta were not different. Thus, 
patients did not appear to have a cell-mediated deficiency and, in this study, appeared to be 
more responsive to Malassezia. This study also suggests that there are differences in 
responses between the different species of Malassezia and thus the organism selected as 
the antigen in studies will have a profound effect on the results obtained. It, therefore, 
seems desirable to select multiple species for immunological studies in an attempt to over-
come these possible differences in responses between species.

One study which also reported a reduction in the LT response in PV patients, studied 12 
patients and 15 controls [179]. Interestingly, this study only used one species, that was clas-
sified as M. furfur at that time (ATCC 42132), but which is now known to be M. sympodialis 
and hence maybe less reactive than other species. The mean response of all patients was 
compared to the mean response of all controls and found to be significantly different. 
However, one control had a very high response, which may have skewed the data, leading 
to this apparent difference.

The most recent study examining cellular responses in PV patients used Malassezia in 
the mycelial phase as antigens for the first time [180]. Mycelial transformation occurs in 
PV and is characteristic of the disease, and hence the mycelial antigens if they are differ-
ent from the yeast antigens, will be almost specific to the disease. Using three strains that 
had been induced to form mycelia, the cellular responses of 12 patients with PV and 12 
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 age-and-sex-matched controls were measured in the LT and LMI. The mean response of 
patients was significantly higher than that of controls in the LT assay for all three strains 
tested. In contrast, the responses of patients in the LMI assay were not different to those of 
controls. Again, this study does not support the contention that patients with PV have a 
cell-mediated deficiency to Malassezia, and adds weight to data suggesting that these 
patients’ cells are more reactive in cellular assays than controls.

5.4.3.3  
Seborrhoeic Dermatitis

The first study to determine the Malassezia-specific cellular response in patients with SD 
used whole cells of M. sympodialis, M. globosa and M. restricta in the LT and LMI assays 
[2]. In 10 patients with SD and 10 age-and-sex-matched controls, more patients than con-
trols responded to M. globosa and M. restricta, but there was no difference in the responses 
to M. sympodialis in the LT assay. In the LMI, more patients than controls responded to  
M. restricta, but the responses to M. sympodialis and M. globosa were not different between 
the patients and controls.

Another study, examining 10 patients with SD and 10 healthy controls, used ‘P. ovale’ 
as the antigen in proliferation assays [8]. P. ovale from older classifications is thought to 
correspond to M. slooffiae, M. obtusa or M. sympodialis, and hence the strain used here 
may have been an immunologically less-reactive M. sympodialis. Stimulation of 
 lymphocytes was carried out with a protein extract of the strain at four concentrations 
and the response recorded after four days. The extract did not induce stimulation of 
lymphocytes from patients with SD at any concentration, but at two concentrations 
 stimulated lymphocytes from healthy controls. At one concentration, the proliferation of 
lymphocytes from SD patients was significantly lower than healthy donors. It is of note 
that there appears to be considerable variation in the results presented, but as only means 
of patient and control data were presented, it is not possible to see what is the source of 
this variation.

A third study examined the responses of 16 patients with SD and 16 controls to  
M. furfur [13]. Five different antigenic preparations were used – whole cells, cytoplasmic 
antigens, cell wall antigens, a sonicated preparation and a commercially available prepara-
tion – also prepared by sonication. The results were diverse for the different antigen prepa-
rations, with the lowest response to the cell wall antigen preparation, but when analysed 
statistically there was no significant difference in responses between patients and 
controls.

The most recent study found that there was no difference in proliferation to M. furfur 
(an isolate now considered to be M. sympodialis) between 15 patients with SD and 15 
controls [179].

Overall, despite some variation in results, most studies have either found no major dif-
ference in cellular responses specific to Malassezia in patients with SD when compared 
with healthy controls, or slightly increased responses in patients. Therefore, although SD 
is common in patients with gross deficiencies in cellular immunity, such as AIDS, the 
response specific to Malassezia does not appear to be deficient.
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5.4.3.4  
Psoriasis

The role that Malassezia plays in psoriasis has been a matter of debate and controversy. It 
is known that treatment of psoriatic scalp lesions with ketoconazole results in improve-
ment of the lesions and concomitant decrease in Malassezia population densities [181, 
182]. An attempt to understand their role was made by studying the response of T-cells 
from scalp psoriatic lesions and other sites, to see if Malassezia-specific T-cells were con-
fined to the scalp [10]. Skin biopsies and blood were obtained from 13 patients with psoria-
sis and T-cell lines were derived from the skin by stimulation with ‘P. orbiculare’ 
(synonymous with M. globosa). Blood T-cell lines were derived by stimulation with either 
‘P. ovale’ or ‘P. orbiculare.’ Proliferation responses did not differ significantly between the 
two organisms. With the scalp T-cell lines and T-cell lines from other sites, more of them 
responded to ‘P. orbiculare’ than ‘P. ovale.’ T-cell lines generated from patients with alo-
pecia areata yielded similar results, suggesting that these T-cell lines are not related to the 
pathogenesis of psoriasis and may simply be a reflection of sensitisation due to colonisa-
tion by Malassezia on the scalp and other sites.

5.4.4  
Cellular Responses in Dogs

Cellular responses to M. pachydermatis have been studied in dogs. Peripheral blood mono-
nuclear cell proliferative responses following exposure to M. pachydermatis antigen 
(500 mg/mL) in vitro in seven healthy basset hounds exceeded those of eight seborrhoeic 
basset hounds with high populations of M. pachydermatis and eight Irish setters with glu-
ten-sensitive enteropathy (P < 0.05) [160]. Stimulation indices in the latter two groups and 
eight healthy beagles were comparable. Stimulation indices following M. pachydermatis 
exposure at 50 mg/mL, and to the mitogen, phytohaemagglutinin in the four groups of dogs 
did not vary significantly. Further studies are required to determine whether the reduced 
peripheral blood mono-nuclear cell proliferative responses to M. pachydermatis in affected 
basset hounds, in comparison to healthy hounds, are a cause or an effect of this disease.

Morris and others [183] investigated peripheral blood mono-nuclear cell responses and 
intradermal test reactivity to a crude extract of M. pachydermatis amongst atopic and 
healthy dogs. Atopic dogs with cytological evidence of Malassezia dermatitis had an 
increased lymphocyte blastogenic response to the extract, compared with clinically normal 
dogs and dogs with Malassezia otitis. Responses in atopic dogs with and without Malassezia 
dermatitis or otitis did not vary significantly, and there was no correlation between PBMNC 
proliferation and intradermal test reactivity. The authors concluded that cell-mediated and/
or humoral reactivity to M. pachydermatis might contribute to the pathogenesis of AD in 
dogs and modification of the dysregulated immune response to the yeast may be of clinical 
benefit in the management of canine atopic dermatitis. By contrast, although beagle dogs 
that had suspensions of M. pachydermatis applied to their skin once daily for 7 days devel-
oped transient mild skin lesions and delayed intradermal test reactivity to a crude M. 
pachydermatis extract, PBMC proliferation indices did not change during the study period 
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[184]. Cytokine production by reactive PBMNC after M. pachydermatis exposure in dogs 
does not appear to have been reported.

5.5  
Models for Malassezia-Associated Diseases

5.5.1  
Normal Skin

The factors that lead to the development of Malassezia-associated diseases are still not 
fully understood, despite decades of research. The ecosystem on human skin is complex 
and modelling the interactions between the different organisms is difficult. One of the first 
studies to look at the interaction of Malassezia with a skin model was that of Bhattacharyya 
et al. [185]. Skin equivalents were prepared and allowed to form stratified epidermis, after 
which they were inoculated with Malassezia yeasts cells (6 × 104 cells). Viable Malassezia 
could be recovered from the skin equivalents over the 4 day sampling period and an 
increase in cell count occurred. When examined under scanning electron microscope, the 
upper layers of the stratum corneum showed destruction; there were no hyphae formed 
with all the cells remaining as yeasts. The authors concluded that the model probably most 
closely simulated colonisation and commensal growth, rather than any disease process. A 
recent study using skin equivalents found that when Malassezia was inoculated at a popu-
lation density similar to that found on normal skin (102 CFU), proliferation occurred reach-
ing 104 CFU within 72 h [186]. This was despite the fact that Malassezia requires long 
chain fatty acids for growth, which were not provided, indicating that the skin equivalent 
provided these directly. Further development of such models may, with time, allow us to 
simulate the interactions between normal cutaneous commensals and so better understand 
the normal skin ecosystem and, in turn, changes which can give rise to disease.

5.5.2  
Pityriasis Versicolor

Some of the earliest attempts to model PV were carried out by Moore [187], when he 
attempted to induce lesions on the skin of rabbits, guinea pigs, rats and mice. None of 
the animal experiments were successful, although he did succeed in inducing lesions on 
the normal skin of healthy volunteers.

Repeated application of lipid-dependent Malassezia yeasts onto the skin of guinea pigs 
induced cutaneous lesions characterised clinically by erythema, scaling and crusting [188, 
189]. The lesions were characterised histologically by superficial inflammation with hyper-
keratosis and parakeratosis. Swiss white mice also developed skin lesions following yeast 
application whereas the nude (nu/nu) mouse, the hairless mouse and the nude rat did not 
[188]. Later studies by Faergemann [190, 191] were successful in experimentally infecting 
rabbits. He inoculated the inner ear of the rabbits with 107 Malassezia yeasts, but found that 
the infection only developed if the inoculation site was occluded. The lesions fluoresced 
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under Wood’s light and when examined microscopically, showed the classical combination 
of yeasts and short hyphae seen in PV. Lesions generally resolved spontaneously.

5.5.3  
Seborrhoeic Dermatitis

Recently, a mouse model of SD has been described [192]. D2C mice were found to spon-
taneously develop an inflammatory skin condition that resembles SD. The mice have 
severe CD4 and CD8 T-cell lymphopenia and a defect in their T-cell receptor, and devel-
oped the condition when they reached sexual maturity. When the skin was examined, there 
were small oval structures present, which were thought to be Malassezia yeasts and treat-
ment with fluconazole resulted clinical improvement. At the age of 70–90 day the mice 
underwent spontaneous remission of the condition, when their lymphopenia resolved and 
their CD4+ population increased. The utility of this model has yet to be tested, particularly 
as mice do not normally carry Malassezia on their skin, so the oval structures seen may not 
be yeasts and, additionally, because the condition spontaneously resolves, it is not known 
how closely it actually resembles other aspects of SD.

5.5.4  
Psoriasis

The role of Malassezia in psoriasis is still debated, but in 1980, a model using rabbits 
inoculated with Malassezia resulted in psoriasiform lesions [193]. The rabbits had the fur 
on their back clipped, and these areas were then inoculated twice daily from Monday to 
Friday and once daily on Saturday and Sunday with either live or heat-killed whole 
Malassezia cells. Three strains were used, one of which was M. furfur; the identity of the 
other two strains was ‘M. ovalis.’ The inoculated areas were allowed to air dry but were 
not occluded. Within 48–72 h of the first application, redness developed at the site of 
inoculation, and by 5 days of continued application, the site was red and covered with a 
thick white scale. The lesions continued as long as the inoculation took place, but resolved 
within 72–96 h when the inoculation ceased. Both live and heat killed cells produced the 
same reaction and when examined under the microscope, there was a large collection of 
neutrophils, similar to that seen in psoriasis. In conclusion, the authors felt that this model 
not only showed that Malassezia had a role in psoriasis, but that it could be used to study 
the condition. As with mice, rabbits are not normally colonised by Malassezia spp. [194] 
and thus challenge experiments in those hosts might reflect events following novel expo-
sure to Malassezia-derived antigens rather than the continuous low level exposure that can 
be anticipated in the skin of humans and dogs.

5.5.5  
Malassezia pachydermatis Otitis and Dermatitis in Dogs

In a seminal study, Gustafson [195] showed that a single inoculation of a suspension of  
M. pachydermatis (‘Pityrosporum canis’) was able to induce a transient mild otitis externa 
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(OE) characterised by erythema and brown exudate in seven of seven 7 inoculated dogs, 
whereas a lipophilic strain (‘P. ovale’) did not induce OE in three dogs. Otitis associated 
with M. pachydermatis proliferation was also induced by the application of a mixture of 
malt agar and olive oil, which the author attributed to the ‘activation’ of the commensal 
Malassezia mycobiota. Mansfield and others [196] were also able to induce clinical signs 
of OE in dogs inoculated with either pure cultures of M. pachydermatis (two out of nine 
ears), a culture filtrate of M. pachydermatis in Sabouraud’s broth (five of eleven ears), 
freshly prepared Sabouraud’s broth (one of three ears), or sterile saline (one of eight ears). 
Histopathological examination of biopsies of affected ears showed epidermal hyperplasia 
and lymphocytic inflammation. The authors concluded that M. pachydermatis was an 
opportunistic aural pathogen and that moisture and other atraumatic manipulation of the 
ear canal promoted yeast proliferation. Similarly, Uchida and others [197] were able to 
induce an erythemato-ceruminous OE in eight out of eight healthy Beagle dogs within 3–4 
days of the single application of a suspension of M. pachydermatis.

The effects of the daily application for 7 days of suspensions of Malassezia pachyder-
matis to normal canine skin were evaluated in 10 beagle dogs. Four out of six dogs chal-
lenged without occlusion developed transient lesions generally characterised clinically by 
mild erythema with papules and histologically by mild epidermal hyperplasia and a super-
ficial perivascular dermatitis. The clinical features of erythema resembled those frequently 
seen in the early stages of the natural disease, but none of the dogs developed the matting 
of hair by greasy exudation that is often seen in intertriginous areas in naturally-occurring 
cases [198]. Saline-treated control sites showed no clinical signs. In four dogs challenged 
with occlusion, skin lesions occurred at both yeast and saline-treated sites; erythema and 
papules were more severe at the yeast-treated sites in three dogs. Occlusion induced more 
persistent lesions, which resolved within 24 days, again illustrating the importance of 
moisture in the proliferation of this yeast on skin [191, 196]. Population densities of the 
yeast were highest at day eight and declined rapidly following cessation of application. 
Peripheral blood mono-nuclear cell proliferation indices following M. pachydermatis 
exposure in vitro and serum concentrations of M. pachydermatis-specific IgG antibodies 
did not vary significantly during the study. Delayed (24 h) intradermal test reactivity to M. 
pachydermatis antigens developed in all eight dogs with clinical signs following yeast 
exposure. The authors concluded that the resistance of healthy canine skin to infection by 
M. pachydermatis is mediated by local delayed hypersensitivity responses and/or innate 
epidermal immune mechanisms. Further studies are required to determine how skin 
defences can be degraded to permit the development of persistent experimental skin infec-
tions in dogs.

5.6  
Conclusions

The interaction of Malassezia species with the host immune system has been widely inves-
tigated and some key findings have emerged. In humans and dogs, it is known that 
Malassezia is able to stimulate humoral and cellular immunity both in healthy individuals 
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and in patients with Malassezia-associated diseases. The magnitude of the humoral 
immune responses in humans does not appear to correlate with the presence or severity of 
disease, but may simply be related to commensal carriage and associated immune stimula-
tion. Cellular immunity is important and in several diseases the magnitude of cellular 
responses is greater in patients than healthy people.

Malassezia appears to have two divergent phenotypes; one which stimulates the immune 
system resulting in significant activation of various immunological pathways, whilst the 
second phenotype allows it to limit immune stimulation to a large extent and perhaps con-
tributes to its ability to exist in most people as a commensal. Understanding these two 
phenotypes and the factors that lead to changing between them are important if we are to 
understand how Malassezia-associated diseases arise and how they may be prevented.
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Core Messages

 › Malassezia yeasts have been implicated in the pathogenesis of a variety of 
different human diseases. These include the common skin infection, pityriasis 
versicolor (PV), along with systemic infection, particularly in neonates. 
Increasingly, though, they are associated with other conditions where the role 
of Malassezia in the pathogenesis is less clear and, in some cases, speculative. 
Examples include the common skin diseases, psoriasis and seborrhoeic 
dermatitis, as well as much rarer conditions, such as confluent and reticulate 
papillomatosis.
PV is a superficial infection associated mainly with  › M. globosa. It is a non-life 
threatening condition that presents with scaling. Diagnosis depends on the 
demonstration of organisms by direct microscopy, and treatment is usually 
successfully accomplished either by topical or systemic imidazole therapy. 
Associated diseases include folliculitis, which is an infection associated with 
symptomatic hair follicle invasion by Malassezia, responding to antifungal 
therapy along with conditions, such as psoriasis and cephalic pustulosis where 
the connection between the organisms and the disease is less clearly established. 
In the case of onychomycosis, there is little evidence that Malassezia yeasts are 
implicated in nail plate invasion, although this may be a rare occurrence.
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6.1  
Pityriasis Versicolor

6.1.1  
Introduction

Pityriasis versicolor (PV) is a skin infection caused by species of the genus Malassezia. 
Under the old taxonomic classification, the cause of this condition was ascribed to M. 
furfur, but this has now changed. With the modern molecular-genetically based taxonomy, 
in most cases it is thought to be due to M. globosa, although other species are likely to be 
involved in some cases, particularly those forms of PV that have atypical distributions. 
The disease itself has been given a number of different names, notably either PV or tinea 
versicolor, the latter being favored in the USA. The infection is common in most parts of 
the world, but more particularly in the tropics and subtropics, where it may affect a high 
proportion of the normal population. Generally asymptomatic, it is usually noticed by patients 
because of the obvious discoloration of the skin from which it derives its name – versicolor.

6.1.2  
Epidemiology

PV is undoubtedly one of the commonest of the superficial mycoses. The epidemiology 
of the disease is poorly understood because only a few large studies that provide sufficient 
resolution have been documented, providing detailed figures on the prevalence of the skin 
disease. The prevalence is high in regions with hot and humid climates, and here, more 
than 15% of the population may be affected. In a recent paper, the overall prevalence of 
PV was found to be 15.52% in a fishing community in Venezuela [1]. In Malawi, this 
figure was calculated to be about 8% in a large unselected population [2] examined clini-
cally for signs of skin disease. PV is much more common in certain age groups. Most 
studies have shown that it is commonest in children, adolescents and young adults in the 
tropics; it has also been found to be commoner in young women. For instance, in a recent 
study of over 800 Tanzanian school children, 26% had PV [3]. PV can also occur in 
infants under 1 year of age [4]. The disease is assumed to be more common in patients 
with pigmented skin, although this may be due to the higher chance of detection follow-
ing pigmentary change.

This prevalence figure is usually much lower in temperate climates, although only a 
few studies are available. In a survey carried out in the USA between 1971 and 1974, PV 
was found in 0.8% of 28,000 persons [5]. In Sweden, the prevalence of PV was 1.1% 
among 20,296 people attending a general hospital in 1979 [6]. A subsequent study of 
3,302 people, also carried out in Sweden in 1983, diagnosed PV in 0.5% of males and 
0.3% of females [7]. Recently, a study on a representative sample of 1,024 young Italian 
sailors, found a 2.1% prevalence of PV. There was no association between the disease and 
sport practice, swimming or hyperhidrosis; the only significant association was a previ-
ous clinical history of PV, which supports the hypothesis that constitutional factors play 
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a major role in the pathogenesis of the condition [8]. In comparison with other superficial 
mycoses, PV represents a high percentage of the total number of cases of dermatomyco-
ses. In a recent study performed in a large hospital in Venezuela, PV accounted for 28.5% 
of all dermatomycoses [9], almost the same percentage as that found in the same year in 
Libya by Ellabib et al. (27.8%) [10]. In studies carried out in the Dermatology Departments 
of two University Hospitals in Southern Spain, PV only represented 10% of the total 
amount of dermatomycoses, though it is likely that the real frequency of the disease is 
much higher, because it is usually easily diagnosed by the general practitioners, and 
therefore only a small number of patients are referred to dermatologists (Crespo Erchiga 
and Delgado, unpublished data).

The disease occurs generally in otherwise healthy adult individuals. A number of factors 
influencing the appearing of PV have been described, but the cause or causes of the change 
of the Malassezia species from the saprophytic or yeast state to the parasitic or mycelial 
state remain unclear. To some extent, genetic factors may play a role, as the disease occurs 
more frequently among first-degree family members [11]. A positive family history among 
relatives is found more often than by chance, thus suggesting that there may be an inherited 
predisposition to acquire PV, but whether this is caused by a genetically determined host 
susceptibility factor, or by a greater susceptibility for heavy colonization by Malassezia 
species, is at present unknown. In a recent study from China, 21.1% patients had a positive 
family history of PV. There was also a higher rate of recurrence and longer duration in the 
patients with a positive family history. The heritability of PV in first-, second- and third- 
degree relatives was estimated to be 48.13, 40.11 and 27.20%, respectively [12].

There are also reports on the role of other factors, such as the use of oral anticoagulants 
[13] or hyperhidrosis [14], though this has not been confirmed by more recent studies [8]. 
Other endogenous factors, such as the use of systemic corticosteroids or immunosuppres-
sive drugs may play a role as well [15]. For instance, two cases with particularly extensive 
PV in patients under treatment with anti-TNF drugs (etanercept) have recently been 
observed (Crespo, unpublished data ), and neither patient reported a previous episode of 
the disease. Its relationship with other forms of therapeutic immunosuppression is less 
clear, but both cyclosporine and azathioprine have been reported as independent risk fac-
tors for PV in solid organ transplant patients [16]. It is also not clear whether PV is linked 
with other commonly used immunosuppressive agents, such as tacrolimus. Yet in terms of 
mechanism, the association with drugs that affect the function of T-lymphocyte mediated 
pathways suggest that reduced levels of T-cell function is one factor in the development of 
the disease. PV, however, has not been associated with other diseases in which CD4 lym-
phocyte immunosuppression is prominent, such as HIV-infection/AIDS. PV is not associ-
ated with pregnancy nor with diabetes mellitus.

Studies of the epidemiology of Malassezia yeasts on the skin have shown that in nor-
mal individuals there is an increased chance of hyphal formation in patients from tropical 
areas even without the presence of overt PV. Thus hyphal formation per sé does not indi-
cate the presence of the disease, although it is possible that patients who show this change 
will develop PV (Deesi and G. Midgley, unpublished data). Similarly, hyphal transforma-
tion has been observed to occur in patients after renal transplantation when high doses of 
immunosuppressive drugs are administered [17]. Exposure to ultraviolet irradiation on 
sunbeds producing either low or high UVB emissions showed a reduction of yeast counts 
in users of both forms of sunbed [18].
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The immunological responses in PV are difficult to interpretate, as different authors 
reported different or equivocal results [19]. Altogether, it seems likely that the pathogen-
esis of PV is dominated by local nonimmunological factors, such as high temperature and 
humidity, the occlusive role of clothes, and minor changes in the chemical composition of 
sebum. These factors are thought to influence a change in the morphological state of the 
yeasts that are usually present on healthy skin, into the parasitic form. One study showed 
that significantly more extractable skin surface amino acids, a shorter alkali neutralization 
time and reduced water spreading occurred in PV patients when compared to controls 
[20]. Likewise, Malassezia species require certain lipids as nutrients, such as myristate or 
palmitate, but as yet there is no evidence that inhibitory lipids or changes in lipid concen-
tration occur that triggers PV in certain individuals. Higher yeast counts on lesional than 
nonlesional skin suggest though that local triggers are present to cause proliferation of 
Malassezia yeasts in PV.

The pathogenesis of depigmentation in the hypopigmented or white form of the disease 
(PV alba) also remains to be elucidated. Some authors have indicated a role for fungal 
metabolites that have a toxic effect on melanocytes. Examples of such possible toxins 
include dicarboxylic acids [21] and lipoperoxidase [22].

Recently, a trytophan-dependent metabolite of M. furfur has been described which, under 
UV light, exhibits yellow–green fluorescence. Among the tryptophan metabolites, a potent 
broad spectrum UV effect is shown by the lipophilic substances pityriacitrine and pityrialac-
tone. A light-screening effect of these compounds might explain the absence of pigmentation 
in exposed areas in patients with PV [23]. However, pigment production was seen only 
amongst strains of M. furfur and some strains of M. pachydermatis, and recent epidemiologi-
cal studies have shown that both species are not very common in PV lesions [19].

6.1.3  
Etiology and Pathogenesis

In 1951, Gordon [24] was the first to propose that the rounded forms of Malassezia, which 
he referred as P. orbiculare, were the probable causative agent of PV. Since the taxonomic 
revision of 1996, a progressive number of studies have dealt with the etiology of PV from 
a new taxonomic perspective (Table 6.1).

In 1999, Crespo-Erchiga et al. [25, 26], after they carried out two parallel studies in 
Southern Spain on a limited number of PV patients, compared a similar number of samples 
from subjects with seborrhoeic dermatitis (SD) and from healthy skin, and showed, for the 
first time, that M. globosa was the predominant species in PV lesions (Fig. 6.1a, b).

These results were subsequently confirmed by the same authors in a study of 96 PV 
patients [27]. Most of the studies published over the following years, such as those of 
Nakabayashi et al. in Japan in 2000 [28], and Aspiroz et al. in Zaragoza (Spain) in 2002 [6], 
supported these results. Specifically in the last work, the percentages obtained for M. glo-
bosa and M. sympodialis were almost the same as those published by Crespo-Erchiga et al. 
in the above-mentioned studies. Aspiroz et al. also showed the presence of higher enzyme 
production, especially of lipases and esterases, in strains of M. globosa compared to other 
Malassezia species, a fact that may be a reason for an enhanced level of pathogenicity in 



1796 Pityriasis Versicolor and Other Malassezia Skin Diseases 

Ta
bl

e 
6.

1 
Pi

ty
ria

si
s v

er
si

co
lo

r: 
ep

id
em

io
lo

gi
ca

l s
tu

di
es

 si
nc

e 
19

96

Pa
tie

nt
 n

um
be

rs
M

. g
lo

bo
sa

a
M

. s
ym

po
di

al
is

a
M

. r
es

tr
ic

ta
a

M
. s

lo
of

fia
ea

M
. f

ur
fu

ra
M

. o
bt

us
aa

M
ed

iu
m

b
Ye

ar
R

ef
s

 7
5

87
34

3
8

–
–

D
ix

on
19

99
[2

6]

 2
2

55
9

–
5

5
–

D
ix

on
20

00
[2

8]

 9
6

97
32

–
7

–
–

D
ix

on
20

00
[2

7]

11
1

25
59

1
1

11
–

LN
A

20
01

[2
9]

 7
9

90
40

.5
–

1
–

–
LN

A
20

02
[6

]

25
0

63
.6

4.
8

–
–

34
–

D
ix

on
20

02
[3

1]

 
3

10
0

–
–

–
–

–
PC

R
20

02
[3

5]

 1
1

47
27

13
–

13
–

D
ix

on
20

03
[3

0]

 9
4

53
.3

9.
3

–
4

25
.3

8.
1

D
ix

on
20

04
[3

2]

 6
5

24
–

–
26

.8
70

.7
–

U
nk

no
w

n
20

04
[4

0]

22
2

65
5

–
–

13
–

D
ix

on
, P

C
R

20
04

[3
3]

15
0

5.
3

4.
6

–
5.

3
42

0.
6

D
ix

on
20

05
[4

1]

 9
5

2
11

.4
–

–
77

.8
8.

3
D

ix
on

20
06

[4
2]

10
0

97
34

1
3

2
–

D
ix

on
20

06
[3

7]

 7
1

90
3–

4
–

3–
4

3–
4

–
D

ix
on

20
06

[3
5]

 9
0

63
14

–
4

10
8

D
ix

on
20

07
[3

6]

a E
xp

re
ss

ed
 in

 %
b D

ix
on

 o
r 

L
ee

m
in

g 
an

d 
N

ot
m

an
 (

L
N

A
) 

ag
ar

P
C

R
 p

ol
ym

er
as

e 
ch

ai
n 

re
ac

tio
n



180 V. Crespo Erchiga and R. J. Hay

human skin associated with this species. This observation provided support for a role of 
these potential virulence factors in the etiology of PV. The only study that showed different 
results was that of Gupta et al. [29] in Canada, where the predominant species involved in 
PV was found to be M. sympodialis, but it is important to note that the methodology and the 
culture medium used in this work was different from the other studies mentioned.

Hernandez et al., [30] found also that M.globosa was the predominant species in con-
ventional cultures of PV samples from Mexico. Similar results were published by three 
other authors, namely Dutta et al. from India [31] who isolated M. globosa in 63.6% of 
cases, Tarazooie et al. [32] from Iran with this species occurring in 53.3% of cases, and 
Makni et al. [33] in Tunisia, who confirmed the predominance of M. globosa observed in 
Dixon medium cultures (65%) by means of molecular techniques [34]. In 2006, Gaitanis 
et al. [35] reported on the isolation of Malassezia spp. in patients with PV and SD using 
Dixon medium. From PV, they isolated M. globosa in 90% of cases, either alone (77%) 
or/and associated with M. sympodialis, M. furfur or M. slooffiae (13%). As these other 

a

b

Fig. 6.1 (a) Culture of PV in 
mDixon medium showing 
abundant colonies of 
Malassezia globosa. (b) 
Typical spherical yeasts of 
Malassezia globosa in 
culture. Lactophenol cotton 
blue, ×1,000 magnification
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species were isolated alone in less than 10% of cases, the authors did not record their 
respective percentages. Finally, in 2007, a study by Prohic et al. [36], carried out in 
Bosnia-Herzegovina, identified M. globosa as the main species in PV lesions (63%). 
Crespo-Erchiga and Delgado [37] analyzed 100 samples from PV patients from three dif-
ferent main Hospitals in Southern Spain that showed similar results, with M. globosa 
isolated in 97% of cases, followed by M. sympodialis (34%), M. slooffiae (3%), M. furfur 
(2%) and M. restricta (1%). Yeasts morphologically identical to those of M. globosa, but 
with pseudomycelium, were observed by direct microscopy in 98% of cases. Nakabayashi 
[38] used PCR identification of Malassezia in PV samples and found that M. globosa was 
the most commonly detected species (97%), followed by M. restricta (79%) and M. sym-
podialis (68%). Gaitanis et al. [39] used a DNA–PCR procedure that was applicable to 
lesional skin scales, and detected and identified only M. globosa from PV lesions.

In contrast, other studies, mainly carried out in areas with tropical or subtropical cli-
mates, showed a predominance of M. furfur in PV lesions. The first study was performed 
in Madagascar [40] in 2004, the second one in Panama [41], and the last one in Brazil [42]. 
In all three studies M. furfur was isolated as the predominant species, with respective per-
centages of 70.7, 42, and 77.8%. This last result support the hypothesis proposed 80 years 
ago by early investigators, such as Panja [43] or Castellani [44] and later by Midgley [45] 
and by Crespo-Erchiga and Delgado [19], that species different from M. globosa, which is 
mainly observed in Northern countries, might predominate in PV in other climates. 
Although more studies are necessary to either confirm or reject this hypothesis, there are 
other mycosis in which more than one species can be involved, such as chromoblastomy-
cosis, where the same cutaneous lesions can be caused by at least three different fungi, 
namely Fonsecaea pedrosoi, Phialophora verrucosa and Cladophialophora carrionii, 
with a different geographical distribution. The clinical features of PV associated with 
yeasts seen on microscopy are described below.

In conclusion, the available data suggest that M. globosa, which is always present in its 
yeast state in healthy adult skin together with other Malassezia species, produces the clini-
cal lesions of PV after developing into the mycelial state. The conditions that induce this 
transformation remain unclear, but it seems to be triggered mainly by changes in local 
conditions, such as heat, humidity, and sebum composition, but on an idiosyncratic basis. 
The possibility of the existence of more virulent strains of M. globosa should also be con-
sidered. Finally, the predominance of M. furfur, the sole other species that is able to develop 
pseudohyphae in vitro, in PV in some studies from tropical regions may lead to the concept 
of PV as a mycosis that can be caused by more than one fungal pathogen, depending on 
geographical distribution. This latter hypothesis, however, needs to be confirmed.

6.1.4  
Clinical Presentation

PV usually presents with lightly scaling hypo- or hyperpigmented macules on the trunk, 
neck or face [19, 46] (Fig. 6.2a, b). The sites of involvement are normally most promi-
nent in these areas, but it may also affect the proximal parts of the limbs, mainly the 
arms, and the scalp may also be affected. More widespread forms are also found. 
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Associated itching and irritation generally is minimal. Within these broad parameters, 
different forms of infection exist, sometimes with showing more erythema and less pig-
mentary change, and vice versa. With time, adjacent macules coalesce to produce large 
areas of pigmentary change and scaling. The scaling is often difficult to detect unless the 
skin is gently scratched. Often this also elicits a flare reaction. Patients who are immu-
nosuppressed are more likely to have the erythematous forms in temperate areas 
(Fig. 6.3) and, similarly, these appear more common in familiar cases of infection with-
out a clear history of sun exposure.

Most patients present with disease of gradual onset, which is scarcely noticed until the 
discoloration is more prominent. It is not clear why in some patients hyper pigmented 
changes develop, whereas in others these are hypopigmented. More extensive forms, usu-
ally hypopigmented, with a distribution affecting body sites, such as the face, neck and 

a b

Fig. 6.2 Pityriasis versicolor. (a) Patient showing hyperpigmented lesions. (b) Patient showing 
hypopigmented lesions

Fig. 6.3 Pityriasis versicolor. 
The erythematous form in a 
renal transplant recipient
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arms as well as trunk, are often seen in the tropics, an observation that prompted Castellani 
to refer to the tropical form of PV as a distinct entity [44].

In addition, there are some distinctive and different variants of PV. One form is a type more 
often seen on the proximal limbs and below the waist area (Fig. 6.4). In Venezuela this 
accounted for about 13% of cases [47]. Typically scraping the lesions reveals ovoid yeast 
forms without hyphal formation rather than the usually observed round and hyphal forms [45]. 
This variant is seen more often in slightly older patients; in the above study the mean age of 
affected individuals was 40. The modern genetic typing of this condition has not been carried 
out so it is not clear which of the Malassezia yeasts is responsible for this type of infection or 
if this relates to the predominance of M. furfur as noted in some tropical surveys.

A second unusual form is a variety where lesions develop significant degrees of atro-
phy, sometimes resembling a form of anetoderma [48]. Here, there is clear loss of dermal 
substance with lesions appearing depressed in relation to the surrounding skin surface. 
These forms usually show the normal pattern of surface colonization with round yeasts and 
stubby hyphae; but there is usually less scaling or obvious pigmentary change. There is a 
variable degree of epidermal and dermal atrophy with reduction of the rete-ridges, subepi-
dermal fibroplasia, pigment incontinence and degeneration of elastin fibers [48]. The cause 
is not clear and it is thought to be the end product of an inflammatory reaction leading to 
elastin degeneration, although similar changes are not seen with other fungi.

6.1.5  
Differential Diagnosis

The differential diagnosis of PV includes a number of both common and rare conditions 
[19,49]. Usually in vitiligo there is much more severe hypopigmentation and no scales, 
with a stark cut off between hypopigmented and normally pigmented areas and pigment 
loss is generally total. There are also islets of pigmentation around hair follicles in vitiligo. 
PV occurs more prominent on certain body areas, such as the face and hands. In hot cli-
mates idiopathic guttate hypomelanosis needs to be distinguished, but here the hypopig-
mented areas are scattered in a tear drop fashion and do not become confluent. They occur 
also widely scattered on the trunk and limbs, and in these conditions scaling is absent.

Fig. 6.4 Pityriasis 
versicolor. An atypical form 
affecting the groin area. 
Oval shaped yeasts 
predominate in direct 
microscopy.
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Chloasma (melasma) on the face should also be considered. Here, the patches of hyper-
pigmentation are often irregular and prominent over light exposed areas. There is also no 
scaling. Other differentials include hypo - or hyperpigmented mycoses fungoides, pityri-
asis alba, pityriasis rotunda or pityriasis rosea. The atypical forms on the lower abdomen 
area may appear like erythrasma, but the pronounced erythema and confluence of the latter 
is typical. However, both erythrasma and PV may co-exist.

Tinea corporis, secondary syphilis, SD and the rare dermatosis called confluent and 
reticulate papillomatosis may also be confused with PV. The last two entities are also 
related to Malassezia species, and by direct microscopy, abundant yeasts can be observed 
in the scales, although always without hyphae, a feature that differentiates the doubtful 
cases.

6.1.6  
Mycological Diagnosis

In most cases, the clinical diagnosis of PV is easy to confirm by an experienced dermatolo-
gist or laboratory technician using laboratory methods. Scrapings are generally taken with 
a scalpel, those with a solid blade/handle being the most useful. However, other methods 
have been used in the past, such a sellotape stripping or the use of acrylic glues. The mate-
rials obtained in this way are mounted directly on glass slides for microscopical investiga-
tion, usually using special stains that highlight the organisms (see below).

The diagnosis, however, should always be confirmed by direct examination with KOH 
and demonstration of pseudohyphae and blastoconidia in the typical “spaghetti and meat-
balls” pattern. The 10–20% KOH formulation can be improved by adding an equal part of 
Parker ink (permanent blue or black), which quickly stains the fungi in an easily visible 
blue color (Fig. 6.5) (even with the black ink). Some authors prefer the use of calcofluor 
white, which gives good results but it is necessary to examine the sample with an ultravio-
let fluorescence microscope.

Fig. 6.5 Direct microscopy of 
PV. Note the presence of 
globose yeasts and 
pseudohyphae. KOH + black 
Parker ink, ×1,000 
magnification
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Also the Wood´s light can be used to confirm the diagnosis, especially to detect sub-
clinical patches of PV, but the yellow-green fluorescence visible using this method is posi-
tive in about one third of the cases only. This could be due to an infection by nonfluorescent 
species, as only M. furfur seems to produce fluorochromes [50]. Use of Wood’s light 
depends critically on having darkness in the surrounding room, and with older equipment, 
it is important that the machine is warmed up before use as otherwise the intensity of the 
light produced is insufficient. Care should be taken to protect the patient’s eyes, when the 
face is being irradiated with the light source.

Skin biopsy is rarely necessary for the diagnosis of PV, although the yeasts and hyphae 
present in the stratum corneum can be stained by Periodic acid-Schiff or methenamine 
silver. Similarly, culture is not necessary for routine diagnosis, but is indispensable in 
order to recognize the species involved in the disease, as well as those present in the nor-
mal skin microbiota. Malassezia yeasts are fastidious in their requirements for culture 
and, except M. pachydermatis, none of the other species grows in routine mycological 
media, like Sabouraud agar. The media used by most investigators in the field are Leeming 
and Notman’s agar (LNA) and the modified Dixon agar (mDA). Colonies develop in 3–4 
days and their macro and micromorphology are described in specialized papers [51, 52] 
(see also Chap. 2.1).

6.1.7  
Treatment

Treatment of PV is generally straightforward. The main difficulty may be when the rash 
is very extensive [49, 53]. As PV may involve large areas of the trunk, ideally treatment 
should be easy to apply or, if oral, safe and of short duration. Most of the creams available 
for the management of PV are easy to apply and effective, but inappropriate treatments 
are still given at the primary care level. Whatever the treatment used, assessment of the 
extent of cure can be difficult as the organisms remain on the skin surface for a few weeks 
after cell death, and pigmentary changes remain after the cure of the infection and only 
resolve slowly over the following weeks. This is especially seen with PV associated with 
hypopigmentation.

Earlier treatments used for PV were 2.5 % selenium sulfide or 20% sodium hyposulphite 
given for 2–4 weeks [46]. An alternative is a mixture of one volume propylene glycol in one 
volume water [54]. This has also been used intermittently as long-term suppressive therapy 
to prevent relapse. These medications are well tolerated, although selenium sulfide occasion-
ally stings or causes skin irritation. The effects of shorter treatment periods have not been 
studied. Nowadays, treatment usually depends on the use of azole antifungal preparations. 
All the imidazoles that have been tested were found to be effective. These include micon-
azole, econazole, clotrimazole, bifonazole, ketoconazole, sulconazole and tioconazole [55–
58]. The antifungals are available as creams, lotions, gels, powders and shampoos. Adequate 
spreading of the applied topical agent is important to treat all diseased areas of the patients. 
Ketoconazole has the advantage that it is available as a shampoo, which is often used in this 
condition. Clinical trials have shown reasonable efficacy for this topical approach. Econazole 
shampoo is available in some areas. Generally, clinical trials have used 2–4 week periods of 
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treatment. Evidence exists that shorter periods of application of ketoconazole shampoo are 
effective as well. Cyclopirox, which also has a shampoo formulation, and terbinafine are 
topically active against PV. Other agents, including calcineurin antagonists, such as tacroli-
mus or pimecrolimus, show in vitro efficacy against Malassezia yeasts [59]. Oral treatments 
that are effective against Malassezia include ketoconazole, itraconazole and fluconazole. 
Originally ketoconazole (200 mg ) was used as a 7-day treatment, but it has been proposed 
to be used as a single dose treatment of 400 mg. Doubts remain whether this will be effective 
in tropical or hot environments [60,61], but short term treatments are possible.

The optimal treatment dose for itraconazole is 800–1,000 mg i.e., 4–5 days of 200 mg 
[62]. Studies of itraconazole were the first to point out the lag phase between apparent 
demise of the organisms as seen in electromicroscopy and their disappearance from the 
skin surface [63]. M. globosa has a thick cell wall, and cell ghosts with degeneration of the 
cytoplasm remain on the skin surface when the organism is not viable anymore. Shorter 
periods of treatment with itraconazole are not as effective, but have been shown to produce 
responses in some studies [64]. Fluconazole can be used, although it is generally given for 
5–7 days. There is evidence that a single dose of fluconazole (200 mg) can produce signifi-
cant cure rates, viz., 65% in one study with relapse rates of 35% [65], and that this may be 
more effective than a single dose of itraconazole [66].

Amongst the newer agents, no clinical data are available for voriconazole, albaconazole 
and posaconazole, although they appear to be active in vitro [67, 68]. Studies with prami-
conazole in PV have shown that it is clinically effective, and Malassezia spp. are suscep-
tible in vitro [69]. At the time of writing, this agent is not licensed for clinical use. Oral 
terbinafine does not achieve sufficient drug levels in the stratum corneum to destroy 
Malassezia although it is active topically.

6.1.8  
Relapse and Prevention

As relapse is very common, particularly in patients living in the tropics, studies of the use 
of prophylactic treatment with propylene glycol in water have shown that this can be used 
to prevent relapses [54]. Others have tried periodically applied ketoconazole shampoo, but 
there is no clinical trial data on the latter approach.

6.2  
Association with Other Skin Diseases

6.2.1  
Malassezia (Pityrosporum) Folliculitis

Malassezia folliculitis (MF) is a benign disorder, characterized by follicular papules and 
pustules localized predominantly on the back and chest and upper arms. The typical 
lesion is described as a molluscoid, dome-shaped comedonal, papule, about 2–3 mm in 
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diameter. In severe cases, pustules, nodules and cysts can be present [15] (Fig. 6.6a). The 
condition is probably common, but often misdiagnosed as acne [70]. Pruritus and the 
absence of comedones and facial lesions allow one to distinguish both diseases, although 
pruritus may be minimal or absent in immunocompromised patients. MF is more frequent 
in tropical countries and during the summer in temperate regions. Occlusion seems to 
play an important role in this disorder [71], which has also been associated with antibiotic 
treatment (tetracyclines), corticosteroids and immunosuppression due to organ transplan-
tation [72] and in Hodgkin disease [73]. In this last case, M. globosa was isolated in pure 
culture. A minor epidemic outbreak has been recently reported in an intensive care unit 
[74], and in heart transplant recipients receiving immunosuppressive treatment, 11 cases 
were described during a 4-month period (among 198 cardiac transplants) [75].

Circulating IgG antibodies against P. ovale are present in high titers [76]. Faergemann 
suggested that MF could be explained by an overgrowth of Malassezia in the follicle, and 
the inflammatory changes being due to products released, such as free fatty acids, and the 
complement-inducing activity of the yeast [77].

a

b

Fig. 6.6 (a) Malassezia 
folliculitis. (b) 
Histopathology of 
Malassezia folliculitis 
showing globose yeasts and 
pseudohyphae. PAS ×1,000 
magnification
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Direct microscopy of pustules shows the presence of abundant Malassezia yeasts in the 
pilosebaceous follicles, in the absence of other microorganisms. In a study published in 
1985 [78], round yeast forms (cited as P. orbiculare) were observed and cultured in most 
of the cases. This suggests that, as in PV, M. globosa could be the predominant causative 
agent. In some of the heart transplant recipients referred to above, the culture was identi-
fied as either M. furfur or M. pachydermatis, but these authors did not apply the new 
Malassezia nomenclature [75]. In any case, colonization of hair follicles by Malassezia 
yeasts is not abnormal, and can be seen in acne vulgaris lesions, but here it is often mixed 
with staphylococci and propionibacteria.

The histological pattern of MF shows dilated hair follicles often full of keratinous mate-
rial, with numerous budding yeasts that can be localized by staining with periodic acid-
Schiff or methenamine silver techniques (Fig. 6.6b). In our experience, the yeasts observed 
in the biopsy of our patients were predominantly or exclusively of the globose type, sup-
porting the hypothesis, expressed above, that M. globosa is likely to be the main species in 
the development of MF. Around the follicle, which usually shows a focal rupture of the 
follicular epithelium, an inflammatory infiltrate of lymphocytes, histiocytes and neutro-
phils can be observed in most cases [79, 80]. The diagnosis of MF is confirmed indirectly 
by the response, often dramatic, to appropriate antifungal therapy. Topical treatment is 
effective in some cases, but most need oral ketoconazole [71], itraconazole or fluconazole. 
Relapses are very common [70].

6.2.2  
Confluent and Reticulate Papillomatosis of Gougerot-Carteaud

The role of Malassezia spp. in this rare cutaneous disorder, characterized by confluent 
hyperkeratotic papules, which have grayish-brown pigmentation and are often located 
symmetrically on the trunk (Fig. 6.7a), is controversial, and is based on the presence, in a 
number of cases, of lipophilic yeasts in the stratum corneum observed by direct micros-
copy and histopathology (Fig. 6.7b), and on the favorable response to topical or systemic 
antifungal therapy. In 1969, Roberts and Lachapelle [81] suggested that confluent and 
reticulate papillomatosis could represent a peculiar host reaction to heavy colonization by 
P. orbiculare. However, in the series reviewed by Nordby and Mitchell [82], only 5 out of 
19 patients responded to topical treatment with selenium sulfide, and there are reports 
describing the complete recovery of the disease using minocycline [83], or retinoids [84], 
or azithromycin [85]. Furthermore, two cases were successfully treated with topical vita-
min D analogs, either calcipotriol [86] or tacalcitol [87].

Out of three cases, M. furfur was isolated from one and M. sympodialis from the other 
two. In all cases, direct microscopy showed the presence of abundant yeast cells that were 
globose and oval in shape, but without pseudohyphae (V. Crespo Erchiga, unpublished 
data). It must be pointed out that, due to the hyperkeratotic nature of the lesions, the yeasts 
could be observed only after prolonged digestion with potassium hydroxide. Only one of 
the patients, with lesions on the upper trunk, was cleared completely after treatment with 
oral itraconazole and topical selenium sulfide.

Recently, Stein et al. [88] described three teenage siblings with confluent and reticu-
lated papillomatosis, two of them having tinea versicolor prior to, or in association with, 
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papillomatosis. The pityriasis cleared with antifungal medication, but the papillomatosis 
did not, and this was treated successfully with minocycline. The authors suggested that 
these cases support the hypothesis of an aetiological relationship between both diseases, 
and that there may also be a familial predisposition to their development.

In conclusion, it is possible that this rare dermatological disease represents more than 
one pathological condition, and that Malassezia yeasts are involved in the pathogenesis of 
only some cases, perhaps those with a clinical pattern similar to that of PV. It could also be 
a basic disorder of keratinisation, determined by an abnormal response to Malassezia 
yeasts, or to bacteria or their products.

6.2.3  
Neonatal Cephalic Pustulosis

Common neonatal cephalic pustulosis is a benign entity, formerly named neonatal acne, 
which is frequently identified in neonates. The incidence was estimated to be 10% by 

Fig. 6.7 (a) Confluent and 
reticulate papillomatosis. (b) 
Globose Malassezia yeasts 
in the stratum corneum in a 
case of confluent and 
reticulate papillomatosis. 
PAS ×1,000 magnification

b

a
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Rapelanoro et al. [89], and 3% in hospitalized infants by Niamba et al. [90]. The disease is 
characterized by nonfollicular papulopustules located on face and neck of newborn infants 
(Fig. 6.8). Aractigni et al. [91] proposed in 1991, that it represents an inflammatory reac-
tion to colonization by Malassezia yeasts. In 1996, Rapelanoro et al. [89] proposed as 
diagnostic criteria, the age of onset, cephalic localization, positive direct microscopy 
examination for Malassezia, absence of other causes of neonatal pustulosis, and response 
to topical ketoconazole therapy. These authors assumed that this condition could have 
been misdiagnosed as neonatal acne. Later on, another report by Pont et al. [92] described 
the presence of M. furfur in the lesions, while two more recent studies by Niamba et al. in 
1998 [90] and Bernier et al. in 2000 [93], suggested that M. sympodialis could be the trig-
gering agent of this rash.

The saprophytic role of these yeasts in the skin of healthy adults and children makes the 
causative role of Malassezia spp. in this disease, a matter of discussion. It is well known 
that the degree of Malassezia colonization increases with age. Koseki and Takahasi [94] 
found Malassezia in 50% of healthy newborns, and in 80% of infants after 7 days of life. 
Borderon et al. [95] found Malassezia in 13, 30 and 77% of premature neonates younger 
than 15, 16–30 days and 31–90 days, respectively. In a recent study by Niamba et al. [90], 
progressive skin colonization by Malassezia was found to be correlated with age, begin-
ning after 2 weeks of age, and yet, the mean age of onset of cephalic pustulosis was 12 
days. Ayhan et al. in 2007 [96] found no correlation between the severity of the disease and 
the isolation of Malassezia yeasts. Skin colonization of patients with neonatal cephalic 
pustulosis was not higher than colonization of healthy newborns. The authors concluded 
that Malassezia is neither a direct causative factor in neonatal cephalic pustulosis, nor is 
Malassezia colonization related to the development or clinical stage of the disease. More 
extensive studies are needed to establish a possible role of Malassezia yeasts in this clini-
cal entity. Up to now, Malassezia spp. may only be one of a number of factors causing 
neonatal cephalic pustulosis.

Fig. 6.8 Neonatal 
cephalic pustulosis
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6.2.4  
Otitis

Recently, Chai et al. in Australia [97] described a case of malignant otitis externa caused 
by M. sympodialis. The patient, a man with a poorly controlled type II diabetes mellitus, 
developed a severe infection, which started with erythema and cellulitis around the exter-
nal auditory canal, and progressed to marked destruction of the temporal bone and the 
formation of an adjacent large soft tissue mass below the skull base. The infection showed 
total resolution after therapy with intravenous amphotericin B and fluconazole.

In contrast to the rarity of this disease in humans, ear infections due to M. pachyderma-
tis are common in animals, particularly in dogs [98]. Some cases have recently been 
reported in which M. furfur and M. obtusa were isolated [99], and in cats, the disease was 
found to be associated with M. sympodialis [100].

6.2.5  
Onychomycosis

A few cases of onychomycosis involving Malassezia species have been reported [101–103]. 
The presence of Malassezia yeasts in nail material, a well known, though infrequent finding, 
is probably caused by subungual colonization by members of the cutaneous microbiota, 
which makes the relevance of such cases uncertain. Malassezia yeasts of the oval form have 
been observed occasionally in patients with distal fingernail onycholysis, and were found to 
be associated with Candida spp. (V. Crespo Erchiga, personal observation). M. furfur was 
identified from an AIDS patient with infected nails (E. Guého, unpublished result) and in a 
series of patients with onychomycosis in Brazil [103]. This species is also able to form hair 
nodules, [104], and in this case the identification was confirmed by E. Guého. M. furfur 
seems to be the only Malassezia species able to survive in such unusual conditions. Nails are 
not a good source of lipids, and so, there is little probability that Malassezia could really 
infect them.

A role of Malassezia yeasts, as opportunistic agents of onychomycosis, cannot, how-
ever, be ruled out completely. Recently, Ertam et al. [105] reported a case of onychomyco-
sis in an immunosuppressed liver transplant recipient. Abundant Malassezia yeasts were 
seen by direct microscopy, and M. furfur was isolated in the absence of Candida yeasts or 
dermatophytes. Complete resolution was achieved after topical therapy with cyclopirox-
olamine nail solution. Likewise, Chowdhary [106] reported a case of a child, with the 
clinical features of onychomycosis and histopathological evidence of invasion by typical 
Malassezia yeasts on three occasions, and that responded to oral ketoconazole.

6.2.6  
Balanitis

PV is occasionally found on the penile skin [107–109]. It is characterized by fine scaling 
macules either slightly erythematous or hypopigmented. The depigmentation, more visible 
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in black patients, must be differentiated from vitiligo, which is an alternative cause of depig-
mentation in the anogenital region. The diagnosis is easy as, like in PV, direct microscopy 
shows the typical presence of Malassezia yeasts and pseudohyphae. A recent study by 
Mayser et al. [110] showed asymptomatic colonization of the glans penis by Malassezia 
spp., predominantly M. sympodialis and M. globosa, in more than 49% of adult men. In 
contrast, Malassezia yeasts were not found in vaginal smears. The authors suggest that 
Malassezia yeasts belong to the resident microflora of the male genital region, especially in 
the prepuce and the glans penis, where sebaceous glands, i.e., Tyson glands occur abun-
dantly. These results were confirmed in another study carried out in circumcised adult men 
by Aridogan et al. [111], but here the incidence of Malassezia colonization was much lower 
(7%). The most common species was M. furfur, followed by M. globosa, M. obtusa and M. 
slooffiae, while M. sympodialis was not isolated. In a similar study by Iskit et al. [112], 
Malassezia colonization was demonstrated in 18% of circumcised and 43% of uncircum-
cised children. The predominant species in this report was M. globosa, followed by M. 
furfur and M. slooffiae. These yeasts could be involved in some forms of unspecific balani-
tis, SD or psoriasis. Mayser recommended the use of lipid-containing media in cases of 
recurrent, unspecific balanitis, where other infectious agents like Candida have been 
excluded. One case of chronic, mild balanitis, with negative culture for Candida spp., and 
where the presence of abundant M. globosa yeasts, but without hyphae, was observed by 
direct microscopy, was cured after treatment with clotrimazole cream (Crespo-Erchiga, per-
sonal observation) (Fig. 6.9).

6.2.7  
Keratitis

Recently, Suzuki et al. [113] reported a case of keratitis caused by M. restricta. The species 
identification was made by a PCR technique. The corneal ulcer disappeared after treatment 

Fig. 6.9 Direct microscopy in 
a case of balanitis showing 
abundant globose yeasts. 
KOH + Parker blue ink 
×1,000 magnification
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with topical pimaricin and miconazole ointment and oral itraconazole. The clinical find-
ings resembled keratitis caused by filamentous fungi.

6.2.8  
Psoriasis

The role of Malassezia yeasts in psoriasis is still undetermined. Historically, Rivolta made 
the first association of lipophilic yeasts with psoriasis in 1873 [114]. He reported on the 
presence of round budding cells in the epidermis of a patient with psoriasis, and named the 
fungus, Cryptococcus psoriasis.

In recent years, several reports have associated lipophilic yeasts with the development of 
skin lesions in psoriasis, especially when it involves the scalp region. Lober et al. [115] 
were able to induce psoriasis-like lesions in ten patients with psoriasis and ten controls, by 
using patch tests with Malassezia. Their hypothesis was that psoriasis was produced through 
activation of the alternative pathway of complement. Rosenberg et al. [116] and Farr et al. 
[117] reported the improvement of scalp psoriasis with oral and topical ketoconazole ther-
apy. Also Rosenberg et al. [118] described the association between scalp psoriasis and the 
presence of oval yeasts that could possibly correspond to M. restricta. Elewski [119] 
reported, the development of guttate psoriasis in sites of MF during erythromycin therapy, 
and that the lesions cleared after further therapy with ketoconazole. Recently, a case of gut-
tate psoriasis associated with PV alba has been published by Narang et al. [120]. In this 
case, direct microscopy of PV lesions showed the typical “spaghetti and meatballs” appear-
ance, and the skin biopsy from psoriatic lesions revealed evidence of both fungal elements 
and psoriasis. Both lesions cleared after fluconazole therapy. Gupta et al. [121] observed 
that in patients with psoriasis and SD, M. globosa was the species most frequently isolated, 
with equal frequency from lesions in the scalp, forehead and trunk. A later and interesting 
study by Prohic [122] reported significant differences in the distribution of Malassezia 
yeasts between psoriatic and healthy scalp skin, and confirmed that M. globosa, in its yeast 
phase, is the predominant species (55%) in psoriatic patients, followed by M. slooffiae 
(18%) and M. restricta (10%). This last species is the commonest isolated from healthy 
scalp skin. In another analysis on the presence of Malassezia yeasts in the scales of psoriatic 
patients, Takahata et al. [123] used a real time PCR assay and concluded that M. restricta 
was the predominant species. Colonization by this yeast of the scales from all body sites 
studied, was approximately five times higher than colonization by M. globosa.

Other researchers have investigated the immune reactions of patients with psoriasis, 
showing that these individuals have immunological responses to both Malassezia yeasts 
and to proteins derived from them. It has been demonstrated that antibodies to the yeasts 
are present in serum from patients, but not from control subjects [124]. In 2002, 
Kanda et al. [125] reported that Malassezia yeasts induce Th-1 and Th-2 related cytok-
ines, chemokines and prostaglandin E2 production in peripheral blood mononuclear 
cells from patients with psoriasis. Baroni et al. [126] performed a western blot analysis 
on human keratinocytes treated or untreated with M. furfur, and on biopsies from healthy 
and psoriatic patients. They concluded that M. furfur can induce the over-production of 
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molecules involved in cell migration and hyperproliferation, thereby favoring the exac-
erbation of psoriasis.

In conclusion, there is no convincing scientific evidence of the role of Malassezia 
species in psoriasis. As with other skin diseases, further studies are needed to clarify the 
relationship between these yeasts and psoriasis in an adequate number of subjects.
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7

Core Messages

 › Malassezia yeasts are implicated in the pathogenesis of two common diseases: 
seborrheic and atopic eczema. Seborrheic eczema (SE) affects areas of the body 
with an increased density of sebaceous glands (scalp, mid eyebrow, nasolabial 
folds, sternum and interscapular regions) and body folds). M. globosa and 
M. restricta are more commonly isolated in lesional skin, but this is also true for 
the isolation rate from healthy skin. In lesions of SE, a nonimmunogenic irritant 
reaction is recognized by immunocytochemistry. SE-specific molecular subtypes 
of M. globosa, M. restricta, and M. furfur have been recognized. Production of 
potent aryl hydrocarbon receptor ligands by Malassezia yeasts could offer new 
insight in the pathogenesis of SE through modulation of the immune system. The 
persistent and recurring nature of SE is highlighted through the existence of 
multiple, but not yet curative topical and systemic therapies.
Atopic eczema (AE) has variable clinical presentation of skin lesions depending on  ›
the age of the patient. Three types of AE are recognized: “extrinsic,” “intrinsic,” 
and one-third group of patients with extrinsic or intrinsic AE showing IgE-mediated 
sensitization to self-antigens. Malassezia yeasts have been shown to act as allergens 
in AE, and thirteen allergens have been cloned, characterized, and produced as 
recombinant proteins from Malassezia species. Some of these recombinant 
allergens show a high degree of sequence identity to homologous human self 
antigens. The human proteins are capable of inducing positive skin prick and atopy 
patch tests in patients sensitized to the Malassezia proteins, indicating a role of 
IgE-mediated autoreactivity in the pathogenesis of AE in a subset of patients. The 
recombinant allergens will contribute to improve the diagnosis of sensitization to 
the yeast in AE patients. A correct patient stratification according to specific 
sensitization patterns could open novel possibilities for an immunotherapeutic 
treatment of a subset of AE patients in the future.
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7.1  
Seborrheic Eczema/Dermatitis

George Gaitanis and Peter Mayser

7.1.1  
Definition

Seborrheic eczema (SE) or seborrheic dermatitis (SD) is a skin disease that can be readily 
recognized in its typical form when it involves areas of the scalp, eyebrows, paranasal 
folds (Fig. 7.1), chest, back, armpits, and genitals that are rich in sebaceous glands [1–4]. 
Diagnosis might constitute a clinical problem when SE lesions appear on the face of 
patients with psoriasis (sebopsoriasis).

The initial description of this condition was made by Unna [5], who named it SE. The 
association of SE with Malassezia yeasts was accepted during the late nineteenth and up 
to the middle of the twentieth century. However, at that time, the observed epidermal 
hyperproliferative state of SE fostered the belief that SE is a condition with increased epi-
dermal cell turnover, such as psoriasis, and Malassezia yeasts were considered merely 
innocuous colonizers [1]. The focus on the pathogenic action of Malassezia in SE returned 

Fig. 7.1 Eczematous plaques of seborrheic 
eczema (SE) in the face and the sternum 
area in a middle-aged female patient. 
Redness and scaling is evident as well as 
postinflammatory hyperpigmentation in 
areas were the lesions have subsided 
(courtesy of Eveline Guého)
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during the 1980s as the only common property of the treatment regimens that were used to 
treat SE was their antifungal activity [6].

The gradual change in the contemporary beliefs regarding the cause of SE is depicted 
in the established reference textbook “Rook’s textbook of dermatology.” In the third edi-
tion (1979) the authors state that “many attempts have been made to relate SE to infections 
with bacteria or with Pityrosporum ovale”, but they conclude that “proof of this widely 
held hypothesis is totally lacking” [7]. Seven years later, in the fourth edition [8], enough 
evidence had accumulated. The review article by Shuster [6] analyzed with scrutinized 
analytically published data that supported an etiological association between Malassezia 
yeasts and SE. Thus, in the sixth edition of Rook’s textbook of dermatology [9], it was 
highlighted that Koch’s postulates have been fulfilled in the case of Malassezia being 
associated with SE [10]. Although in the last edition of this textbook [2], the association 
between Malassezia and SE is reconfirmed, attention is called to the considerable gap in 
the pathobiology that links the yeast with the disease state.

7.1.2  
Seborrheic Eczema Clinical Morphology

The typical morphology of SE includes greasy or yellow loosely adherent scales located in 
the scalp, retroauricular areas, nasolabial folds, presternal and interscapular regions, and 
the flexures. There are several morphological patterns, which are shown in Table 7.1 [2, 4, 
9]. SE eczema occurs commonly with an overall prevalence of 11.6% in the United States 
[3]. Moreover, 2.6% of men and 3.0% of women of a representative sample examined had 
clinically significant disease as determined by the dermatologist [3]. Some authors stated 
that SE is much more common among the elderly [11]. Forms of SE that are severe and 
resistant to treatment have been associated with neuroleptic induced Parkinson’s disease 
[12], but the pathophysiological association is poorly understood yet.

Infantile seborrheic eczema (ISE)

Scalp (cradle cup)

Trunk

Adult seborrheic eczema (ASE)

Face (may include blepharitis and conjunctivitis)

Trunk

Petaloid

Pityriasiform

Flexural

Eczematous plaques

Follicular

Generalized (may appear as erythroderma)

Table 7.1 The clinical forms of seborrheic eczema/dermatitis
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7.1.3  
Seborrheic Eczema and Malassezia

Currently available data demonstrate that the pathogenesis of SE is complex, but it could 
be explained only after Malassezia yeasts are perceived as an integral part of the skin 
homeostasis comprising the sebaceous gland and the surrounding epidermis. The ability of 
Malassezia yeasts to induce flares of SE is probably strain- and not species-specific. The 
most common species implicated in SE are M. globosa and M. restricta, followed by 
M. sympodialis, M. furfur, and M. slooffiae [13, 14]. Yet, there is evidence for the involve-
ment of certain subtypes of M. globosa, M. restricta [14], and M. furfur [15] in SE. 
M.  globosa SE associated subtypes were differentiated by intergenic spacer sequences into 
seven groups: four including M. globosa strains from SE lesions, two groups with mixed 
strains from healthy and SE skin, and a distinct group with M. globosa strains from healthy 
skin [14]. Likewise, M. restricta isolates from SE clustered in a single group while strains 
from healthy and diseased skin formed a separate cluster [14].

The implication of the immune system in SE is crucial; yet, no specific immune response 
to Malassezia yeasts is elicited [16]. Immunocytochemistry of skin biopsies from SE lesions, 
the healthy skin of SE patients and from healthy controls showed that this disease is charac-
terized by a nonimmunogenic irritant reaction of the skin immune system in the epidermis 
and around the follicles [17]. Inflammation markers, viz. (IL-1a, IL-1b, IL-2, IL-4, IL-6, 
IL-10, IL-12, IFN-g, and TNF-a) are significantly increased in SE compared with those in 
skin from healthy volunteers. Comparison of SE skin with adjacent clinically healthy skin, 
however, did not show a statistical significant difference in the aforementioned markers. In 
accordance to these findings, M. globosa, M. restricta, M. furfur, M. sympodialis, M.  slooffiae, 
and M. obtusa have been shown to induce the production of the proinflammatory cytokines 
IL-1a, IL-6, and the antiinflammatory IL-10 from normal human keratinocytes [18]. Factors 
that affected the production of these cytokines were (a)  the presence or absence of the lipid 
capsule that consists part of the cell wall of Malassezia yeasts [19], (b) the culture growth 
phase (exponential vs. stationary), and (c) yeast cell viability. The proinflammatory cytok-
ines were upregulated after the removal of the lipid capsule, whereas the antiinflammatory 
IL-10 was downregulated [20]. Contrary to the immunohistochemistry findings [17], IL-8 
production was increased following stimulation of natural healthy keratinocytes with acap-
sular Malassezia yeasts belonging to the six lipophilic species, but TNF-a production was 
not enhanced by either capsular or acapsular Malassezia forms. In a previous experiment 
[21], TNF-a production was increased along with IL-1b, IL-6, and IL-8 in human normal 
keratinocytes co-cultured with M. sympodialis, M. slooffiae, and M.  pachydermatis, whereas 
M. furfur failed to enhance the production of the aforementioned cytokines. Ishibashi et al. 
[22] did not detect any increases in Th1 (IL-1a, IL-1b, IL-2, and TNF-a) cytokine mRNA 
by microarrays applied on keratinocytes exposed to M. globosa and M. restricta cells. Yet, 
this outcome could be attributed to the short period of exposure time (2 and 4 h) of kerati-
nocytes to M. globosa and M. restricta cells, as the primary objective of the investigators 
was to assess mRNA for Th2 cytokines (IL-4, IL-5, IL-10, and IL-13). However, this study 
showed that M. globosa and M. restricta stimulated the production of different inflamma-
tory mediators. Specifically, M. globosa stimulated IL-3, IL-5, IL-6, IL-7, IL-10, IL-13, and 
GM-CSF (granulocyte monocyte-colony stimulation factor) and M. restricta IL-4 and 
Leptin. In accordance with the recent epidemiological data that demonstrate the existence 
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of more than one Malassezia species on SE skin [14], development of this skin disease 
could be the result of the quantitative expression and secretion of a broad panel of cytokines 
occurring through Malassezia stimulation of keratinocytes. On these grounds, the therapeu-
tic infusion in a patient of recombinant IL-2 caused the appearance of SE in a dose depen-
dent manner [23]. Lesions, however, developed in the known seborrheic regions and not in 
a more wide distribution, as would be expected after systemic administration of an inciting 
agent.

These data cannot explain the observation that clinically healthy skin proximally to SE 
lesions demonstrates equivalent cytokine and immune cell infiltrating profiles to lesional 
skin [17]. Thus, the existence of other currently unknown, host-specific factors that contrib-
ute to SE appearance is highly probable. The effect of Malassezia on the skin immune sys-
tem and the development of SE is not restricted to cytokine production. M. furfur has the 
ability to up-regulate Toll-like receptor 2 and stimulate the expression of Human-b-defensins 
2 (HBD-2) and HBD-3 as well as IL-8 when cocultured with human keratinocytes [24, 25]. 
HBD-2 has a potent antimicrobial activity against gram-negative bacteria and Candida albi-
cans, and it is tempting to speculate that M. furfur cells could manipulate the skin innate 
immune system by stimulating epidermal keratinocytes to produce HBD-2 for direct antimi-
crobial action and IL-8 for attraction of neutrophils to purge antagonistic microorganisms. 
Thus, exploiting the defense mechanisms of their host would be a valuable means for keep-
ing away antagonistic microorganisms and maintaining the skin flora equilibrium. As we 
know from psoriasis and atopic eczema (AE) studies, the skin immune system has an effect 
on the microbiota. In psoriasis, the upregulation of the inflammatory response with expres-
sion of antimicrobial peptides results in absence of infections in psoriatic skin despite colo-
nization with Staphylococcus aureus [26]. On the other hand, AE is characterized by a Th 2 
immune response with decreased production of antimicrobial peptides, allowing survival of 
a plethora of nonpathogenic and pathogenic microorganisms such as S. aureus [27]. Thus, 
SE could be underlied by a nonspecific, direct or indirect activation of the immune system by 
the presence of Malassezia cells or their products (e.g., secreted enzymes or metabolites).

Indication of the ability of Malassezia yeast cells to further interact with the skin immune 
system in SE is the increased production of potent aryl hydrocarbon receptor (AHR) ligands 
[Indole (3,2 b) carbazole (ICZ), indirubin, and malassezin] by M. furfur isolates when grown 
in l-tryptophan agar [28]. M. furfur strains from SE constitutively produced higher amounts 
of ICZ, indirubin, and malassezin than M. furfur strains from healthy skin [28]. Although the 
extent of implication of these substances in SE development is far from clear, they could 
possibly reflect the response of Malassezia yeasts to alterations in the skin microenvironment 
in an effort to modulate the immune reaction. Differentiation of the recently described Th17 
cells is dependent on IL-6 and transforming growth factor-beta (TGF-b), while it is modu-
lated by AHR activation [29]. Th17 cells are considered to play an important role in autoin-
flammatory phenomena, such as experimental autoimmune encephalomyelitis and inclusion 
of the potent AHR ligand 6-formyloindol [3,2-b]carbazole in the antigenic emulsion injected 
in mice accelerated the onset of encephalomyelitis [30]. Furthermore, Th17 cytokines modu-
late psoriatic keratinocytes to express and secrete large amounts of b-defensins [31], while 
tolerance of Malassezia cells on the skin can be achieved by AHR activation in dendritic 
cells [32]. Their subsequent effects on regulatory T-cell survival and function in Balb/c mice 
allograft-specific tolerance of pancreatic islet cells was achieved through AHR activation of 
this pathway [32]. The effect of constitutive AHR activation on the immune system has been 
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focused mainly on dioxin because of its detrimental environmental effects [33]. However, 
unremitting in vivo production of the aforementioned AHR ligands by Malassezia can have 
an impact on the surrounding epidermal cells. In fact, constitutive activation of the AHR 
receptor in transgenic mice resulted in inflammatory skin lesions [34], while part of the dam-
age of ultraviolet light in keratinocytes is considered to be mediated through AHR activation 
by L-tryptophan photoproducts, such as 6-formyloindol [3,2-b]carbazole [35]. Actually, SE 
has been reported to appear after intense psoralen ultraviolet light therapy [36] and in high-
altitude guides who are exposed to ambient UV light [37].

Interestingly, SE is not the result of increased sebum production [38], but it is rather 
associated with fluctuations in sebum production as demonstrated by the epidemiology of 
the disease. In newborns, SE in the form of infantile SE is quite common, especially during 
the first trimester when sebaceous glands are active under the influence of maternal andro-
gens, and the skin is colonized with Malassezia yeasts among other microbes [39]. In 
Australia, infantile SE had a prevalence of 10% in a cohort of preschool-aged children and 
was higher in infants during the first 3 months of life (71.7%) [40]. SE gradually declined 
by the end of the first year of life, as sebaceous gland activity minimized devoid of maternal 
androgen stimulation. It is well known that SE recurs with the advent of adulthood [2], but 
it is more common after the age of 50 [11] when sebaceous gland activity gradually dimin-
ishes [11, 41]. Thus, at least in part, SE could be the result of selection of more pathogenic 
Malassezia strains that rapidly expand to cover a biocenosis [42] during infant life and the 
teens. Alternatively, it could be the result of a selection of metabolically more active strains, 
which struggle for survival in an environment with compromised homeostatic mechanisms 
due to aging and reduction of available nutrients, as sebum production decreases in the 
aging skin [11]. The well-known SE flares occurring during the autumn following the 
higher sebum secretion rates of the summer are in accordance to this [43], as is the observa-
tion that women with SE have decreased sebum excretion rates compared with controls 
[38]. Likewise, in animals, pathogenic strains of M. pachydermatis respond to b-endorphin 
stimulation with an increased production of phospholipase [44, 45]. b-Endorphin increased 
sebum production in humans [46], and the existence of such a pathway, i.e., b-endorphin- 
increased phospholipase production, in the anthropophilic Malassezia species could imply 
better utilization of the sebaceous lipids by the yeasts. A side effect of the aberrant produc-
tion of Malassezia phosholipases could be the removal of epidermal lipids, the compromise 
of epidermal barrier function and the subsequent development of SE as sebaceous gland 
activity decreases. In C. albicans, phospholipase production constitutes an established viru-
lence factor [47]. Evidence accumulated for the significance of phospholipase as a viru-
lence factor in M. pachydermatis, but the significance of these enzymes for the anthropophilic 
Malassezia species remains to be elucidated [48]. Recently, the existence of a functional 
m-opioid receptor in pathogenic and nonpathogenic strains of M. pachydermatis has been 
demonstrated [49]. Given the extensive distribution of G-protein-coupled receptors in fungi 
and their role in sensing various environmental parameters [50], it is highly possible that the 
anthropophilic Malassezia species do possess an extensive repertoire of these receptors. 
Comparison of their cellular effects between strains isolated from healthy skin and 
SE-affected skin could highlight aspects of SE pathogenesis.

Certain M. globosa IGS sequence subtypes [14] as well as M. furfur genotypes with spe-
cific microsatellite fingerprints [15] have been associated with SD. Thus, the selective 
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production of bioactive indoles by M. furfur strains isolated from SE, such as the 
 antimicrobial substance indirubin [51], could benefit the yeast by controlling the growth of 
antagonistic bacteria. Consistent to this proposed mechanism is the emergence of more 
pathogenic strains of Malassezia yeasts during SE flares. In addition, the possibility that 
mating of Malassezia species under nutrient deprivation, which may happen during aging, 
may give rise to Malassezia strains that are better adapted for survival cannot be ruled out, 
as recent evidence shows that M. globosa species possess a mating-type locus [52].

In conclusion, current data show the existence of diverse, complex mechanisms in the 
development of SE. Systematic investigation of virulence factors in Malassezia yeasts and 
associated susceptibility traits in SE will highlight the significance of this skin commensal 
and pathogen in skin homeostasis and disease development.

7.1.4  
Seborrheic Eczema and HIV/AIDS

Seborrheic eczema occurs more commonly in HIV/AIDS patients, as it has been reported 
to range between 20 and 40% of HIV-1 seropositive patients and between 40 and 80% in 
those with AIDS [53]. SE is more severe and more resistant to therapy in HIV/AIDS 
patients and advances with the stage of the disease [54]. HIV/AIDS affects the response of 
keratinocytes to stress signals [55], while it also has detrimental effects on Langerhans 
cells and their cross-talk with CD-4 memory lymphocytes resulting in virus replication and 
destruction of both subsets of immune cells, thus destabilizing the skin immune system 
[56]. Although HIV/AIDS is associated with the development of multiple skin diseases, 
SE has been considered the most common [53]. The significance of Malassezia yeasts in 
the development of HIV/AIDS associated SE is under debate, as some studies noted an 
increase in Malassezia yeasts on the skin of HIV/AIDS positive non-SE volunteers [57] 
and on the healthy skin of HIV-positive SE patients [58] compared with controls. Decreased 
Malassezia counts from HIV-infected patients [54, 59] questioning the implication of 
Malassezia have, however, been reported in this subset of SE [58]. As pointed out earlier, 
the Malassezia strains implicated and not just the yeast load [58] may be significant for the 
development of SE in HIV/AIDS patients. In the declining HIV/AIDS skin immune envi-
ronment, the corresponding microbiota is in constant disequilibrium due to the develop-
ment of multiple, treatment resistant viral, bacterial, and fungal dermatoses [60]. Thus, 
survival on a compromised skin environment is a constant challenge, forcing the selection 
of more survival-suitable Malassezia strains by the expression of relevant traits.

7.1.5  
Infantile Seborrheic Eczema

Infantile seborrheic eczema (ISE) is a term that is commonly used to describe a distinctive 
eczematous or psoriasiform eruption with a predilection for the scalp and the proximal 
flexures, and one that has a favorable prognosis compared with AE [39, 61].

It commonly appears between the second week of life up to the sixth month and can 
involve the face, scalp, trunk, and napkin area individually or in any combination. Pruritus 
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is usually absent, although it is difficult to evaluate this symptom in the neonate. The  clinical 
appearance is that of SE with erythema, scales, and crusts. The lesions might coalesce, 
especially in the face and flexures, but they are more distinct on the trunk.

As the clinical appearance of ISE is not specific, it might be easily confused with infan-
tile AE and infantile psoriasis. Thus, various studies have considered ISE as a predilection 
factor for the development of psoriasis or AE [39]. However, it is quite difficult to unequiv-
ocally conclude on this as all three conditions share clinical characteristics in this age 
group. Furthermore, as they occur quite commonly, it is possible that they can coexist in 
the same infant.

Culture studies have reported variable results regarding the isolation of Malassezia yeasts 
from lesional or control skin. In one study, the same rate of positive cultures for Malassezia 
was shown during ISE, and after 1 year when the lesions had subsided [20]. Unfortunately, 
the authors did not use the same sampling plates throughout the study, and the results may 
have been biased by this. Other studies reported increased isolation rates from neonates with 
ISE when compared with healthy controls [62, 63] or infants with AE [63].

In conclusion, as mentioned earlier for adult SE, it is difficult to unequivocally differ-
entiate a typical ISE from AE or infantile psoriasis as they share clinical characteristics 
[64], and pathophysiological associations cannot be determined unequivocally by epide-
miological studies alone.

7.1.6  
Therapy

The multitude of therapeutic modalities proposed for SE demonstrates the persistent and 
relapsing nature of this disease. The common underlying action mechanism of most com-
pounds used is their antifungal property [6]. Most cases of SE can be controlled with 
application of topical agents during flares of the disease. In mild cases, applying an anti-
dandruff shampoo preparation on the skin lesions could demonstrate efficacy [65], but 
application of topical antiinflammatory, antifungal, or combinational medications might 
be necessary to control SE. Potent steroids for the treatment of SE should be restricted to 
short periods to avoid side effects such as atrophy and telangiectasias, or the development 
of perioral dermatitis. The use of topical calcineurin inhibitors (viz., tacrolimus, pimer-
colimus) in SE is devoid of the steroid local side effects, but it is associated with stinging 
during the first days of their use and patients should be informed accordingly. Topical 
antifungal azoles are a safe approach for long-term management of SE, and they can be 
used in combination with mild steroids for rapid control of SE flares. Below, we describe 
the different agents used in the treatment of SE in more detail.

7.1.6.1  
Antifungals

For topical antifungal agents, controlled studies exist for ketoconazole, bifonazole, and 
ciclopiroxolamine. In the largest double-blinded ketoconazole trial, involving 1,162 
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people with mild to severe disease affecting multiple regions of the body, treatment was 
determined to be successful on the basis of a global assessment score at 4 weeks in 56% 
of patients who received ketoconazole foam twice daily, when compared with 42% who 
received placebo foam (P < 0.001). Similar results were obtained comparing the drug 
with placebo in cream formulations [66]. Comparing 2% ketoconazole in a gel formula-
tion, used once daily, with placebo in 459 subjects with moderate-to-severe disease in 
different areas of the body, the skin of 25% of subjects with active treatment was consid-
ered cleared or almost cleared at day 28 in comparison with 14% assigned to placebo 
(P = 0.001) [67].

Intermittent use of ketoconazole can maintain remission. In one study, 312 patients with 
scalp lesions in whom dermatitis had initially cleared with twice-weekly shampoo contain-
ing 2% ketoconazole were subsequently enrolled in a 6-month placebo-controlled prophy-
lactic trial; relapse rates were 47% among patients using placebo, 31% among patients 
using ketoconazole shampoo once every other week, and 19% among patients using the 
active treatment once weekly [68]. In a randomized trial with bifonazole involving 100 
patients, the skin of 43% of patients using 1% bifonazole cream once daily, when com-
pared with 23% of those using placebo, was shown to be almost clear after 4 weeks accord-
ing to a global improvement scale [69]. In addition, bifonazole shampoo used three times 
weekly has also been shown to result in significantly greater improvement in scalp lesions 
than placebo [70].

In a randomized trial comparing ciclopiroxolamine shampoo, used once or twice 
weekly, with placebo in 949 patients with scalp lesions, rates of clearance over a 4-week 
period were 45 and 58% with the once-weekly and twice-weekly active treatments, 
respectively, when compared with 32% with placebo (P < 0.001 for both comparisons 
with placebo). Among 428 patients with a response who were subsequently randomly 
assigned to ciclopiroxolamine prophylaxis once weekly, ciclopiroxolamine prophylaxis 
every 2 weeks, or placebo for 4 months, relapse rates were 15, 22, and 35%, respectively 
[71].

Limited data are available for comparisons of different antifungal agents. In a trial 
involving 303 patients with facial SE, ciclopiroxolamine cream administered twice daily 
for 28 days, followed by once-daily use for an additional 28 days, resulted in significantly 
higher rates of remission than the use of ketoconazole foaming gel used twice weekly for 
the first 28 days and then once a week (57% vs. 44% at 56 days in an intention-to-treat 
analysis, P = 0.03). However, these results are difficult to interpret because of the much 
lower frequency of application for ketoconazole than for ciclopiroxolamine [72]. Local 
tolerance as well as overall acceptability was better with ciclopiroxolamine than with keto-
conazole [73].

7.1.6.2  
Topical Corticosteroids

Several randomized trials have compared short-term topical corticosteroids, including in 
approximate order of increasing potency, hydrocortisone, betamethasone dipropionate, 
clobetasol 17-butyrate, and clobetasol dipropionate, with topical antifungal agents [74, 75]. 
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These trials have shown either no significant difference or a small difference in favor of the 
antifungal agent, but the largest trial included only 72 people [75].

7.1.6.3  
Selenium Sulfide Preparations

In a randomized trial involving 246 patients with moderate-to-severe dandruff, 2.5% 
selenium sulfide shampoo, 2% ketoconazole shampoo, and placebo were compared. All 
shampoos were used twice weekly. Reductions in the score for dandruff at week four 
were 67% with selenium sulfide, 73% with ketoconazole, and 44% with placebo; the 
reductions were significantly larger with both medicated shampoos than with placebo 
[76].

7.1.6.4  
Topical Lithium Salts

The mechanism of action of topical lithium succinate and lithium gluconate is poorly 
understood. They are effective alternative agents for the treatment of SE in areas other 
than the scalp. In a crossover, placebo-controlled trial of lithium succinate involving 
two 4-week treatment periods separated by a two-week washout period, twice-daily 
lithium succinate ointment was associated with significantly greater reductions in ery-
thema, scaling, and the percentage of the area of the skin involved [77]. In a small, 
randomized trial involving 12 patients, lithium succinate was significantly more effec-
tive than placebo for the treatment of lesions in HIV-positive patients [78]. In 129 
patients with facial lesions, application twice-daily of lithium gluconate was shown to 
be more effective than placebo in an 8-week trial, and it was shown to be superior to 
2% ketoconazole in an 8-week noninferiority trial involving 288 patients with facial 
lesions; in the latter study, complete-remission rates were 52% with the use of lithium 
gluconate and 30% with the use of ketoconazole, but ketoconazole was applied only 
twice weekly [72, 79].

7.1.6.5  
Topical Calcineurin Inhibitors

Calcineurin inhibitors prevent T-cell activation by downregulating the activity of type 1 
and 2 T-helper cells. In a randomized trial involving 96 patients with moderate-to-severe 
facial SE (mean age, 59.6 years, 88.5% male), the mean change from baseline to 4 weeks 
in the total target-area score with twice-daily 1% pimecrolimus was significantly greater 
than with placebo in a per-protocol analysis, but not in an intention-to-treat analysis [80]. 
Two small, randomized trials did not show significant differences between pimecrolimus 
and topical corticosteroids, but these trials had limited statistical power [81, 82]. The 
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effects of an intermittent or prophylactic use of calcineurin inhibitors were not yet tested 
in controlled studies.

7.1.6.6  
Phototherapy

Although UV-light might provoke SE (see above) [36], ultraviolet B phototherapy is 
sometimes considered as an option for extensive or recalcitrant SD, but it has not been 
studied in randomized trials [83, 84].

7.1.6.7  
Systemic Antifungal Therapy

Fluconazole: In a randomized trial involving 63 patients with mild-to-moderate SE, a 
single weekly dose of 300 mg of fluconazole was no better than placebo after 2 weeks [85].

Terbinafine: Scapparro and collaborators [86] performed a randomized placebo-con-
trolled study with either oral terbinafine 250 mg o.d. or placebo (moisturizing ointment) 
twice daily for 4 weeks. Terbinafine significantly reduced the mean global clinical score as 
well as individual erythema, scaling, and itching scores. The good clinical response was 
maintained for 8 weeks after cessation of therapy [86]. In contrast, oral terbinafine (at a 
dose of 250 mg/day for 4 weeks) in a randomized, placebo-controlled trial [87] involving 
174 patients was not found to be better than placebo in patients with lesions predominantly 
involving exposed areas of the skin, such as the face. A difference was noted in patients 
with lesions predominantly involving areas of the skin that were not exposed, such as the 
scalp, sternum, and interscapular areas.

Itraconazole: In a study by Baysal et al. [88] 32 patients applied 1% hydrocortisone 
cream twice daily for 1 month in parallel with itraconazole 200 mg/day during the first 
week of the first month, then followed by itraconazole 200 mg/day of the first days of the 
following 11 months and 2 months of no treatment. There was a statistically significant 
decrease in the mean severity score at the first, 12th, and 14th month. An open clinical 
study in 29 patients with oral itraconazole (200 mg/day for 7 days) and consecutive usage 
of 200 mg/day for the first 2 days of the following 2 months in patients with SE resulted in 
clinical improvement in 23 patients [89]. Compared with baseline values, the mean SD 
total score as well as individual erythema and desquamation were significantly reduced 
(Wilcoxon’s signed test-two tailed) (P < 0.0001) [89]. In an open noncomparative study 60 
patients with moderate-to-severe SE were treated with oral itraconazole, initially 200 mg/day 
for a week, followed by a maintenance therapy of a single dose of 200 mg every 2 weeks 
for a total of 18 weeks. At the end of the initial treatment, significant improvement was 
reported in three clinical parameters: erythema, scaling, and itching. Maintenance therapy 
led to only slight further improvement [90]. A novel promising per os agent for the man-
agement of SE is pramiconazole, which accomplished control of SE within 3 days and 
maintained the result for 4 weeks after a single 200-mg dose [91]. The development of this 
drug has currently been suspended because of changes in the ownership status [92].
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In future, understanding the particular mechanisms that lead to the development of SE 
lesions would lead to targeted therapies that would offer cure to this common and persis-
tent skin condition.

7.2  
Malassezia in Atopic Eczema/Dermatitis

Annika Scheynius and Reto Crameri

7.2.1  
Atopic Eczema (Atopic Dermatitis)

Atopic eczema (AE), or atopic dermatitis (AD), is a chronic relapsing inflammatory skin 
disease, and its prevalence has doubled or tripled in industrialized countries during the past 
three decades with around 15–30% of children and 2–10% of adults being affected nowa-
days [93]. The disease is characterized by severely itchy, red, dry, and crusted skin with the 
distribution varying with age. This skin disorder has a great impact on quality of life at all 
ages; it interferes with work, play, and nightly rest, and affects family functions and rela-
tions. In childhood, it is often the first symptom of allergic disease that often progresses to 
allergic rhino-conjunctivitis and/or asthma at a later stage.

There are different subgroups of patients with AE. Approximately 80% of adult patients 
with symptoms of AE have immediate type skin reactions to environmental allergens (pos-
itive skin-prick test, SPT), allergen-specific IgE in serum, and elevated total serum-IgE 
levels [94]. This form of AE is often called “extrinsic,” since it is assumed that allergens 
are involved in induction and maintenance of the disease. In contrast, patients with the 
“intrinsic” form of AE, also denoted “nonatopic eczema,” have normal serum IgE levels 
and allergen reactivity has not been connected to their symptoms [94]. The two subgroups 
have an indistinguishable clinical picture. Still, another subgroup of patients with AE 
seems to have an additional autoimmune IgE-mediated reactivity against self antigens in 
addition to that against exogenous allergens [95, 96]. Thus, it is important to recognize the 
different subgroups of AE patients to identify underlying disease mechanisms and offer 
the patients proper advice and treatment.

The pathogenesis of AE is likely to result from a combination of a defective skin barrier 
and inappropriate immune responses with contribution of both genetic and environmental 
factors [93, 94]. A number of genes seem to play a role in the disease where some are 
related to the barrier function of the epidermis and others are involved in immunological 
responses favoring the development of IgE-mediated sensitization with an allergen-spe-
cific Th2 polarization [93, 94]. MicroRNAs are short noncoding RNAs that are important 
transcriptional and posttranscriptional regulators of gene expression and function [97]. We 
recently found that AE skin has a specific microRNA expression profile compared with 
healthy human skin and lesional skin from patients with psoriasis [98], suggesting func-
tional implications that might represent potential therapeutic targets.

a
Highlight
AE is a heterogeneous disease. Though all cases may well be caused by a loss of immune tolerance to skin microbiota (especially Malassezia), the way immune tolerance is lost will vary between individuals. This means not all treatments will work equally well in all patients.
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Environmental triggers can be different life style factors [99], stress, allergens, and 
microorganisms [94]. The gene–environment interactions during sensitization or allergen 
challenge may induce a permanently altered genetic state persisting during life, so-called 
epigenetic alteration [100]. Whether epigenetic mechanisms play a role in the develop-
ment of allergic diseases is an open area of research [101].

7.2.2  
Malassezia and Atopic Eczema

Interestingly, microorganisms have been demonstrated not only to cause skin infections 
but also to trigger allergic symptoms by acting as allergens. Among these, microorgan-
isms are species that belong to the lipophilic yeast genus Malassezia that are also part of 
the normal human cutaneous microbiota. Clemmensen and Hjort [102] were the first who 
reported an association between Malassezia and AE. They described that treatment with 
the antifungal drug ketoconazole improved AE, especially in adult patients with a head 
and neck distribution of the eczema and a positive skin-prick test (SPT) to Malassezia 
extract. Later, studies supported their findings [103] and also found that treatment with 
ketoconazole lowered the levels of total serum IgE and M. sympodialis-specific IgE [103, 
104]. Allergen-specific IgE and/or atopy patch test (APT) reactivity to Malassezia can be 
detected in 50% of adult patients with AE [103], but rarely in other allergic diseases 
[105], indicating a specific link between AE and Malassezia in a subset of patients. We 
have therefore chosen M. sympodialis, one of the most common species colonizing the 
skin of both healthy individuals and patients with AE [13, 103, 106] as a model to deepen 
our understanding of how a member of the normal skin microbiota can interact with the 
innate (natural) and adaptive (acquired) immune system and possibly contribute to the 
pathogenesis of AE.

7.2.3  
Microbe and Allergen Interaction with Our Immune System

The initial contact among microbes, allergens, and our defense barriers, including the 
innate and adaptive immune system, is crucial. Various types of cells such as keratino-
cytes, eosinophils, mast cells, dendritic cells (DCs), lymphocytes, and NK-cells are 
involved in the pathogenic mechanisms of AE [93, 94]. Antigen-presenting cells (APC) 
will decide whether Th1- or Th2-like or Th17 effector cells or regulatory T-cells (Treg) 
will differentiate, resulting in immunity or tolerance. The most potent APCs in the body 
are the DCs [107] that respond to different foreign environmental stimuli. At the same 
time, they have the capacity to sample self antigens and environmental proteins continu-
ously to create immune tolerance. This dual capacity gives them power to dictate immune 
responses and has evoked hope that DCs can be manipulated in vitro or in vivo to improve 
immunotherapy. It is thus vital to understand how DCs exert their control over the quality 
and magnitude of the immune response. How do antigen-presenting DCs recognize aller-
gens? This is a delicate task for the DCs since allergens are in general harmless proteins 

a
Highlight
This is good evidence that Malassezia is involved in at least some cases.
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that we should not react against. We know that by expressing different Toll-like receptors 
(TLRs), DCs can recognize different pathogen-associated molecules (PAMPs), but the 
mechanisms for allergen recognition are so far largely unknown.

7.2.4  
Allergens in Malassezia Species

Without doubt recombinant allergens are the ideal reagents to improve diagnosis [108, 
109], to study the mechanisms involved in the pathophysiology [110], and they may con-
tribute in the future to the therapy of allergic diseases [111, 112]. This specially applies for 
fungal-related allergic complications because fungi display extremely complex allergen 
repertoires [113], hampering the production of standardized, consistent extract prepara-
tions [114]. Therefore, it is not astonishing that the outcome of serologic or skin test studies 
performed with different fungal extracts yielded partly discordant results [115]. Currently, 
thirteen allergens from Malassezia species are reported by the official allergen nomencla-
ture list (www.allergen.org), three derived from strain M. furfur TIMM 2782, designated 
Mala f 2 – Mala f 4, and ten from M. sympodialis strain ATCC 42132, Mala s 1, and Mala 
s 5- Mala s 13 (Table 7.2). Although this repertoire is far from complete [116] and might 
also be confusing in terms of taxonomic nomenclature, because strain ATCC 42132, 
 originally isolated by Dr. Jan Faergemann (Gothenburg, Sweden) was first designated 

Allergensa Size (kDa) Function/sequence 
similarity

Strain Acc. No References

Mala s 1b 36 Unknown ATTCC 42132 X96486 [121]

Mala f 2 20 Peroxisomal protein TIMM 2782 ABO11804 [122]

Mala f 3 21 Peroxisomal protein TIMM 2782 ABO11805 [122]

Mala f 4 35 Malate dehydrogenase TIMM 2782 AFO84828 [123]

Mala s 5b 18 Peroxisomal protein ATTCC 42132 AJO11955 [132]

Mala s 6b 17 Cyclophilin ATTCC 42132 AJO11956 [132]

Mala s 7b 16 Unknown ATTCC 42132 AJO11957 [133]

Mala s 8b 18 Unknown ATTCC 42132 AJO11958 [133]

Mala s 9b 14 Unknown ATTCC 42132 AJO11959 [133]

Mala s 10 86 Heat shock protein ATTCC 42132 AJ428052 [135]

Mala s 11 22 MnSOD ATTCC 42132 AJ548421 [135]

Mala s 12 67 GMC oxidoreductase ATTCC 42132 AJ871960 [136]

Mala s 13 12 Thioredoxin ATTCC 42132 AJ937743 [119]

Table 7.2 Cloned Malassezia allergens

aMalassezia allergens are referred to the first four letters in the genus (Mala) instead of only the 
first three, which is normally the case for allergens, in order to avoid confusion with apple 
(Malus = Mal) allergens; Mala s (Malassezia sympodialis); Mala f (Malassezia furfur)
bOriginally designated as Mal f 1, Mal f 5–Mal f 9, respectively

http://www.allergen.org
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Pityrosporum orbiculare, later M. furfur, and finally M. sympodialis (after sequencing by 
E. Guého, J. Faergemann personal communication), it is the best investigated allergen 
repertoire from a structural point of view. The crystal structure of Mala s 1 [117], Mala s 6 
[118] and Mala s 13 [119] have been solved recently at high resolution, providing interest-
ing insides into the structural world of allergens. Mala s 6, a cyclophilin, and Mala s 13, a 
thioredoxin, belong to the class of phylogenetically highly conserved proteins and are 
members of so-called pan-allergen families [118–120]. These proteins, together with Mala 
s 11, a manganese-dependent superoxide dismutase, share a high degree of sequence iden-
tity to the corresponding human enzymes as well and might play an essential role in the 
pathogenesis of AE [96] as discussed further.

In contrast, Mala s 1 shows a 6-fold b-propeller structure representing a new fold not 
known so far in any of the crystallized allergens [117]. Like Asp f 1 and Alt a 1, the major 
allergens of Aspergillus fumigatus [124] and Alternaria alternata [125], Mala s 1 seems to 
be a major species-specific fungal allergen without sequence homology to known proteins. 
These allergens appear to be highly conserved across a few species or species of a genus 
as shown by the lack of orthologous proteins in the fungal kingdom obtained by compara-
tive genomic studies involving 22 fully sequenced fungal genomes [126]. The putative 
active site of Mala s 1 overlaps structurally to putative active sites in the potential homo-
logues Q4P4P8 and Tri 14, from the maize fungal pathogen Ustilago maydis and the wheat 
fungal pathogen Gibberella zeae, respectively [127, 128]. Tri14 is a protein of the myco-
toxin trichothecene synthesis gene cluster largely responsible for the pathogenicity of  
G. zeae [129], and it has been suggested to be involved in host–cell recognition or in cell-
wall processes involved in plant cell invasion by the parasite. The conserved residues 
within the potential active sites might suggest similar functions for Mala s 1 and for the 
two related proteins of the plant fungal parasites. Interestingly, Mala s 1 is localized in the 
cell wall and exposed to the yeast cell surface [130]. The genomes of the Malassezia spe-
cies M. globosa and M. restricta were recently sequenced [52, 131]. The resemblance 
between Malassezia and U. maydis is not limited to Mala s 1 and Q4P4P8, since DNA 
sequence comparison indicated that U. maydis is the fungus most closely related to 
Malassezia among all fungi with complete genome sequences [52].

Mala f 2 and Mala f 3 represent peroxisomal proteins reported as cross-reactive aller-
gens derived from many fungal species [126, 132, 133]. Mala f 4 codes for a malate dehy-
drogenase, a known allergen structure that is reported also as a latex allergen [134], whereas 
Mala s 5 represents and additional peroxisomal protein [135]. Interestingly Mala s 7, Mala 
s 8, and Mala s 9, first detected as partial sequences encoding IgE-binding proteins from a 
phage surface-displayed M. sympodialis cDNA library [135], encode proteins of unknown 
function without sequence homology to known allergens or to other known proteins [136]. 
Although we should be careful in defining a sequence as unique because the repertoire of 
environmental IgE-binding proteins is far from complete, we can assume that Mala s 7, 8, 
and 9 are rare, if not unique IgE-binding structures, as otherwise homologous sequences 
would have been found among the many sequenced yeast genomes [137]. The last three 
M. sympodialis allergens to be mentioned, Mala s 10, Mala s 12, and Mala s 13, encode a 
heat-shock protein [138], a glucose-methanol-choline (GMC) oxidoreductase [139], and a 
thioredoxin [119] respectively. Heat-shock proteins and thioredoxins are well known as 
IgE-binding structures [119, 140], whereas Mala s 12 homologous allergens have not been 
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reported so far [139]. Although many more allergens can be expected to be produced by 
Malassezia species as demonstrated by high throughput screening of phage surface dis-
played cDNA libraries [116], the available recombinant allergens have shown to be useful 
reagents for a highly specific detection of Malassezia-sensitized AE patients [105, 141–
143], for the understanding of cross-reactivity at the molecular level [118, 119], and for the 
investigation of the pathological background played by allergens in AE (see further).

7.2.5  
Host–Microbe Interactions in AE

Several factors, along with the genetic background, contribute to a dysfunctional skin bar-
rier and unwanted immune responses in AE. The defective skin barrier in AE patients, both 
in lesional and nonlesional skin, fail to provide sufficient protection against microbes and 
allergens and causes increased transepidermal water loss due to a reduced content of water-
retaining ceramides [94]. Moreover, the host interaction with microorganisms can stimu-
late the production of allergens. We recently showed that the release of M. sympodialis 
allergens is indeed significantly higher at pH 6, reflecting the higher pH of skin from 
patients with AE compared with that at pH 5.5, which is the normal skin pH [144].

Antimicrobial peptides, such as LL-37 and human b-defensin-2 (HBD-2), are produced 
in the skin as a first line of defense against bacteria, fungi, and some viruses [145]. M. furfur 
induces upregulation of HBD-2 in normal cultured human keratinocytes, which thus limits 
the uptake of further yeast cells and reflects a regulated innate host defense [25]. This 
defense mechanism seems to be hampered in patients with AE, since it has been described 
that patients with AE are lacking appropriate induction of these antimicrobial peptides 
compared with patients with psoriasis, also suggesting an explanation for the frequent 
infections with Staphylococcus aureus in the skin of AE patients [27]. The expression of the 
antimicrobial protein LL-37 has also been found to be enhanced both at the protein and 
transcriptional level in lesional skin of patients with AE and in other types of eczema, 
where LL-37 was always observed at the place for epidermal injury indicating that epider-
mal damage plays an important role for the expression [146]. Besides antimicrobial pep-
tides, Malassezia yeasts can induce the production of distinct Th2-type cytokines from 
human keratinocytes, thereby contributing to a Th2-biased immune response [22].

The DC subtypes Langerhans’ cells and inflammatory dendritic epidermal cells (IDECs) 
from AE patients express much higher levels of the high-affinity IgE receptor, FceRI, [147] 
and, hence, are candidates to contribute to allergic inflammation in the skin. We have previ-
ously demonstrated that immature human monocyte-derived DCs (MDDCs) can efficiently 
bind and rapidly internalize M. sympodialis as well as allergenic components from the yeast 
[148]. This process is associated with maturation of the MDDCs, induction of lymphocyte 
proliferation and of a Th2-like immune response [149], suggesting that sensitization to M. 
sympodialis can be mediated by DCs in the skin. MDDCs in healthy individuals possess the 
ability to distinguish between Mala s 11 and the human homologue manganese superoxide 
dismutase (hMnSOD) [150] (see Sect. 7.2.6). One hypothesis is that DCs in AE patients are 
able to present self antigens thus breaking tolerance resulting in autoreactivity contrary to 
DCs in healthy individuals. cDNA microarray analyzes have indicated differences in the 

a
Highlight
LL-37/HBD-2 suggest skin microbiota is causing AE.
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Allergy (IgE) mediated activation of DCs cells seems to be part of the causative immune pathway of AE.
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gene expression profiles with an overproduction of  proinflammatory molecules in MDDCs 
from patients with AE compared with MDDCs from healthy individuals cocultured with M. 
sympodialis [151]. Furthermore, M. sympodialis triggers the innate immune response dif-
ferently in patients with AE than in healthy individuals with a prominent secretion of LL-37 
by MDDCs from patients with severe AE [152]. Whether these changes in DCs behavior 
upon contact with M. sympodialis reflect genetic differences in AE patients or are the result 
of phenotypic changes due to their sensitization to Malassezia remains to be clarified.

Peripheral blood mononuclear cells (PBMC) from both healthy individuals and patients 
with AE proliferate in vitro when stimulated with M. sympodialis, although with a signifi-
cantly higher response in patients with AE [103, 141, 153, 154]. M. sympodialis reactive 
T cell clones generated from lesional skin show a Th2/Th0-like cytokine profile [153], and 
there is a relationship between circulating T cells with a Th2-like cytokine profile and posi-
tive APT reactions to M. sympodialis in AE patients [141]. These observations suggest that 
Malassezia sensitized AE patients have acquired a T cell reactivity that may contribute to 
maintain the skin inflammation.

Natural killer (NK) or NKT cells and DCs can mutually influence each other’s respec-
tive activity, shaping the ensuing adaptive immune response [155]. We provided the first 
evidence that NK cells and DCs do interact in the skin in vivo and that M. sympodialis 
stimulates this interaction in patients with AE [156]. Furthermore, M. sympodialis enhances 
NK cell-induced DC maturation in healthy subjects [157]. Thus, NK cells and DCs seem 
to cooperate in regulating immune responses in the skin. We thus hypothesize that NK and/
or NKT cells can selectively eliminate DCs that have picked up Malassezia cells before 
they activate the immune system, a function that might be impaired in AE.

The dominating symptom in AE is severe itch that provokes scratching and increased 
inflammation. Mast cells most likely play a central role in this vicious circle. Fungal products, 
such as zymosan, can activate mast cells through TLR2 [158] and crosslinking of the high-
affinity IgE receptor, FceRI, on mast cells leads to the release of potent inflammatory media-
tors, such as histamine, proteases, chemotactic factors, cytokines, and arachidonic acid 
metabolites [159]. Recent data show that M. sympodialis can activate mouse mast cells to 
release cysteinyl leukotriens, enhance the mast cell IgE response, modulate MAPK activation, 
and by signaling through the TLR-2/MyD88 pathway alter the IL-6 production [160]. These 
effects of M. sympodialis on mast cells may contribute to the inflammation and result in AE.

7.2.6  
Cross-Reactivity Between Malassezia Allergens and Self-Proteins

Obviously molecular interactions are involved in every kind of pathogenesis. They are, 
however, in most cases largely unknown. This applies specially to multifactorial diseases 
such as AE, where interactions between genetic predisposition, mechanical barriers, and 
environmental factors are contributing to the development of a complex clinical syndrome 
[93]. However, there is accumulating circumstantial evidence showing that M. sympodialis 
allergens are indeed involved in the pathogenesis of at least a subset of AE patients. First, 
sensitization to M. sympodialis is almost specific for AE [105], and second, application of 
M. sympodialis extract to nonlesional skin areas of AE patients sensitized to the yeast is 

a
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Though T cells are not the main causative white blood cell type in AE, they may well be an aggravating factor. This is very important, because it can explain why oral nystatin or oral AmpB improve symptoms in some patients. This is the same mechanism I found in psoriasis.Briefly, Malassezia colonize the gut in adolescents/young adults (not children). Once the gut contains Malassezia, T cells are "trained" to detect this fungus in the gut, and then spread throughout the body looking for Malassezia elsewhere. T cells find Malassezia on the skin and cause psoriasis. It is likely that T cells trained to recognize Malassezia in the gut cause the peak in AE symptoms observed in young adults. It is important to note that oral nystatin or oral AmpB do not clear Malassezia from the gut. Rather they clear other fungi (especially Candida) from the gut, subsequently quelling the immune response to all fungi in this site. It is also important to note that the population T cells recognizing Malassezia take from 1-3 months to reduce once Candida has been cleared from the gut. This means the improve of AE symptoms will be gradual.Only in patients with T cells involvement in AE and Candida colonization of the gut at baseline will benefit from oral nystatin or oral AmpB.
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sufficient to induce an eczematous reaction [141]. Extracts are of course complex mixtures 
of undefined composition and as such not adequate reagents to elucidate the mechanisms 
underlying a disease. It has been shown, however, that the use of recombinant MnSOD as 
highly pure allergen preparation is sufficient to elicit positive SPT and APT in AE patients 
sensitized to this particular molecular structure [161]. Interestingly, MnSOD belongs to the 
class of phylogenetically highly conserved proteins [162]. MnSODs share, together with 
cyclophilins and thioredoxins, that have also been identified as relevant M. sympodialis 
allergens, a high degree of sequence identity to the corresponding human enzymes [118, 
119]. There is no doubt that the human proteins can elicit positive SPT and specific T cell 
proliferation in AE patients sensitized to the corresponding environmental allergen [96], 
indicating an autoantigenic T cell-mediated pathogenesis based on molecular mimicry in a 
subset of AE patients. Interestingly, MnSOD, cyclophilin, and thioredoxin are stress-
inducible enzymes, which can be upregulated by mechanical stress (e.g., scratching). In 
the case of MnSOD, it has been shown that the enzyme is upregulated in lesional skin areas 
of AE patients [161]. Release of the autoallergen at the side of inflammation and the pres-
ence of crossreacting allergen-specific IgE antibodies might be a logical explanation for 
the exacerbation of AE in the absence of exogenous allergen exposure [162, 163]. IgE and 
IgE-mediated reactions are situated at the end of the cascade resulting in allergic symp-
toms that might be explained by antigen–antibody interactions, which induce the release 
of toxic mediators (Fig. 7.2). The pathogenic events leading to sensitization are situated 
more early in the cascade and are at present poorly understood.
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Fig. 7.2 IgE-mediated cross-reactivity between environmental allergens and homologous human 
proteins. Patients become sensitized to an environmental allergen which induces and establishes a 
Th2-mediated allergic response resulting in the production of allergen-specific IgE. Based on 
molecular mimicry human proteins homologous to the environmental allergen can stimulate 
 allergen-specific Th2 cells and cross-link IgE on effector cells thus inducing allergy symptoms
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7.2.7  
Diagnosis of Sensitization to Malassezia

The diagnosis of AE is still mainly based on a clinical history of symptoms and signs ful-
filling well-defined diagnostic criteria [94]. Assessment of severity and the extent of the 
eczema are achieved by the standardized SCORAD index [164]. Serological tests of aller-
gen-specific IgE along with SPTs and APTs are important parts of the diagnosis to identify 
triggering allergens [94]. It is now possible to diagnose allergen specific IgE in serum or 
plasma to Malassezia extracts with ImmunoCAP (Phadia Diagnostics AB) [103, 142]. 
Although Malassezia ssp. share cross-reactive allergenic determinants to a great extent, 
there are also species-specific allergens [165]. This is the reason why the use of extract 
from only one species is not sufficient to detect all patients sensitized to Malassezia [166]. 
There remain, however, problems of reproducibility associated with the preparation of 
crude (fungal) allergen extracts [167]. These might be eliminated through the use of stan-
dardized mixtures of well-characterized recombinant allergens that also can increase spec-
ificity and sensitivity in diagnosis [109, 143]. With our recombinant M. sympodialis 
allergens (Table 7.2), we have created unique tools to improve the diagnosis of AE in 
patients sensitized to the yeast. We have also developed an APT method [141, 168, 169] 
and an in vitro lymphocyte proliferation assay in addition to an ELISpot method to detect 
T cell-mediated reactivity against M. sympodialis [141, 153, 154]. The ELISpot method 
has shown that there is a correlation between a positive APT reaction to M. sympodialis 
and the number of IL-4 and IL-5 producing PBMC, whereas the allergen-specific IgE 
levels did not predict the APT outcome, and no correlation was found between IgE levels 
and the APT scores [170]. Thus, the ELISpot method might provide an alternative in vitro 
diagnostic method and serve as an important diagnostic tool, which can reveal a previously 
overlooked impact of M. sympodialis hypersensitivity in certain subgroups of AE patients 
without detectable allergen specific serum IgE [168].

7.2.8  
Future Therapy

Restoring the epidermal-barrier function [171] and avoiding IgE-sensitization are major 
targets for the prevention of AE. As for many other allergic diseases, the therapy of AE is 
currently mainly limited to symptomatic forms of treatment. However, the only therapy 
able to cure IgE-mediated allergic diseases is the allergen-specific immunotherapy (SIT). 
SIT works very well, especially in insect venom allergy [172], but also in patients that are 
monosensitized to a single allergen source, such as single-species pollen [173]. One of the 
reasons for this success is that insect venoms, as well as most pollen, are relatively simple 
allergen mixtures that can be easily standardized. In contrast, fungal extracts are extremely 
complex allergen mixtures and, therefore, difficult to standardize [114, 115]. Consequently, 
the few studies reporting on fungal allergen-specific immunotherapy have been disap-
pointing [174]. From this point of view, there is less hope that Malassezia extracts will be 
useful to cure AE in Malassezia-sensitized patients. However, the availability of a large 
number of M. sympodialis recombinant allergens will allow a patient stratification in terms 



220 G. Gaitanis et al.

of sensitization patterns. This may also allow a component-resolved treatment of these 
patients with mixtures of perfectly standardized single recombinant allergens satisfying 
the requirements for pharmacological use in the future.

7.2.9  
Conclusions

There is a need to improve the diagnostic methods to identify different subgroups of AE 
patients and to dissect underlying pathogenic mechanisms. Our recombinant M.  sympodialis 
allergens will be useful tools in this respect, as well as to determine the future role of tailor-
made immunotherapy for well-defined patients with AE sensitized to Malassezia. By char-
acterizing different molecular structures of the yeast, we will also gain more information 
about the yeast itself and specific host–microbe interactions.
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8.1  
Malassezia Fungemia and Invasive Infections

Athanasios Tragiannidis and Andreas Groll

Malassezia species are rare causes of invasive infections in critically ill low-birth-weight, 
infants and in immunocompromised children and adults. The clinical spectrum ranges from 
asymptomatic infection to life-threatening sepsis and disseminated disease, with 
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Core Messages

 › Malassezia catheter-related fungemia, and invasive infections in critically ill, 
premature neonates and immunocompromised individuals of all ages are issues 
addressed in relation to risk factors, host–pathogen interactions, pathogenesis, 
management, and outcome. The epidemiology of drug resistance of isolates from 
deep tissues, biological fluids, and skin is highlighted by assessing Malassezia 
susceptibility to conventional antifungals, synthetic, and naturally occurring 
compounds. Yet, lack of stan dardization for Malassezia susceptibility testing 
restricts associations of in vitro with in vivo responses to antifungals. The chapter 
also describes the capacity of PCR fingerprinting, pulsed field gel electrophoresis 
(PFGE), and amplified fragment length polymorphism (AFLP) analysis to 
dependably identify nosocomial outbreaks, but concludes that robust analytical 
methods such as multilocus sequence typing (MLST) would be required to resolve 
global Malassezia epidemiological issues.
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intravascular catheters and administration of lipid supplemented parenteral nutrition acting 
as the main risk factors [1–5]. Here, we review the epidemiology, risk factors, pathogenesis, 
clinical manifestations, diagnosis, treatment, and outcome, of invasive Malassezia infec-
tions in humans.

8.1.1  
Epidemiology and Risk Factors

Malassezia species are well recognized as a cause of skin disorders in otherwise healthy 
individuals. However, information on Malassezia fungemia and invasive disease is lim-
ited. The overwhelming majority of invasive infections reported in the literature have been 
associated with M. furfur sensu lato and M. pachydermatis. M. furfur, which is an obliga-
tory lipophilic yeast and a commensal in humans, has been described predominantly in 
conjunction with nosocomial outbreaks in neonatal intensive care units (NICU) and spo-
radically in severely immunocompromised patients. M. pachydermatis, in contrast, is a 
zoophilic yeast mainly associated with otitis externa and seborrhoic dermatitis in dogs. 
M. pachydermatis is only occasionally isolated from human skin, but has been implicated 
in nosocomial infections in hospitalized severely ill neonates [2, 3].

The first case of Malassezia sp. as an etiologic agent of bloodstream infection and sep-
sis was reported in 1981 by Redline et al. [6]; they reported a case of Malassezia pulmo-
nary vasculitis in an infant receiving total parenteral nutrition via an indwelling central 
venous catheter (CVC). Until 1987, only few further reports of Malassezia fungemia in 
infants and adults emerged [7–11]. During the past two decades, however, there have been 
numerous reports on invasive Malassezia infections outbreaks in NICUs, particularly in 
neonates and infants receiving intravenous lipids [2, 12–14]. Cases have also been 
described in immunocompromised children and adults with CVCs, and more rarely, pre-
ceding abdominal surgery and other significant underlying conditions [15–19].

There are limited comprehensive data on the frequency of invasive Malassezia infec-
tions in immunocompromised patients that provide information on the overall clinical rel-
evance of this opportunistic infection. However, studies investigating the colonization of 
central venous lines specifically by Malassezia spp. have demonstrated colonization rates 
of 2.4–32% in critically ill neonates [8, 20, 21] and 0.7% in unselected hospitalized adults 
[22]. Generally, Malassezia infections in bone marrow transplant (BMT) patients appear to 
be uncommon; as of 3,044 BMT patients, only six (0.2%) developed Malassezia infections, 
two of whom were with an involvement of the blood stream [15]. In a study of critically ill 
neonates, eight of 25 consecutively explanted CVCs grew M. furfur, and in one of the 
infants (4%) was found evidence of systemic infection [8]. While only routine blood cul-
tures were utilized in the transplant patients, the study in neonates used media supple-
mented with olive oil, emphasizing the importance of methodological aspects in 
culture-based systematic epidemiological investigations.

Malassezia spp. may be isolated from the skin of 3% of healthy newborn infants, but 
30–64% of hospitalized premature infants become colonized by the second week of life 
[5, 8, 14]. Bell et al. reported isolation of Malassezia yeasts identified then as M. furfur in 
41% of critically ill newborns in the NICU, while less than 10% of hospitalized newborns 
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in a nonintensive care setting were colonized [23]. Likewise, Aschner et al. [8] reported 
that 28% of infants in an NICU were colonized in the first week of life, whereas 84% of 
older infants in the NICU were skin culture positive for M. furfur. These and other data 
[24, 25] indicate that colonization in neonates and infants is associated with low gesta-
tional age, admission to the NICU, and length of hospitalization [26].

Although no systematic data exist on risk factors for invasive Malassezia infections in 
immunocompromised patients beyond the neonatal age, colonization and the presence of 
a central line appear to be obligatory prerequisites for fungemia [1, 3, 15]. The risk factors 
for invasive Malassezia infections in adults, neonates, and infants that are summarized in 
Table 8.1 indicate that while invasive infections may occur sporadically, in the last decade, 
nosocomial outbreaks regarding neonatal M. furfur and M. pachydermatis infections have 
been widely reported. As shown by molecular typing methods, infants become colonized 
by skin contact with parents or healthcare workers, which may further transmit the organ-
ism from an infected or colonized infant to others via their hands [2, 12, 14]. In that case, 

Table 8.1   Summary of predisposing factors reported in the scientific literature, and putative  clinical 
and laboratory criteria for the diagnosis of Malassezia systemic infections

Predisposing factors Certainty of diagnosis

Low High

Adults and 
children

Crohn’s disease and 
various other chronic 
illnessesa, CAPD, 
intensive care and high 
APACHE score, 
immunosuppresion, 
CVC, TPN with LS, 
long term administration 
of antibiotics, invasive 
surgical procedures

Persistent fever 
unresponsive to 
antibiotics; 
eucocytosis/
leucocytopenia, 
thrombocytopenia; 
identification of 
Malassezia point source 
nosocomial epidemic; 
negative microscopy 
and culture

Positive microscopy for 
yeasts with Malassezia 
morphology in Gram/
Giemsa-stained smear of 
buffy coat or blood drawn 
through the CVC or 
involved tissue and/or 
positive culture

Infants Comorbidities of 
prematurity, admission 
to neonatal intensive 
care unit, use of 
broad-spectrum 
antibacterial treatment, 
prolonged TPN with LS, 
CVC, use of soybean oil-
containing creams

Persistent fever 
unresponsive to 
antibiotics; 
leucocytosis/
leucocytopenia; 
thrombocytopenia; 
cluster of invasive 
Malassezia cases in 
neonatal ICU; negative 
microscopy and culture

Positive microscopy for 
yeasts with Malassezia 
morphology of buffy coat 
Gram/Giemsa-stained 
smear of blood drawn 
through the CVC and/or 
positive culture

aRequire case controlled studies for further evaluation
CAPD chronic ambulatory peritoneal dialysis; APACHE acute physiology and chronic health eval-
uation; CVC central venous catheter; TPN total parenteral nutrition; LS lipid supplementation; ICU 
intensive care unit
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patient-to-patient transmission may be effectively interrupted by improving hand-washing 
practices [12]. Other outbreak investigations have shown that Malassezia yeasts can also 
persist for prolonged time on incubator surfaces (Chap. 8.3), providing an additional 
source for continued transmission [27].

8.1.2  
Host–Pathogen Interactions

Little is known about virulence factors and host immune responses in invasive Malassezia 
infections. Malassezia yeasts are able to exist in both yeast and mycelial forms; can grow 
under microaerophilic and anaerobic conditions; and can adhere and form biofilms on the 
surfaces of different materials [9, 28, 29]. They have an exceptionally thick cell wall in 
comparison with other yeasts with an additional lipid layer on the outside, which appears 
to be important for the organism’s ability to suppress cytokine release, and down-regulate 
phagocytic uptake and killing. They also produce a range of enzymes and metabolites, 
including azelaic acid, which has been shown to decrease the production of reactive oxy-
gen species (ROS) in neutrophils [28]. While these factors are in support of the general 
ability of the organism to cause invasive disease, their biological relevance in vivo remains 
to be elucidated.

At present, it is unclear which components of the immune system are most important 
in the host’s defense against invasive infections. Studies examining cellular and humoral 
immune responses specific to Malassezia species in patients with superficial Malassezia-
associated diseases and healthy controls have generally been unable to define significant 
differences in their immune response. Malassezia may stimulate the reticuloendothelial 
system and activate the complement cascade, but may also suppress cytokine release 
and down-regulate phagocytic uptake and killing. It appears that the lipid-rich external 
layer of the organism is pivotal in this alteration of phenotype. Thus, elucidating the 
nonspecific immune response to Malassezia species may be key to a better understand-
ing of how these organisms live as commensals and yet can rarely cause invasive dis-
eases [28].

8.1.3  
Pathogenesis of Invasive Infections

Likely due to the sporadic nature of invasive infections, no clinical studies have addressed 
the immunological predisposition and responses to Malassezia in critically ill neonates or 
in immunocompromised children and adults [28]. Most patients had a serious underlying 
disease affecting the overlapping components of host responses; had an indwelling vas-
cular access; and had received parenteral nutrition containing lipid emulsions (Table 8.1). 
As evidenced by outbreak investigations, the cutaneous commensal flora of patients or 
health care workers is the usual source of infection [2, 12, 14]. Apart from contamination 
during insertion, or following administration of a contaminated parenteral solution, cath-
eters may become infected by migration of organism from the exit site along the outer 
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catheter wall or from the hub through the lumen of the catheter. Adherence of the organ-
ism to the catheter lumen with consequent biofilm production results in local replication 
and shedding of the organism in the blood [9, 26, 28–31]. Microbial and host factors may 
play a role in localizing the organisms to the catheter or in progression to fungemia and 
clinical sepsis [18, 20]. However, even if host defenses are able to clear the organism 
from the blood, the infection may not be resolved until the catheter is removed.

Similar to catheter-related candidemia [32], catheter-related Malassezia fungemia has 
been associated with administration of parenteral lipid emulsions. While the exact mecha-
nisms of this association are unclear, it is conceivable that lipids administered through the 
catheter may provide a growth advantage for Malassezia [12, 14, 33]. On the other hand, 
parenterally administered lipids may negatively affect host immunity by blocking the 
reticuloendothelial system, reducing the generation of reactive oxygen species (ROS), 
which are shown to decrease phagocytosis by neutrophils in vitro, thus contributing to 
clinical disease [28].

8.1.4  
Clinical Manifestations

The clinical signs and symptoms of Malassezia fungemia and sepsis are generally non spe-
cific. Depending on the severity of the infection, the most commonly reported symptoms in 
critically ill, premature infants have been fever and respiratory distress; other, less frequent 
symptoms include lethargy, bradycardia, hepatomegaly, splenomegaly, seizures, and cyano-
sis [14, 31, 34]. Respiratory distress may result from pneumonia or bronchopneumonia, 
with an interstitial appearance on radiography. The main laboratory findings in this setting 
are leukocytosis or leukopenia, and thrombocytopenia. Affected patients usually are prema-
ture, low birth weight infants with multiple comorbidities, extended hospitalization, CVCs, 
and parenteral nutrition including lipid emulsions [2, 7, 10, 12, 35, 36].

Catheter-associated Malassezia fungemia is sporadic in immunocompromised children 
and in adults, and consequently, clinical manifestations are not as well described as in 
infants. Fever appears to be universal [31]; other symptoms and findings may include 
chills and rigors, myalgia, nausea and vomiting, respiratory distress with or without apnea, 
pneumonia, leukopenia, thrombcytosis, and less frequently, leukocytosis [1, 3, 15, 30]; 
signs of exit site inflammation are uncommon [1]. Similar to the neonatal setting, the most 
common patient profile includes prolonged hospitalization, the presence of CVCs, and the 
use of intravenous fat emulsions [1, 3, 15, 17]. Patients reported in literature presented 
with a variety of underlying diseases such as bowel surgery, Crohn’s disease, hemorrhagic 
pancreatitis, cancer and bone marrow transplantation [1, 15, 16, 18, 37, 38]. However, 
individual cases without the typical risk factors have been reported [39, 40].

Catheter-associated Malassezia fungemia may result in embolic-metastatic infection of 
the heart and the lungs, and less frequently, dissemination to other organs such as the skin, 
the kidneys, the pancreas, the liver, the spleen and the brain [26, 34, 41]. Histopathologic 
changes include mycotic thrombi around the tips of catheters, vegetations on the endocar-
dium, septic inflammatory lesions in the heart and the lungs [6, 34, 42]. Reported invasive 
Malassezia infections other than fungemia include individual cases of Malassezia mastitis, 
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thrombophlebitis, sinusitis, malignant otitis externa, meningitis, septic arthritis, soft tissue 
abscesses, and catheter-associated peritonitis, in continuous ambulatory peritoneal dialysis 
patients [43–46].

8.1.5  
Laboratory Diagnosis

As Malassezia yeasts represent an uncommon cause of fungemia and sepsis, a high index of 
suspicion is needed to diagnose the infection. However, while Malassezia fungemia has 
been increasingly recognized over the past two decades, its frequency may in fact be higher 
as the current clinical data suggest. Detection is complicated by the organism’s lipid-depen-
dent nature as most routinely used media do not support its growth [33, 43]. Use of lipid 
supplemented media may be warranted in certain specimens, especially if cultures appear 
sterile on routine media, and yeasts have been observed on microscopy. The patient group 
where this may be most appropriate are critically ill premature neonates receiving parenteral 
lipid emulsions through central venous lines. Supplementation of blood culture bottles with 
palmitic acid has been shown to improve recovery of Malassezia in this patient group [43].

Malassezia species can be detected in blood and other specimens by direct micro-
scopic examination, by culture, and by molecular methods [33]. Examining Giemsa- or 
Gram-stained smears of blood or buffy coat of blood specimens (Table 8.4) obtained 
through the catheter is helpful and may provide the clue to culture the specimen on 
lipid-enriched fungal medium that supports growth of Malazzesia yeasts [33, 43, 47] 
(Chap. 2.1). Sabouraud agar supplemented with olive oil has been frequently used for 
this purpose. However, because only M. furfur and M. pachydermatis grow easily on 
this medium, other species such as M. sympodialis may be missed, as suspected in two 
cases of heart infection in Martinique with positive smear examination but negative 
cultures (Fig. 8.1) (N. Desbois, unpublished data). Furthermore, the time it takes to 
culture Malassezia (5 days and longer, dependent on the species) hinders rapid diagno-
sis, thus molecular methods can be an alternative diagnostic approach [48, 49]. A pro-
posed PCR assay [49] used to detect blood culture-proven M. furfur fungemia in only 
four patients was of low sensitivity (25%). Therefore, improvement in sensitivity, stan-
dardization of the PCR assay, and thorough evaluation are issues that have to be resolved 
before employing it in the clinical setting.

8.1.6  
Clinical Management

Because invasive Malassezia infections are rare and larger patient series are lacking, evi-
dence-based treatment recommendations cannot be made. However, based on the associa-
tion of the disease with CVCs and the ability of the organism to produce biofilms [9, 29], 
there is general consensus that the management of Malassezia-related fungemia and sepsis 
requires the prompt removal of any indwelling catheter, in addition to intravenous antifungal 
therapy, and less clear, the temporary discontinuation of parenteral nutritional lipid solutions 
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[33]. In vitro studies of superficial and invasive clinical Malassezia isolates consistently 
demonstrate susceptibility to amphotericin B and the triazoles, whereas flucytosine and the 
echinocandins appear to be inactive [30, 43, 50–53]. Thus, in the absence of experimental 
and comparative clinical data and based on the clinical experience with invasive Candida 
infections, fluconazole or voriconazole may be rational first-line options for antifungal che-
motherapy with an amphotericin B product as back-up for refractory or life-threatening 
infections. While the duration of treatment has not been defined, we would advocate a course 
of 14 days of effective antifungal therapy after the last positive blood culture and catheter 
removal as recommended for invasive Candida infections [31, 32], and optional switch from 
initial intravenous to oral therapy depending on the individual patient’s clinical response.

8.1.7  
Outcome

Very little is known about the detailed morbidity and mortality of invasive Malassezia 
infections. While clearly, Malassezia can cause severe disease [38] and fatal cases have 
been reported in untreated patients [34, 54], available series of catheter-associated fungemia 
in premature neonates [2, 12] and in immunocompromised non-neonatal patients [1, 15] 
suggest low attributable mortality with appropriate management.

Fig. 8.1   Direct microscopy of a mitral valve apposition, showing typical ovoid Malassezia yeasts 
May-Grunwald-Giemsa stained ×1,000 (courtesy of Nicole Desbois, Fort de France, Martinique)
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8.2  
Antifungal Susceptibility Testing

Aristea Velegraki

8.2.1  
Rationale for Malassezia Susceptibility Testing

Antifungal susceptibility testing describes the in vitro response of a fungus to an antifungal 
agent at concentrations comparable to those achievable in blood or tissue by an antifungal 
drug administered at the recommended dose. Susceptibility testing is warranted for 
Malassezia yeasts, because they are involved in or trigger dermatoses and occasionally 
cause bloodstream and deep seated infections in humans (Chapt. 8.1). These conditions 
necessitate antifungal treatment. Therefore, studying Malassezia susceptibility to antifun-
gal agents could identify potential resistance profiles. Overall, susceptibility data, if 
recorded by a standard method, could provide clinically useful information on the 
Malassezia epidemiology of resistance [55] in hospitals where ICU or NICU outbreaks 
have occurred, and supply critical data on the in vitro potency of new antifungal agents.

This section describes the current methods used to detect and quantify antifungal agent 
activity as well as their limitations. Furthermore, it highlights the need for standardizing 
susceptibility testing for Malassezia species. Finally, it outlines conventional and novel 
methods for in vitro investigations, bioassay testing of new antifungal agents, as well as 
testing new formulations of established antifungals against Malassezia yeasts.

8.2.2  
Standard Methods and Selection of Malassezia Colonies for Susceptibility Testing  
from Mixed Blood Cultures and Skin Specimens

Standardized microdilution susceptibility testing for yeasts is a recent, yet a rapidly evolv-
ing, modus operandi. In addition to the current Clinical and Laboratory Standards Institute 
(CLSI) susceptibility testing standard, [56] the Subcommittee on Antifungal Susceptibility 
Testing (AFST) of the European Committee for Antimicrobial Susceptibility Testing 
(EUCAST) has also recently proposed a standard testing scheme for yeasts [57]. Nevertheless, 
these methods cannot be directly applied on Malassezia, as media and test conditions are 
still not standardized and appropriately evaluated. This is due to (a) the low rating of these 
yeasts as systemic pathogens, which impaired intense and methodical interlaboratory assess-
ment of test parameters; and (b) the lipophilic nature of the majority of Malassezia species 
that has encumbered assessment of suitable growth substrates for reliable and reproducible 
susceptibility testing.

In addition to standardization of media and test parameters, critical in obtaining consis-
tent susceptibility results for any tested pathogen, is selection of single species colonies 
grown in cultures of clinical specimens. This is of key significance in testing Malassezia, 
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as mixed species may be isolated from pathological specimens together with bacteria and 
Candida species that inhabit normal and diseased, human and animal skin. Besides mixed 
cultures that are obtained from skin specimens, mixed Malassezia sp. with Candida sp. or 
bacteria can also grow in blood cultures of high-risk (Sect. 8.1) pediatric and adult patients. 
In these cases, Malassezia colonies are frequently missed, as growth, even of M. furfur, 
may be very weak and colonies rare due to the lack of supplements required for growth of 
lipophilic Malassezia species. Malassezia colonies may be also missed due to the presence 
of antagonistic Candida yeasts or bacteria, the growth of which is better supported by 
standard blood culture media. In suspected cases of a yeast infection in high-risk patients, 
the choice of specialized mycological vials is critical for potential Malassezia co-isolation. 
In our experience, the BACTECTM Myco/F lytic culture vials, with brain heart infusion 
broth, glycerol 0.10% w/v and Tween 80 0.0025% w/v, provide better growth support for 
M. furfur and M. sympodialis (A. Velegraki, unpublished observation). Therefore, differen-
tiation of Malassezia cells from the prolific cells of Candida sp., which may co-isolate, is 
facilitated in the Gram-stained smears that are prepared directly from the vials. Consequently, 
this guides the laboratory to include modified Dixon’s or Leeming-Notman agar in the 
subsequent subcultures to promote Malassezia growth.

Generally, in skin specimen cultures, it is imperative to confirm that there are single 
isolates of each Malassezia species before susceptibility testing. However, complete con-
ventional identification (Chap. 2.1), comprising physiological and biochemical tests, as 
well as molecular identification are lengthy procedures (see Chap. 3.1). It would therefore 
be clinically realistic to pursue susceptibility testing after initial differentiation of each 
isolate from a mixed culture by microscopy, and to ascertain that cultures are free of bac-
teria by the rapid Bacto urea test as described in Chap. 2.1. Then, following subculture in 
Malassezia selective media, pure cultures of each isolate can be obtained, and susceptibil-
ity testing using single colonies can be performed in parallel with comprehensive molecu-
lar identification procedures.

8.2.3  
In vitro Response of Malassezia Yeasts to Antifungal Agents

Hitherto, the susceptibility testing methodologies employed for the majority of Malassezia 
species have varied significantly, ranging from agar diffusion methods to modified CLSI 
broth microdilution methods using fatty acid RPMI (faRPMI) broth, modified Christensen’s 
urea broth (mCUB) and modified Leeming-Notman (mLN) broth (Table 8.2). Yet, there are 
still no published trials on the in vitro response to established and newer antifungals of the 
recently recognized species M. nana, M. caprae and M. equina. Also, limited data exist on 
Malassezia species susceptibility against the expanding array of topical imidazole deriva-
tives [58–61] and the oral triazole derivatives [50, 62, 63]. Even fewer reports cover the 
in vitro performance of broad-spectrum hydroxypyridone-derived synthetic topical antifun-
gals [64, 65], the natural sesquiterpenoids [66], and essential oils, such as tea tree oil [67].

Despite scarcity of susceptibility data extracted thus far from nonstandardized microdi-
lution and agar diffusion methods, there is an emerging pattern indicating possible species-
dependent azole and allylamine (terbinafine) responses (Table 8.3). Even earlier [51], 
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in vitro data generated from agar dilution methods have identified terbinafine tolerance 
among strains of M. furfur, M. globosa and M. obtusa, and good M. sympodialis terbinafine 
response. Similar in vitro species-dependent responses have been noted with the polyene, 
amphotericin B [63]. Specifically, the mCUB (Table 8.2) microdilution method [68, 69] 
identified strains of M. globosa and M. restricta with poor response to voriconazole, itra-
conazole and ketoconazole (MIC ³ 8 mg/mL). The faRPMI microdilution method [63] rec-
ognized strains of M. globosa, M. restricta and M. furfur with poor response to fluconazole 
(MIC ³ 64 mg/mL), terbinafine (MIC ³ 1 mg/mL) and amphotericin B (MIC ³ 8 mg/mL), 

Table 8.2   Antifungal drugs tested against Malassezia yeasts by agar dilution and broth microdilu-
tion methods and by corneofungimetry bioassays

Description of methods 
and media

Malassezia species 
studied

Drugs tested References

MIC, MFC, time-kill [66, 
87] and synergy assays [88]

Solid-phase susceptibility in vitro assays

Agar dilution method in 
mDA, mLNA

M. furfur, 
M. sympodialis, 
M. slooffiae, 
M. restricta, 
M. globosa, 
M. obtusa, 
M. dermatis, 
M. japonica, 
M. pachydermatis

Amphotericin B, 
fluconazole, itraconazole, 
pramiconazole (research 
code: R126638), 
ketoconazole, luliconazole 
(research code: NN-502), 
terbinafine, rilopirox, 
Tea tree oil

[5, 16–18, 
21, 34, 
51, 59, 
64, 71, 
80–82, 
87–90]

Liquid-phase susceptibility in vitro assays

CLSI M27 A; M27 A2; 
M27 A3 [56] broth 
microdilution in faRPMI 
1640, mCUB [68, 69, 91] 
and mLN, [52, 77] 
mCUB supplemented 
with phenol red [82] and 
LNB supplemented with 
Alamar blue [50]

M. furfur, 
M. slooffiae, 
M. sympodialis, 
M. globosa, 
M. dermatis, 
M. obtusa, 
M. restricta,
M. yamatoensis, 
M. japonica,
M. pachydermatis

Amphotericin B, fluconazole, 
itraconazole, terbinafine, 
voriconazole, posaconazole, 
albaconazole, bifonazole, 
miconazole, econazole, 
ketoconazole, luliconazole 
(research code: NN-502), 
ciclopirox olamine, 
xanthorrhizole, Tea tree oil

[50, 52, 
61, 66,
67, 69, 
70, 72,  
76–80, 
87, 88, 
91, 99]

Bioassays

Corneofungimetry in 
cyanoacrylate skin 
surface strippings 
(CSSS) [92]

M. furfur, 
M. globosa, 
M. restricta

2% Ketoconazole gel and 
ream with or without topical 
corticosteroid (desonide) 
adjunct, 1% terbinafine, 
pramiconazole (research 
code: R126638)

[84, 86, 92]

MIC minimum inhibitory concentration; MFC minimum fungicidal concentration; mDA modified 
Dixon’s agar; mLNA modified Leeming-Notman; faRPMI 1640 fatty acid RPMI 1640; mCUB 
modified Christensen’s urea broth; LNB Leeming-Notman broth
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whereas increased fluconazole MIC (16 mg/mL) was noted for M. pachydermatis and 
increased terbinafine MIC (4 mg/mL) for M. dermatis. Interestingly, M. globosa strains 
have also been reported with MICs of itraconazole (16 mg/mL), voriconazole (³16 mg/mL) 
and fluconazole (³64 mg/mL) when tested by microdilution in mLN broth [52]. These high 
MIC values are indicative of tolerance to these drugs.

It is important to emphasize that the broth microdilution azole and terbinafine MIC data, 
compiled in Table 8.3, represent values reported by independent research groups using dif-
ferent test media, inocula ranging from 2.5–4 × 103 [52, 63, 70] to 106 [68, 69] and incuba-
tion times varying from 72–96 h [63, 70] to 168 h, [52, 68] depending on the growth rate 
of each Malassezia species. Furthermore, incubation times also depended on the ability of 
the test medium used in each protocol to support optimum growth for each Malassezia spe-
cies. Likewise, lower inoculum size, in conjunction with using RPMI 1640 as test medium, 
could explain the lower MIC values compared to those recorded for Malassezia species 
tested in the mCUB substrate. Variable intraspecies in vitro responses of Malassezia strains 
to antifungals is indeed to be expected; nonetheless, definitive conclusions on potential 
species-specific response to antifungals can be reached once test media and conditions are 
evaluated using a panel of reference strains in a quality control interlaboratory exercise.

It is noteworthy that faRPMI and mCUB, used so far in broth microdilution tests, assay 
different properties. First, microdilution susceptibility testing in RPMI denotes growth inhi-
bition with no color reaction designating growth. Therefore, reading MIC endpoints can be 
difficult due to medium turbidity caused by the lipid supplements and the button-like growth 
in the bottom of the microtitre plate wells [53, 63, 69]. Because of this, M. pachydermatis 
minimum fungicidal concentration (MFC) readings are following MIC readings through 
subcultures from each well into potato dextrose agar (PDA) plates, after incubation for 2–5 
days at 32°C [69]. Application of this procedure to lipophilic Malassezia species, using 
selective media such as modified Dixon’s agar may prove useful. Second, susceptibility 
testing using mCUB measures metabolic activity. The reported M. pachydermatis negative 
broth urease test (34.4%) among 32 veterinary isolates, [71] requires further consideration 
regarding the impact of mCUB in reading M. pachydermatis MICs. Therefore, besides 
screening isolates for urease activity to ensure pure Malassezia cultures before performing 
susceptibility studies, the test would also account for each pure isolate’s urease activity.

Overall, the primary objective of susceptibility testing is the recognition of resistance to 
help selection of targeted therapy. The contribution of drug resistance in high relapse rate 
reported for pityriasis versicolor (PV) [62, 72, 73] is not yet evaluated. This high relapse 
rate is often attributed to lack of patient compliance [74] rather to treatment failure, but in 
the absence of a standardized susceptibility assay for Malassezia yeasts, correlation of 
in vitro susceptibility data with treatment outcome cannot be supported.

8.2.4  
New Formulations and Newer Antifungal Agents

In the last decade, a number of new formulations of established broad-spectrum antifun-
gals with prominent anti-Malassezia activity have been introduced and clinically  evaluated 
[75]. In addition, new azoles and other compounds have so far been evaluated for either 
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in vitro or in vivo anti-Malassezia activity (Table 8.4) as well as for topical preparations 
used in the veterinary field [76].

8.2.5  
Malassezia Susceptibility to Synthetic and Naturally Occurring Compounds

8.2.5.1  
Ciclopirox olamine

Ciclopirox is a hydrophobic broad-spectrum antifungal agent with anti-inflammatory 
properties that has been tested by broth microdilution against M. furfur. The compound is 
reported [77] with low MICs (range 0.001–0.25 mg/mL). Independent clinical trials have 
shown that ciclopirox 1% shampoo is a safe agent that improves scalp SD [78, 79]. 
However, there are no studies correlating the in vivo Malassezia yeast responses to 
ciclopirox shampoo with MIC values.

8.2.5.2  
Rilopirox

The in vitro activity of rilopirox has been evaluated against M. furfur clinical strains from 
dandruff, PV, and SD, by microdilution and the agar dilution method [64]. Reported agar dilu-
tion method and microdilution MICs range from 12 to 50 mg/mL and from 16 to 128 mg/mL, 
respectively. The clinical relevance of the in vitro rilopirox performance against Malassezia 
yeasts remains to be clarified.

Families of antifungal agent or 
compound

Antifungals References

Topical imidazole derivatives Anhydrous ketoconazole gel
Eberconazole
Lanoconazole
Luliconazole

[75, 100, 93]
[58]
[60]
[59, 61]

Oral triazole derivatives Albaconazole
Posaconazole
Pramiconazole

[50]
[63]
[85, 97]

Topical synthetic hydroxypyridones Ciclopirox
Rilopirox

[64]
[65]

Natural sesquiterpenoids Xanthorrhizol [66]

Essential oils Australian tea tree oil [67]

Cationic antimicrobial polypeptides Cathelicidin [83]

Table 8.4   New imidazole formulations, synthetic and naturally occurring compounds evaluated for 
anti-Malassezia activity
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8.2.5.3  
Xanthorrhizol

Xanthorrhizol, is an active component methanol extracted from the rhizome of Curcuma 
xanthorrhiza (Zingiberaceae) that is traditionally used in Indonesia for medicinal purposes. 
Its in vitro anti-M. furfur and M. pachydermatis activity was recently evaluated [66] by a 
modified CLSI microdilution method. MICs, MFCs, as well as time-kill curves have been 
determined. The MFCs were 5 mg/mL for M. furfur and 2.7 mg/mL for M. pachydermatis, 
whereas time kill readings showed that 25 mg/mL and 20 mg/mL kill 100% of the M. furfur 
and M. pachydermatis inoculated cells, in 5 h and in 20 min respectively. Again, the clini-
cal relevance of these in vitro findings has yet to be evaluated.

8.2.5.4  
Australian Tea Tree Oil

Susceptibility data on the essential oil of Melaleuca alternifolia are limited. Yet, there are data 
on the in vitro activity of tea tree oil, generated by agar dilution and modified CLSI microdilu-
tion methods [80] showing good in vitro activity against M. furfur, M.  sympodialis, M.  slooffiae, 
M. globosa, M. obtusa and M. pachydermatis [81] (MIC range for all Malassezia species 
tested by both methods: 0.03–0.25 mg/mL). It has been estimated that the recorded MICs are 
below the therapeutic concentrations (5–10% solutions or concentrated Tea tree oil [82]).

8.2.5.5  
Cathelicidin

Indeed, the activity of cathelicidin is not tested by traditional susceptibility methods, yet, it is 
included herein as its quantifiable activity provides new insight into therapeutic approaches of 
Malassezia-induced skin diseases. The cathelicidin antimicrobial peptides have been isolated 
from many different mammalian species and play an important part in innate immune 
responses against bacterial infections. M. furfur susceptibility to synthetic and human (LL-37) 
antimicrobial peptides has been recently studied [83]. It has been shown that the normally 
expressed cathelicidins are processed to active peptides in skin biopsies of patients with PV.

8.2.6  
Corneofungimetry: A Bioassay Predicting Drug Efficacy

Ketoconazole is an established, potent broad-spectrum oral antifungal with known auxiliary 
anti-inflamatory, antiseborrheic, and antiproliferative properties that significantly  contribute 
in relieving the symptoms of seborrheic dermatitis (SD) (also referred to as seborrhoic eczema) 
(Chap. 7.1). However, its hepatotoxicity has led to the development of topical formulations 
(creams shampoos and powders) containing different ketoconazole concentrations. The 
in vitro activity of other topical imidazoles and oral azoles that have been developed in the 
recent years (Table 8.4) has been evaluated by non-standard agar dilution or microdilution 
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susceptibility testing (Table 8.3). Nevertheless, predicting clinical activity, even after testing 
susceptibility with standard methods, may be unsound due to the variable host responses to 
treatment and to the variable fungal load in the sites of infection. Correlating in vitro with 
in vivo and ex vivo results would therefore give a more pragmatic view on a drug’s efficacy. 
In that respect, bioassay methods, such as corneofungimetry, can complement in vitro suscep-
tibility testing to offer clinically realistic data on the topical or oral efficacy of antifungals.

Corneofungimetry [84, 85] utilizes the finding [62] that Malassezia yeasts can grow ex 
vivo on sebum-coated human corneocytes. By testing human stratum corneum specimens 
from patients undergoing topical or oral treatment, the individualized therapeutic response 
and the drug levels achieved in the stratum corneum can be determined.

Interestingly, corneofungimetry bioassays against M. furfur, M. globosa, and M. restricta 
have shown that the efficacy of the new topical 2% ketoconazole gel alone, and in combi-
nation with low-potency topical corticosteroids such as 0.05% desonide [86], which is 
used for the treatment of Malassezia-aggravated atopic dermatitis (AD also referred to as 
atopic eczema), instigates good clinical outcome. Similarly, good therapeutic response has 
been observed in patients with Malassezia-associated SD by a single 200 mg pramicon-
azole dose [84, 85]. This entailed reduction of the pre-treatment Malassezia yeast popula-
tion at the sites of infection by approximately one-third on day seven post-treatment [85]. 
Assessment of the published data so far indicates that corneofungimetry bioassays can 
generate clinically useful data by essentially evaluating the levels achieved in the stratum 
corneum of patients under treatment. However, these data may not safely predict the dura-
tion of treatment for chronic or well-established infections.

8.3  
Molecular Epidemiology of Nosocomial Outbreaks

Teun Boekhout

The epidemiology of nosocomial outbreaks caused by M. furfur and/or M. pachydermatis 
has been studied only in a few cases by molecular biology methods. An outbreak at a neona-
tal intensive care unit (NCIU) ward in a Dutch hospital has been studied by means of pulsed 
field gel electrophoresis (PFGE) and RAPD analysis [27, 94]. It is important to note that this 
outbreak was caused by both M. pachydermatis and M. furfur, which, as far as we know, has 
not been reported elsewhere. Outbreak isolates of both species were studied by RAPD using 
prokaryotic repeat consensus primers based on enterobacterial repetitive intergenic consen-
sus (ERIC) or repetitive extragenic palindrome (REP) motifs and PFGE, and the resulting 
banding patterns were compared with a set of reference isolates from the reference collection 
of CBS Fungal Biodiversity Centre (www.cbs.knaw.nl). Primers ERIC IR, ERIC2, REP1R-I 
and REP2 generated identical banding patterns for the outbreak isolates, when compared to 
those of the reference strains that showed some variation [27]. Karyotyping of intact chro-
mosomes with PFGE, however, identified minor chromosomal length variation in outbreak 
and reference isolates alike, suggesting involvement of  different strains in the outbreak. This 
supposition, however, was challenged by the RAPD-generated data that showed no genetic 
diversity in the outbreak isolates, whereas some diversity was present in the reference strains. 

http://www.cbs.knaw.nl
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It was therefore concluded that the outbreak was, most likely, caused by a single strain. As 
also discussed in Chap. 3.1., it seems that PCR typing is a more sensitive epidemiological 
tool than PFGE. The outbreak was controlled by improving hygiene measures in the NICU. 
In this case, no attempt was made to identify the source of the outbreak.

In another M. pachydermatis outbreak in a NICU in the USA, pulsotyping of HaeIII digested 
chromosomes indicated that the banding patterns of all 15 isolates obtained from the neonates 
were identical, and these also matched those from isolates obtained from a health care worker 
and those from his pet dog. The authors concluded, although with some uncertainty, that M. 
pachydermatis was most likely introduced into the ward through the colonized hands of dog-
owner health care workers who subsequently transmitted it from patient to patient. Similar to 
the outbreak in the Dutch hospital, improvement of hygiene measures, such as meticulous hand 
washing practices and use of a new pair of disposable gloves while caring for each neonate, 
eliminated the outbreak [12]. Contrary to the evidence for the aforementioned outbreaks that 
have been attributed to a single strain, two other outbreak reports that occurred in two distinct 
geographic locations indicate involvement of multiple M. pachydermatis strains.

RAPD typing of 14 catheter-related outbreak isolates from different patients in a 
Sweedish NICU, demonstrated genetic heterogeneity, whereas M. pachydermatis isolates 
from different body sites of the same neonate yielded the same banding pattern. The inves-
tigators also assumed that the neonates were either initially colonized by M. pachyderma-
tis from the skin of their parents, or from the hands of nursing staff, and that, subsequently, 
infection occurred via permanent catheters [2]. Using amplified fragment length polymor-
phism (AFLP) analysis (Fig. 8.2) of nine isolates of M. pachydermatis, originating from a 
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Fig. 8.2   Genetic variation, as determined with amplified fragment length polymorphism (AFLP), 
of a series of isolates from a nosocomial outbreak and reference strains from a culture collection. 
Note that the amount of genetic variation is similar to that of the genetically nonrelated reference 
strains, thus indicating that multiple isolates were involved in the outbreak
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nosocomial outbreak in a USA-based hospital, some genetic diversity was observed, simi-
lar to the level present in a number of reference isolates obtained from dogs, but from 
different geographical regions [95].

8.4  
Conclusions

Over the past two decades, Malassezia has been increasingly recognized as cause of cath-
eter-associated fungemia in critically ill premature neonates and immunocompromised 
individuals of all ages. However, since many routine blood culture systems do not effec-
tively support its growth in vitro, the incidence will most likely be even higher as current 
clinical data suggest. A high index of suspicion is required to recognize Malassezia species 
as cause of invasive infections. Microbiological diagnosis still relies on the growth of the 
organism in appropriate culture media, but molecular methods offer some hope for 
improved detection, thus contributing in collecting consistent epidemiological data in the 
near future. While no evidence-based treatment recommendations can be made, systemic 
therapy with antifungal triazoles or amphotericin B and removal of indwelling devices are 
considered the cornerstones of clinical management.

As Malassezia-induced or exacerbated infections require systemic and/or topical anti-
fungal chemotherapy, susceptibility testing represents a sine qua non clinical laboratory 
procedure. Thus far, testing protocols by agar dilution and broth microdilution formats 
imply possible M. restricta, M. globosa and M. sympodialis resistance to certain azole 
drugs. Systematic studies correlating clinical outcome with susceptibility results would 
elucidate this point, as the existing sporadic data do not sponsor definitive conclusions. 
However, standardization is needed, for it is obvious that appropriate validation is required 
before adopting a susceptibility assay intended for patient care and welfare. Susceptibility 
testing is a highly controlled procedure. As with any assay, its stochastic nature subjects it 
to random strain and procedures-related events, which may lead to erroneous results. 
Clinical relevance of susceptibility results for topical and oral agents targeting the skin can 
be assessed with standardized susceptibility testing procedures, co-evaluated with pharma-
codynamic and pharmacokinetic studies in natural systems such as the human stratum 
corneum. Besides the impact of Malassezia susceptibility testing assays in the clinical 
domain, routine performance of standardized testing would also provide useful informa-
tion on the epidemiology of resistance to antifungal agents in the hospital and in the 
community.

Evidence thus far supports the hypothesis that Malassezia-related nosocomial outbreaks 
in neonatal wards can be caused by either a single or multiple M. pachydermatis strains. 
The only M. furfur outbreak that was studied by molecular means was, most likely, caused 
by a single strain.

From the foregoing discussion, it is clear that different methods have different resolu-
tion capacities, and, consequently, the generated epidemiological data are interpreted 
accordingly. Based on our experiences, PCR-fingerprinting methods using ERIC or REP 
primers, as well as AFLP may be preferred over PFGE. The main disadvantage of these 
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fingerprint methods is the lack of time-spatial reproducibility thus impeding objective 
comparison of the results. A promising method, which, unfortunately, has not yet been 
used in epidemiological studies of Malassezia-related outbreaks, is the multilocus 
sequence typing (MLST) in which several housekeeping genes (usually up to 7–10) are 
being sequenced across all available isolates [96–101]. We foresee the future development 
of a MLST-typing scheme of Malassezia species that may be coordinated by the ISHAM 
working group on Malassezia. The main advantage of MLST is that the results are reliable 
and reproducible. Another advantage is that storing of the MLST data in a central deposi-
tory, such as the http://www.mlst.net, will make it possible for other investigators, epide-
miologists, and clinicians to compare isolates from their studies. Finally, if a sufficient 
body of epidemiological data is generated, our global Malassezia epidemiological per-
spective will improve.
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9

Core Messages

The recent sequencing of the genomes of dandruff-associated basidiomycetous  ›
yeasts, Malassezia globosa and Malassezia restricta, disclosed that the  
M. globosa genome is among the smallest for a free-living fungus. M. globosa 
produces a similar set of secreted hydrolases as the human pathogen Candida 
albicans. Although phylogenetically more closely related to the plant pathogen 
Ustilago maydis, M. globosa produces a different set of secreted hydrolases, 
which is a likely adaptation to the host niche and may be involved in 
pathogenicity. M. globosa is apparently missing several enzymes in fatty acid 
metabolism, including fatty acid synthase, D9 desaturase, and D2,3 enoyl CoA 
isomerase. The two former enzymes are apparently missing also in another skin 
microbe, Corynebacterium jeikeium. M. globosa has six lipase genes in each of 
two lipase families, which, compared with the lipases from a related fungus  
U. maydis, had undergone duplications since divergence from the Ustilago-
containing lineage. There is also evidence for duplication of other M. globosa 
genes for secreted enzymes such as aspartyl proteases, phospholipases C, and 
acid sphingomyelinases. The M. globosa genome encodes proteins similar to all 
Malassezia allergens, the coding sequences of which have been isolated, and genes 
associated with mating, although mating has not yet been observed in Malassezia.
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9.1  
 Introduction

Malassezia and their role in dandruff and seborrheic dermatitis (SD) are of particular inter-
est, as elucidation of pathogenetic mechanisms would instigate research into more effec-
tive treatments (Fig. 9.1).

Until recently, very little was known about the Malassezia genome. A recent report [1] 
on the genome sequences of M. globosa and M. restricta has brought new insights into the 
pathogenic capacity of these organisms. In this chapter, it is not our goal to repeat the 
results described in that paper and its 52-page supplementary material. Instead, we will 
provide additional perspective to the conclusions of that paper as well as some additional 
insights gleaned from the genome sequence.

Malassezia spp. are considered to have an essential role in dandruff and SD [2], although 
Koch’s postulates have not been satisfied. The role of the fungus is complicated in that it is 
present essentially on all human scalps and yet many people lack symptoms, which is not 
unusual in diseases where microorganisms play a role. Disease-implicated microorganisms 
are present on many people without causing symptoms. Such microorganisms include 
Staphylococcus aureus [3], Mycobacterium tuberculosis [4], dermatophytes [5], and C. albi
cans [6]. In all of these cases, there are host attributes that determine whether the 

a

c

b

Fig. 9.1   Dandruff and Malassezia. (a) Scalp flaking known as dandruff. Note excessive flaking 
without overt irritation. Photo was taken with a Sony High-scope at 20× magnification. (b) Scanning 
electron micrograph of Malassezia globosa CBS strain 7966 after 14 days growth on LNA agar. 
Note the spiral structure in the cell wall (see also Chap. 2.3). (c) Malassezia restricta CBS strain 
7877 grown under the same conditions as (b)
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microorganism can cause disease. With dandruff, one host susceptibility component that has 
been described is sensitivity to oleic acid, which is a product of Malassezia lipase activity. 
Topically applied oleic acid can induce dandruff in dandruff-susceptible people only [7].

The role of Malassezia in dandruff and seborrheic dermatitis is supported by the effi-
cacy of a variety of antifungal agents (i.e., pyrithione zinc, selenium sulfide, ciclopirox 
olamine, climbazole, and ketoconazole) [8] with no other obvious related biological activ-
ity. Upon treatment, the fungi are largely removed, followed by alleviation of symptoms 
[9]. With termination of treatment, the fungal numbers increase, and the symptoms often 
return [9]. While a different fungus may possibly contribute to these symptoms, no such 
fungus has been reported from the scalp. There are multiple hypotheses for the molecular 
mechanisms by which Malassezia cause dandruff and SD. One possibility is that lipase-
mediated hydrolysis of sebum triglycerides leads to an excess of oleic acid that aggravates 
the scalp [10, 11]. Another possibility is that Malassezia produce tryptophan metabolites 
that are active on the aryl hydrocarbon receptor, thus producing inflammation [12]. An 
altered immune response has also been implicated (reviewed in Chap. 5).

Among the Malassezia species, M. restricta and M. globosa are the most commonly 
found on the scalp [13–16]. Genome-sequencing efforts have been focused on the M. glo
bosa type strain CBS 7966, as the tRFLP pattern of its rDNA region matches that of the  
M. globosa strain(s) most commonly found on human scalps (Gemmer and Dawson 
unpublished observations). A sevenfold (7×) sequence coverage of the M. globosa genome 
and a one-fold (1×) M. restricta type strain CBS 7877 genome sequence coverage were 
generated. In this chapter, we focus on the M. globosa genome, with some discussion on 
what was elucidated through the incomplete sequencing of the M. restricta genome.

9.2 
 Genome Size

At 8.9 Mb, the M. globosa genome is among the smallest for free-living fungi (Table 9.1).
The microsporidian, Encephalitozoon cuniculi, now classified as a fungus, contains a 

much smaller genome (2.9 Mb), but is incapable of growth outside animal cells [17]. 
Another obligate intracellular pathogen, Pneumocystis carinii, has a genome of only 
7.0 Mb, not including the telomeric ends and centromeres (the Pneumocystis genome proj-

Size (bp) 8.9 M

G + C content (%) 52

Protein-coding gene number 4,285

Percent coding 69

Percent genes with introns 27

Average gene length (bp) 1,484

Average coding length (bp) 1,447

tRNA genes 82

Table 9.1   Some properties of the 
M. globosa nuclear genome
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ect. http://pgp.cchmc.org). The free-living yeast Eremothecium (Ashbya) gossypii has a  
9.2-Mb genome [18], a size similar to that of the M. globosa genome. Other sequenced 
yeast and fungal genomes are larger, with the largest at 80 Mb [1]. While most character-
ized bacterial genomes are smaller, some are larger, such as the 13 Mb Sorangium cellulo
sum [19] genome and the 9.7 Mb genome of Rhodococcus RHA1 [20]. The relatively 
small size of the M. globosa genome can be attributed to the small number of protein-
coding genes (n = 4,285), the few introns (present in 27% of genes), and the few repetitive 
elements (comprising 0.78% of the genome). The number of M. globosa protein-coding 
genes is smaller than that of all other free-living fungi the genome of which has been 
sequenced. Among those bacteria the genome of which has been sequenced, most encode 
fewer genes than M. globosa. However, a larger number of proteins are encoded by some 
bacteria, such as Streptomyces coelicolor A3 (2) which encodes 7,825 proteins [21].

Small genomes are characteristic of organisms with specialized niches, with obligate 
intracellular parasites at the extreme. The genome size of M. globosa, relative to the 
genome size of its yeast and fungal relatives, suggests that M. globosa may have limited 
capacity to survive in diverse environments although this capacity is not as limited as in 
the intracellular microsporidia. The notion of a limited niche for M. globosa is consistent 
with the observation that Malassezia yeasts are found on the skin of warm-blooded ani-
mals but rarely in any other environment. This limited niche is reflected in the require-
ments for suitable culture media for growth in vitro (as described in Chap. 2.1).

9.3  
 Phylogenetic Relationship with Other Fungi

In a previous work using the sequence similarities of ribosomal RNA-encoding genes, 
Malassezia had been placed in a phylogenetic tree adjacent to plant pathogens such as 
Ustilago maydis [22, 23]. Further analysis, using a set of protein-coding genes [1], con-
firmed this placement. Most (75%) of the M. globosa genes show U. maydis genes as their 
best matches in the NCBI NR database (excluding the M. restricta sequences). Some of 
these plant pathogens, namely the smut fungi, have had a large impact through the ages on 
human food. Further study of these fungi should yield novel insights into the mechanisms 
by which these microorganisms interact with their hosts.

9.4  
 Lipid and Amino Acid Metabolism

Malassezia globosa requires lipid for growth in culture [24], an observation explained by 
the lack of a fatty acid synthase gene within the genome [1]. Most other characterized 
Malassezia spp., including M. restricta, also require lipid supplementation for growth. 
Genome sequencing suggests that M. restricta too, lacks a fatty acid synthase gene, as 
fragments of such a large gene would have been detected even with the 1× sequence cover-



9 Genomics and Pathophysiology: Dandruff as a Paradigm  257

age of that genome. Among free-living fungi with sequenced genomes, only these 
Malassezia species lack a fatty acid synthase gene. By contrast, fatty acid synthase genes 
are lacking in Entamoeba histolytica [25], Encephalitozoon cuniculi [17], and Coryne
bacterium jeikeium K411 [26].

In addition to its inability to synthesize fatty acids, M. globosa apparently lacks a D9 
desaturase (EC 1.14.19.2) gene, the product of which places a double bond into common 
fatty acids, such as oleic acid. A D9 desaturase gene was not detected in the M. restricta 
genome either [1]. As D9 fatty acids, such as oleic acid, are commonly found on human 
skin [27], it is likely that the human host is satisfying M. globosa needs for such unsatu-
rated fatty acids. In contrast, the genome of the close relative, U. maydis contains a D9 
desaturase gene (UM00955.1).

The M. globosa genome encodes the enzymes capable of degrading saturated fatty 
acids via b-oxidation. However, there is an intriguing limitation. With fatty acids con-
taining a cisdouble bond, this must be modified to a transdouble bond before oxidi-
zing that region of the fatty acid. Furthermore, if the double bond occurs at an 
odd-numbered carbon, then the double bond must be shifted to an even-numbered car-
bon. Both of these modifications must happen for b-oxidation of the common skin lipid, 
oleic acid. The Saccharomyces cerevisiae ECI1product, a D3,2-enoyl CoA isomerase 
(EC 5.3.3.8), catalyzes both reactions, and ECI1mutant S. cerevisiae strains are limited 
in growth on unsaturated fatty acids [28]. The M. globosa genome shows no indication 
of an ECI1-like gene, suggesting that M. globosa either (1) has limited capacity for 
b-oxidation of unsaturated fatty acids, (2) contains a D3,2 enoyl CoA isomerase that is 
different from ECI1 and not found by similarity searches, or (3) uses a different bio-
chemical pathway for unsaturated fatty acid oxidation. In addition, no evidence for 
an ECI1homolog was found in the M. restricta genome sequences. In contrast, a  
S. cerevisiae ECI1homolog (UM01599.1) was found in U. maydis. The most likely 
explanation is that, M. globosa and M. restricta have lost the ECI1 and D9 desaturase 
gene homologs since Malassezia spp. last shared a common ancestor with U. maydis, 
although further biochemical experiments and genomic analysis will be needed to test 
this hypothesis. In that respect, it would be interesting to know which of these lipid 
metabolic enzymes are encoded by M. pachydermatis, the one known Malassezia spe-
cies that, while lipophilic, does not require lipid for growth. Also, a comparison of the 
lipid metabolic capacity of Cor. jeikeium and M. globosa would be particularly interest-
ing, as both organisms live on skin, lack a fatty acid synthase gene, and depend on 
exogenous lipids for growth in the laboratory. However, unlike M. globosa, Cor. 
jeikeium is probably capable of complete oxidation of oleic acid. The D3,2 enoyl CoA 
isomerase, apparently missing from M. globosa, is likely part of a multi-enzyme com-
plex encoded by a homolog of E. coli fadB [26, 29].

Corynebacterium jeikeium may share with M. globosa a defect in oleic acid synthesis. 
There are two bacterial pathways for generation of the double bond in oleic acid. One is 
based on a D9 desaturase [30], and the second is based on 3-hydroxydecanoyl-ACP- 
dehydrogenase [31] that acts during fatty acid elongation. The latter process would not be 
expected in Co. jeikeium because of the absence of fatty acid synthesis in this organism. It 
is noteworthy that there was no evidence for a Cor. jeikeium homolog of a D9 desaturase 
gene, when the S. cerevisiae OLE1 or the Mycobacterium tuberculosis desA3 was used in 
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a similarity search [30], although a desA3 homolog in the genome of the nonlipophilic Cor. 
diptheriae was identified. In addition, no evidence was found for a Cor. jeikeium homolog 
of 3- hydroxydecanoyl-ACP dehydrogenases, as in E. coli fabA or fabZ.

In contrast to lipid metabolism, where M. globosa takes advantage of the host provision 
of fatty acid sources, M. globosa is apparently self reliant for amino acids. The M. globosa 
genome appears to encode all of the enzymes necessary for synthesis of all twenty canoni-
cal amino acids. It was expected that amino acids should be available to the yeast through 
the skin, because the stratum corneum contains amino acids as a result of proteolysis of 
filaggrin [32]. Besides the lipid metabolic pathways, Cor. jeikeium also resembles 
M.  globosa in its amino acid metabolic pathways, in that both organisms can apparently 
synthesize the twenty standard amino acids [26]. It would be interesting to know if the 
amino acid synthesis genes are transcriptionally active on the skin and whether there is a 
selective advantage for these microorganisms to synthesize amino acids.

9.5  
 Lipases

Lipases and phospholipase C may be used by Malassezia to generate fatty acids from 
sebum triglycerides, therefore compensating for the lack of fatty acid synthase. Beyond 
this nutritional role, lipases may contribute to dandruff symptoms (see above). A large 
number of gene copies are often interpreted as a sign that the corresponding proteins are of 
particular significance. Among enzymes encoded by the M. globosa genome, lipases and 
aspartyl proteases are represented by the highest gene copy number. The only character-
ized M. globosa lipase, the LIP1 product, hydrolyzes diglycerides and monoglycerides 
[10]. However, M. globosa cells contain a triglyceride-hydrolyzing activity, so other 
lipases must be active against triglycerides.

Malassezia globosa encodes twelve lipases that can be partitioned equally into either of 
two PFAM families and are depicted on a phylogenetic tree of lipases (Fig. 9.2). Our 
research group constructed the tree following a BLAST search in the NCBI NR database, 
using the amino acid sequence of each of these twelve lipases. Every lipase, that was one 
of the top fifteen matches to any of the M. globosa lipases, as well as any U. maydis and 
M. restricta lipases were included in the tree. Of course, many lipases were among the top 
matches to multiple M. globosa lipases. Although partial sequencing of the M. restricta 
genome [1] resulted in many gene fragments, it was, in four cases, possible to assemble 
sufficient lipase sequences to place these in the phylogenetic tree. However, some M. 
restricta lipases may be missing.

Among the lipases, one family is PFAM category Lipase 3 (PF01764). U. maydis 
encodes one lipase within this family, whereas M. globosa encodes six lipases in the fam-
ily. As described previously [1], the M. globosa genome contains clusters of genes for 
secreted enzymes. One such cluster contains four consecutive lipase genes (MGL_0797 
through MGL_0800), each potentially transcribed in the same direction. These lipases are 
more similar to each other than to any other protein. It is likely that this cluster arose from 
lipase gene duplication, after the separation of Malassezia and Ustilago from a common 
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Fig. 9.2  Phylogenetic tree of lipases. To construct the tree, the protein sequences of twelve M.  globosa 
lipases that belong to PFAM families LIP and Lipase_3 were searched against the NCBI NR data-
base. The top fifteen matches to any of the M. globosa lipases were combined and duplicates removed. 
Partial open reading frames of putative M. restricta lipases were also included. A multiple sequence 
alignment was generated using MAFFT [33] L-INS-I model. The tree was constructed using PHYML 
as described previously [1]. The numbers shown on the tree are bootstrap values derived from 100 
bootstrap datasets (only those that have a bootstrap value greater or equal than 50 were shown)
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ancestor. The second family is the PFAM category LIP (PF03583), with one division con-
taining well-characterized lipases from Candida albicans and one lipase from U. maydis. 
A second division contains lipases described from M. furfur [34] and M. pachydermatis 
[35], two lipases from Aspergillus, and six lipases from M. globosa. It is not clear if there 
is an Ustilago lipase that is homologous to the Malassezia lipases in this division. Three of 
these M. globosa lipases are encoded by a secreted enzyme gene cluster, with an aspartyl 
protease gene interspersed [1]. Unlike the case with the set of PFAM Lipase 3 lipase genes, 
the gene cluster of PFAM LIP members is not a set of most similar genes, making interpre-
tation of its history more speculative. Although members of the LIP family clearly belong 
to the same family, they are not very similar to each other, with a protein sequence identity 
of about 30–45%. The nucleotide sequence has no apparent similarity to each other, which 
may be the reason why Brunke and Hube [34] were not able to identify additional lipase 
genes when using a M. furfur lipase gene as a probe in a southern blot analysis with the 
genomic DNA from seven species of Malassezia, although two hybridizing M. pachyder
matis genome segments were detected. It is interesting that one M. globosa lipase, 
MGL_3507, appears to be about 110 amino acid residues longer at the C-terminus than the 
rest of the class. The extra coding sequence was confirmed by cDNA sequencing 
(DeAngelis and Dawson, unpublished observation). This extra region contains some low 
complexity amino acid sequence and is rich in serine, lysine and glycine. In the absence of 
experimental evidence and homology with other known protein sequences, we speculate 
that this region might be used to tether the lipase to cell wall.

Malassezia restricta has been reported to lack lipase activity in culture [10, 13]. 
However, the incomplete M. restricta genome sequence indicates the presence of at least 
two lipases in each of the LIP and the lipase 3 families, one of which was found among 
M. restricta secreted and cell wall-associated proteins [1]. The difficulty in detecting 
M. restricta lipase activity may be due to a combination of factors including culture opti-
mization for lipase production and the choice of the appropriate lipase assay.

9.6  
 Aspartyl Proteases

Malassezia globosa encodes seventeen aspartyl protein genes, an uncommonly large 
number [1] (Fig. 9.3). Proteases could hydrolyze host proteins to supply nutrients, 
degrade host tissues, modify host cells to facilitate adhesion, or alter the immune 
response.

A phylogenetic tree of aspartyl proteases was created, using the methodology described 
for lipases; the only difference being that we have included in the tree, the top ten matches 
for each of the M. globosa aspartyl proteases. In one case, neighboring genes encoded 
aspartyl proteases with the highest similarity (MGL 3330 and 3331). In other cases, two 
M. globosa protease genes, despite being highly similar to each other, were not adjacent in 
the genome. As was the case with lipase genes, this pattern suggests gene duplication 
events more recent than the split from the common ancestor shared with Ustilago.
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Fig. 9.3  Phylogenetic tree of aspartyl proteases. The tree was constructed using the same method as 
described in Fig. 9.2 except that only the top ten hits from the NCBI NR databases were included
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9.7  
 Phospholipase C

We constructed a phylogenetic tree based on the twenty proteins that best matched each of 
the M. globosa phospholipases C. One branch of a tree contains only Malassezia genes, 
with six from M. globosa and five from M. restricta. The closest relatives are a set of asco-
mycete phospholipases, with a more distant set of bacterial phospholipases.

There are no basidiomycete phospholipases related closely enough to be shown (Fig. 9.4). 
Three of the M. globosa phospholipase genes are found adjacent to each other, and these 
three are each other’s closest relatives within M. globosa. Each of these phospholipases has 
for its most similar protein a M. restricta phospholipase C. Our M. restricta genome 
sequence was not sufficiently complete to know if these genes are adjacent in the genome.

9.8  
 Acid Sphingomyelinases

A phylogenetic tree (not shown) indicates that one branch contains three adjacent M. glo
bosa acid sphingomyelinase genes (MGL_1573, 1574, and 1575), as well as a fourth acid 
sphingomyelinase gene (MGL_568) and three M. restricta genes (MRE asm1, asm2, and 
asm3). Most similar to these Malassezia acid sphingomyelinase genes is a U. maydis gene, 
XP_758084.1. This suggests that the Malassezia lineage has undergone acid sphingomy-
elinase gene duplications since sharing a common ancestor with the Ustilago lineage.

9.9  
 Allergens

Multiple Malassezia proteins have been implicated as allergens contributing to atopic eczema 
[36]. Many of the putative allergens are produced in culture by M. globosa, as five (homologs 
of Mala s 1, f 2, s 6, s 8, s 9) were detected among secreted and cell wall-associated proteins 
[1]. Several cDNAs have been isolated that encode Malassezia proteins that react with human 
IgE [37–43]. Andersson et al. [44] used PCR to search for nine of the allergen gene homologs 
among seven Malassezia species, including M. globosa. Using M. globosa genomic DNA, 
they found PCR products matching Mala s 1, f 4, s 5, s 6, s 7, s 8, and s 9, but not Mala f 2 
and f 3. With M. globosa mRNA, they only found the Mala s 6 PCR product.

Based on genome sequence, M. globosa encodes proteins similar to all of the putative 
Malassezia allergens. However, there is no simple one-to-one relationship among all of 
these potential allergens (Table 9.2). For example, Mala s 7 shows a weak match to two M. 
globosa proteins, MGL_0968 and MGL_2673. A single protein from M. globosa, 
MGL_4042, shows similarity to three previously described allergens, Mala f 2, f 3 and s 5, 
with the highest similarity to Mala f 2 (Table 9.2).
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Fig. 9.4   Phylogenetic tree of phospholipases C. The tree was constructed using the same method as 
described in Fig. 9.2 except that only the top twenty hits from the NCBI NR databases were 
included



264 J. Xu et al.

These three allergens were known to be similar [38] and thought to encode a peroxire-
doxin. Similar genes are found in many other fungal species, including U. maydis, 
Coprinopsis cinerea, Yarrowia lipolytica, Paracoccidioides brasiliensis, Laccaria bicolor, 
Aspergillus terreus, and Ajellomyces capsulatus. The absence of the Mala f 2 and f 3 prod-
ucts in the PCR reactions of Andersson et al. [44] may be explained by the lack of a good 
match to MGL_4042 by the primers used for PCR.

There is some controversy over the presence of a Mala s 1 homolog in Malassezia other 
than M. sympodialis. Andersson et al. [44] found this homolog in four Malassezia species, 
including M. globosa 7966, whereas Gaitanis et al. [45] did not find a Mal s 1 homolog in 
several Malassezia species, including M. globosa 7966. The two groups collaborated on a 
letter [46] suggesting that choice of primers may have contributed to the discrepancy and 
that the Mala s 1 homologs may not closely match each other. Our alignment of Mala s 1 
with its M. globosa homolog, MGL_1303, indicates that the two genes share about 70% 
identity in amino acid sequence. However, the nucleotide sequences are not highly con-
served, and less than 1/5 of the nucleotide sequence can be aligned. We were not able to find 
a convincing match using the two sets of primers used by Gaitanis et al. [45] and Andersson 
et al. [44]. The lack of a good match to the PCR primers likely explains the difficulty in 
obtaining a PCR product for Mala s 1 in M. globosa. It is interesting that the M. globosa 
MGL_1303 gene (Mala s 1 homolog) and the MGL_1304 gene (Mala s 8 homolog) are 
located near each other in the chromosome, separated by only 605 base pairs.

In summary, genomic and proteomic analysis indicates that M. globosa encodes pro-
teins similar to the allergens that have been identified in M. furfur and M. sympodialis. 

Accession No. Best matched  
M. globosa gene

Name Blast bit-score In M. globosa 
EST sequence 
database

AB011804 MGL_4042 Mala f 2 288 –

AB011805 MGL_4042 Mala f 3 199 –

AF084828 MGL_2703 Mala f 4 517 X

X96486 MGL_1303 Mala s 1 497 X

AJ011955 MGL_4042 Mala s 5 211 –

AJ011956 MGL_3612 Mala s 6 297 –

AJ011957 MGL_0968 Mala s 7 48.1 –

AJ011958 MGL_1304 Mala s 8 250 –

AJ011959 MGL_2179 Mala s 9 342 X

AJ428052 MGL_0201 Mala s 10 1,328 X

AJ548421 MGL_3190 Mala s 11 269 X

AJ871960 MGL_0750 Mala s 12 802 X

AJ937746 MGL_1781 Mala s 13 192 –

Table 9.2   Match of M. globosa proteins to Malassezia allergens described in the literature

The accession number is the nucleotide sequence accession number. The bit-score is using the 
translated amino acid sequence of the allergens against the proteome of M. globosa. The match of 
Mala s 7 has a very low bit-score and only matches partially, but it is the best match to Mala s 7 in 
the NCBI nr database other than Mala s 7 itself
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Zargari et al. [47] have used Western blots to show that human IgE recognizes many pro-
teins from M. globosa, and recognition of only some of these proteins is inhibited by 
competition with M. sympodialis protein. This implies that M. globosa produces many 
IgE-reactive epitopes that are not produced by M. sympodialis. Therefore, there may still 
be other M. globosa proteins that react with IgE and have not yet been characterized. More 
research is required to understand the role of these potential allergens in human disease.

9.10  
 Tryptophan Metabolites

In addition to the secreted enzymes that are likely to interact with the host, Malassezia also 
produce small molecules that may interact with the host. Malassezia are reported to pro-
duce tryptophan metabolites with a role in SD [12] and pityriasis versiolor [48]. Zuther 
et al. [48] used U. maydis as a model organism and demonstrated that this plant pathogen 
produced a similar set of tryptophan metabolites as does M. furfur. This analysis led to the 
discovery of two genes with a role in pigment production. The tryptophan aminotrans-
ferase Tam1p catalyzes the formation of indole pyruvate, which reacts to form pigments. 
We observed that M. globosa encodes a TAM1 homolog, MGL_2601. Zuther et al. [48] also 
found that mutations in the sulphite reductase gene, SIR1, led to defective pigment produc-
tion, M. globosa contains a SIR1 homolog, MGL_0080.

9.11  
 Mating

The M. globosa genome contains a mating locus, with pheromone receptor and bW and bE 
homeodomain genes, with some similarity to other basidiomycete mating-type loci [49]. 
This suggests that M. globosa may be capable of undergoing a sexual cycle. There are 
precedents for genome analysis providing the first indications of sexuality among fungi. 
With C. albicans, the discovery of mating- type genes was followed by the discovery of 
mating [50]. Aspergillus oryzae and A. fumigatus were thought to be asexual until the 
genome sequence indicated the presence of many genes associated with mating [51]. 
Perhaps, the existence of mating genes within the M. globosa genome will prompt the 
discovery of mating in these fungi. Mating can be important in the spread of virulence 
traits [52] and may be important in the distribution of pathogenic strains of Malassezia.

9.12  
 Adaptation to Animal Skin

As pointed out by Xu et al. [1], M. globosa and C. albicans are capable of living on animal 
skin and secrete a similar set of enzymes; lipases, aspartyl proteases, phospholipases, and 
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acid sphingomyelinases. In contrast, U. maydis, more closely related phylogenetically to 
M. globosa, secretes a different set of enzymes, including many glycosyl hydrolases. We 
propose that the sets of secreted enzymes by M. globosa and C. albicans represent an 
adaptation to life on animal skin. In this chapter, we have extended the previous observa-
tions by generating phylogenetic trees of the lipases, aspartyl proteases, phospholipases C, 
and acid sphingomyelinases, providing for the first time, evidence that Malassezia secreted 
enzyme genes have undergone duplications since sharing a common ancestor with 
Ustilago. As additional genomes of related organisms become available, it will be interest-
ing to analyze the apparent losses and duplications of genes for secreted enzymes.

9.13  
 Conclusion

The M. globosa genome reveals duplications of genes for secreted enzymes, including 
lipases, aspartyl proteases, phospholipases C, and acid sphingomyelinases. These duplica-
tions likely arose after the divergence of Malassezia from its ancestors, shared with the 
plant pathogen Ustilago. These enzymes are also encoded by multiple genes in C. albi
cans, a human opportunistic pathogen found on skin, and it is therefore likely that these 
multicopy genes are a result of adaptation to animal skin.

Analysis of the M. globosa and M. restricta genomes discloses multiple pathways with 
potential roles in the pathogenesis of dandruff and seborrheic dermatitis, providing new 
intervention targets for the development of novel, more effective treatments.
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10.1  
Malassezia pachydermatis as a Pathogen in the Dog

10.1.1  
Historical Aspects of Infection in Dogs

Malassezia pachydermatis was first described by Weidman [1], who observed numerous 
bottle- or ‘bowling pin’-shaped yeasts in the skin scales from an Indian rhinoceros 
(Rhinoceros unicornis) with a generalised exfoliative dermatitis. The organism was cul-
tured on an unspecified medium, forming smooth, entire, domed, doughy, cream-yellow 
colonies; the morphology of the cells in culture was the same as described in the skin scales. 
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Core Messages

During the last 20 years, interest in the genus  › Malassezia has increased 
dramatically among veterinarians. M. pachydermatis is now recognised as an 
important cause of dermatitis and otitis externa in dogs, but appears to be a 
relatively uncommon pathogen in other animal hosts. Cases of dermatitis or otitis 
externa in dogs and cats are normally managed by topical or systemic antifungal 
therapy and by correcting factors predisposing to infection. Lipid-dependent 
Malassezia are more frequently isolated in horses and domestic ruminants. This 
chapter reviews current knowledge on colonisation and infection of dogs, cats 
and other animals by Malassezia spp., including pathogenesis, clinical signs, 
diagnosis and treatment. The potential for zoonotic transfer of Malassezia spp. 
from animals to humans is also discussed.
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Weidman was unable to match the organism to any existing descriptions, but  commented 
on the similarities to Pityrosporum ovale. However, the organism from the rhinoceros was 
smaller and less irregular in shape than P. ovale, and he proposed the name Pityrosporum 
pachydermatis.

Gustafson [2] was the first to suggest that M. pachydermatis was involved in the patho-
genesis of canine otitis externa (OE), having isolated more than 200 strains from affected 
dogs. The yeasts were round or oval and showed mono-polar budding with a broad base, 
without mycelium or pseudomycelium formation. None of the 20 strains tested fermented 
or assimilated sugars, and he concluded that these yeasts belonged to the genus Pityrosporum. 
Unlike the previously recognised Pityrosporum yeasts, P. orbiculare and P. ovale, the 
strains grew well without lipid-supplementation. Gustafson was able to induce OE by 
applying M. pachydermatis to the external ear canal, whereas a ‘P. ovale’ strain of human 
origin had no effect. Although Slooff [3] suggested that Gustafson’s strains were probably 
identical to P. pachydermatis, Gustafson proposed the name Pityrosporum canis for his 
strains, the cultural requirements of the former species being not known. Fraser [4] isolated 
non lipid-dependent Pityrosporum yeasts from the ear canals of both healthy dogs and dogs 
with OE. He considered that his strains were consistent with the original descriptions of 
Weidman [1] and termed these P. pachydermatis. The yeast was isolated in comparable 
frequencies from healthy dogs and dogs with OE, but he found that affected dogs tended to 
have larger numbers of the yeast on smears of cerumen. Subsequent studies either con-
firmed Fraser’s findings [5] or reported an increased prevalence of the yeast in OE [6, 7]. 
Studies in which cases of OE in dogs responded to antifungal therapy were described [8–
10], supporting the current opinion that the yeast acts as an opportunistic secondary patho-
gen within the canine external ear canal.

In 1970, Slooff [3] assigned all strains of Pityrosporum capable of growing without 
lipid-supplementation to the single species P. pachydermatis. The International Commission 
on the Taxonomy of Fungi [11] recommended that the generic name Malassezia should 
take priority over Pityrosporum, and Yarrow and Ahearn [12] adopted the name M. pachy-
dermatis in the third edition of ‘The yeasts, a taxonomic study.’ Subsequent molecular 
studies have confirmed that M. pachydermatis may be regarded as a species separate from 
the lipid-dependent species, although there is quite marked genetic heterogeneity within 
the species [13, 14]. These aspects are discussed in more detail in Chaps. 2 and 3.

Dufait [15] made the first reports of M. pachydermatis as a cause of more widespread 
dermatitis in the dog. He described a series of 50 dogs with pruritic dermatitis from which 
the yeast could be readily recovered by cytology or culture and which responded to anti-
fungal therapy. Skin lesions consisted of erythema and hyper-pigmentation that most often 
affected the ventral abdomen, although the face, feet and perineal regions were also com-
monly affected. Similar findings were described in 23 cases from Brazil [16] and a severe 
pruritic seborrhoeic skin disorder was described, from which M. pachydermatis could be 
isolated in eight West Highland white terriers [17]. Mason and Evans [18] described 11 
cases in detail and demonstrated the presence of the yeast in the stratum corneum in all 
nine cases from which skin biopsies were obtained. Concurrent allergic diseases were 
recognised in four dogs, and one dog had hepatic disease. In each case, antibacterial ther-
apy was without benefit, but all dogs responded to either systemic ketoconazole or topical 
antifungal therapy. This seminal report forced the wider veterinary dermatology 
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community to consider the potential role of M. pachydermatis as a cause of canine skin 
disease beyond the external ear canal, and during the 1990s, there was a gradual accep-
tance that the yeast was an opportunistic secondary pathogen.

10.1.2  
Factors Predisposing to Diseases

The ability of fungi to colonise or infect mammalian skin is determined at the molecular 
level by complex interactions between the fungal cell and its virulence factors and the host 
tissues and components of the immune system. Processes such as fungal cell adherence to 
corneocytes, and innate and specific immune responses that are mounted by the host, are 
important in determining the outcome of colonisation. At the clinical level, concurrent skin 
diseases are often recognised in dogs with skin infections caused by commensal microbes 
of the skin, including Staphylococcus pseudintermedius and M. pachydermatis, and iden-
tification and correction of these disorders can reduce the recurrence of infection.

10.1.2.1  
Breed Predilections

In a survey of dogs in the United States using a cytological technique [19], it was reported 
that basset hounds and dachshunds were predisposed to the development of abnormally 
high populations of M. pachydermatis. In another study of 40 dogs, conducted in the South-
East of England, elevated cutaneous Malassezia sp. populations were identified [20]. 
Various breeds and crossbreeds were represented; basset hounds, cocker spaniels, and West 
Highland white terriers were significantly over-represented compared with samples of both 
the general and dermatological hospital population, and boxers were over-represented 
compared with the general population. In a series of cases examined in France, West 
Highland white terriers, Shar Pei and basset hounds were most frequently affected [21]. By 
contrast, both Mason [22] and Dufait [15] reported the poodles to be the most frequently 
affected breed in their case series, in Australia and Belgium, respectively, whereas poodles 
were not present in the group of dogs seen in England. These differences may reflect 
regional variations in breed popularity and/or differences in the regional gene pool.

10.1.2.2  
Concurrent Diseases

Canine atopic dermatitis (AD) is a genetically predisposed inflammatory and pruritic allergic 
skin disease with characteristic clinical features that is associated most commonly with IgE 
antibodies to environmental allergens [23]. In one of the original cases series of canine 
Malassezia dermatitis, concurrent atopic dermatitis was diagnosed in 2 out of 11 cases [18].

The relationship between AD and M. pachydermatis carriage was investigated by com-
paring yeast population sizes in the axilla and groin regions of 12 normal and 12 atopic 
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dogs using tape-strips and contact plates [24]. Malassezia yeasts were identified using the 
tape-strip method in all normal and atopic dogs studied although counts were low in the 
healthy dogs and in six out of 12 atopic dogs, whereas the remaining six atopic dogs had 
higher counts. Both the numbers of sites from which the yeast was observed and the tape-
strip counts in the atopic dogs significantly (P < 0.05) exceeded those of healthy dogs at the 
groin, but not the axilla. Using the contact plate method, M. pachydermatis was isolated on 
contact plates from the groin of one healthy dog and from the axilla of another, whereas M. 
pachydermatis was cultured from eight of the atopic dogs. The number of dogs and num-
ber of sites in both the axilla and groin from which M. pachydermatis was cultured was 
significantly greater in the atopic group (P < 0.05, P < 0.001 and P < 0.001, respectively).

In a study of 25 atopic and 25 healthy dogs conducted in France, yeast counts were 
obtained from four body areas (inter-digital skin of the feet, lip folds, ears and beneath the 
tail) by cytological assessment of slides prepared using swabs or superficial scrapings [25]. 
Atopic dogs were shown to have significantly higher yeast scores from the inter-digital 
skin and from beneath the tail. Within the atopic dogs, yeast counts were higher from inter-
digital webs that were erythematous. In a recent study of a group of 41 atopic dogs, 
M. pachydermatis was isolated from the inter-digital skin of 71% and ears of 63% of the 
dogs [26]. Taken together, these studies indicate that elevated M. pachydermatis counts 
may be found in some dogs with AD.

Although AD tends to be the most frequently diagnosed concurrent disease in dogs with 
Malassezia dermatitis [20], it is important to appreciate that not all dogs with AD have 
Malassezia dermatitis, and that Malassezia dermatitis occurs in association with disorders 
other than AD [27]. Intertrigo, endocrinopathies and primary cornification defects are also 
recognised in some affected dogs [20, 21]. It is also important to consider that a concurrent 
disease might occur co-incidentally without necessarily favouring the yeast infection.

10.1.3  
Pathogenesis

Malassezia pachydermatis is a normal inhabitant of healthy canine skin and mucosae; the 
yeast is most commonly isolated from the lip region, inter-digital skin, anal mucosa and 
external ear canal [2, 28–30]. In a temporal study of M. pachydermatis carriage in eight 
healthy beagles, ‘resident’ carriage, defined in this study as yeast isolation on at least 5 out 
of 6 occasions at intervals of 2 weeks, was identified in the external ear canal and anus of 
7 and 3 dogs, respectively [31]. Skin populations in healthy basset hounds, a breed predis-
posed to Malassezia dermatitis, were found to exceed those of healthy dogs of other breeds, 
which may reflect the susceptibility of this breed to the disease [32, 33].

Dogs with skin disease associated with M. pachydermatis may have 100–10,000-fold 
increases in skin population densities in comparison with healthy dogs [32, 33]. M. pachy-
dermatis populations at the nose, prepuce and vulva in affected basset hounds also exceeded 
those of healthy dogs, indicating that the factors which enable the development of abnor-
mally high cutaneous populations also permit proliferation of the yeast at certain mucosal 
sites [32]. The presence of high population densities of the yeast in lesional skin in dogs 
with dermatitis refractory to antibacterial and anti-inflammatory therapy, and the clinical 
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response following antifungal treatments and the associated reduction in yeast numbers 
provides good evidence for a pathogenic role [15, 18, 34], but it is not known whether there 
is a threshold populations density needed for infection. However, the density of organisms 
on the skin required to induce disease may vary in different circumstances. Atopic dogs 
sensitised to M. pachydermatis allergens [35], in a manner analogous to the apparent hyper-
sensitivity to lipid-dependent Malassezia yeasts observed in human patients with the ‘head-
neck’ form of AD [36], could show marked cutaneous inflammation with relatively low 
yeast populations. In addition, strain differences in the ‘virulence’ of the yeast may also be 
of importance, and quorum sensing events described in bacteria [37] may alter the expres-
sion of virulence characteristics dependent upon the population density.

Adherence, the specific attachment of micro-organisms to cells and tissues, is thought 
to play an important role in the colonisation and infection of mammals by pathogenic fungi 
[38]. An assay of M. pachydermatis adherence to canine corneocytes in vitro was used to 
examine whether the adhesive capacities of the epithelial cells could be related to popula-
tion sizes of the yeast in the skin of seborrhoeic and healthy basset hounds, and in healthy 
Irish setter control dogs [31]. M. pachydermatis population sizes in the healthy basset 
hounds (n = 5) were significantly greater (P < 0.001) than those of the Irish setters (n = 6), 
but were significantly lower (P < 0.001) than those of the seborrhoeic basset hounds (n = 6). 
The numbers of adherent yeast cells of the two M. pachydermatis strains tested were sig-
nificantly greater (P < 0.001) on corneocytes taken from the healthy basset hounds, com-
pared with corneocytes derived from healthy Irish setters and seborrhoeic basset hounds. 
The inverse relationship between population densities in vivo and corneocyte adherence 
in vitro suggests that increased corneocyte receptivity for the yeast is not important in the 
pathogenesis of seborrhoeic dermatitis (SD) associated with M. pachydermatis in basset 
hounds. These findings are similar to those reported in a previous investigation of lipid-
dependent Malassezia adherence in humans with SD; the yeasts were better able to adhere 
to stratum corneum cells from healthy individuals than to cells from patients with SD [39]. 
Studies of M. pachydermatis adherence to canine stratum corneum cells are reviewed in 
Chap. 5.

Like other cutaneous microbes, M. pachydermatis produces a range of enzymatic sub-
stances that are involved in its nutrition. Liberation of enzymes by the fungus ensures that 
a local supply of appropriate nutrients can enter the cell in a form suitable for further 
metabolism. The M. globosa genome has an abundance of genes encoding secreted hydro-
lyases (including lipases, phospholipases, aspartyl proteases and acid sphingomyelinases) 
with similarities to those expressed by Candida albicans [40]. These substances are likely 
to be involved in inducing host immune and inflammatory responses; however, the relative 
importance of the various enzymatic products from M. pachydermatis in inducing cutane-
ous inflammation has not been fully established. The enzymatic activities of Malassezia 
spp. are discussed more fully in Chap. 4.

Immediate intra-dermal test reactivity has been observed in atopic dogs following the 
injection of M. pachydermatis extracts at concentrations that cause no reaction in healthy 
dogs, suggesting that hypersensitivity responses to yeast allergens may be involved in the 
pathogenesis in some cases of atopic disease [35, 41]. These findings are supported by 
serological evidence of IgE antibody responses to the yeast in dogs based on ELISA [42], 
Western immunoblotting [43] and passive cutaneous anaphylaxis [44]. These observations 



276 R. Bond et al.

are analogous to the suggestion that IgE-mediated hypersensitivity to Malassezia-derived 
allergens may be important in the pathogenesis of the ‘head-neck’ form of AD in humans 
[36, 45]. Some dermatologists now include Malassezia allergens in allergen-specific immu-
notherapy courses for atopic dogs, but the therapeutic benefit of this approach requires 
further assessment since most immunotherapy courses comprise multiple allergens and not 
just yeast allergens alone [46]. Since Malassezia dermatitis can exist in the absence of 
immediate hypersensitivity to the yeast, [47, 48] immunotherapy alone is unlikely to replace 
the need for antifungal therapy in dogs with high yeast counts in lesional skin.

In a study of basset hounds with Malassezia dermatitis tested intra-dermally using 
extracts prepared from two M. pachydermatis isolates, 2 out of 18 hounds showed strong 
immediate intra-dermal test reactivity [47]. In contrast, examination of test sites at 24 h 
post-injection showed frequent lesions characterised by erythematous plaques in the 
healthy and affected basset hounds. Skin biopsy specimens from these delayed reactions 
showed either moderate (2 cases) or severe (4 cases) inflammatory changes principally 
characterised by peri-vascular, interstitial or peri-adnexal infiltrates of neutrophils and 
lymphocytes. Patch testing with M. pachydermatis extracts were evaluated in seven healthy 
basset hounds and in seven basset hounds with Malassezia dermatitis, of which one healthy 
basset hound and five affected hounds showed positive reactivity characterised histologi-
cally by mild epidermal hyperplasia and mild to moderate peri-vascular, peri-adnexal and 
interstitial infiltrates of neutrophils and CD3+ lymphocytes [48]. These studies indicate 
that immediate intra-dermal test reactivity is infrequent in affected basset hounds whereas 
delayed intra-dermal and patch test reactivity occurs more frequently. Immunological 
responses of the skin to Malassezia spp. is discussed in more detail in Chap. 5, but it is 
clear that a spectrum of cutaneous reactivity to M. pachydermatis antigens can be seen in 
dogs with Malassezia dermatitis. The variable immune responsiveness seen among dogs 
suggests that any future immunomodulatory therapeutic or prophylactic approach may 
have to target different components of the skin immune system.

10.1.4  
Clinical Signs

Skin lesions associated with M. pachydermatis in dogs are usually erythematous, with 
varying degrees of traumatic alopecia [18, 21, 34]. Scaling is often prominent and a greasy 
exudate is a feature of lesions in inter-triginous and inter-digital areas in some dogs; signifi-
cant exudation is normally accompanied by prominent malodour. Inter-digital lesions are 
common (Fig. 10.1) and in more severe cases, erythema and alopecia extend to affect the 
accessory carpal areas and medial aspects of the limbs. Some dogs with severe limb lesions 
have marked skin thickening, resulting in the formation of erythematous, scaling, alopecic 
ridges (Fig. 10.2). Pedal skin disease may also progress to involve the claw folds with red–
brown staining of the claw and exudation in the claw fold [49]. Abdominal lesions often 
initially consist of symmetrical, well-demarcated, circular or elliptical areas of erythema 
that develop into scaly plaques. Alternatively, more diffuse erythema with scattered pap-
ules may be seen. Lesions in skin folds are normally characterised by erythema and a sticky 
exudate. Hyperpigmentation and lichenification are frequently observed in animals with 
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Fig. 10.1   Severe inter-digital erythema 
and greasy exudation in a dog with 
Malassezia dermatitis. The exudation 
should raise clinical suspicion of a 
microbial infection whereas uncompli-
cated allergic diseases involving this site 
generally show only erythema

Fig. 10.2   Severe lesions of Malassezia dermatitis in this basset hound are characterised by intense 
erythema and traumatic alopecia over the hind limbs. The folded skin at this site is a predisposing fac-
tor for infection, although high yeast counts can also be demonstrated at mucosal sites in this breed
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chronic disease and is particularly common in West Highland white terriers. Dogs with 
concurrent OE show erythematous vertical ear canals and pinnae with varying degrees of 
lichenification and scaling, accompanied by a yellow or brownish ceruminous discharge 
(Fig. 10.3). Although skin lesions may be confined to one area, multiple regions are usually 
affected, especially the limbs (Figs. 10.1 and 10.2), ventrum, ears (Fig. 10.3) and face.

10.1.5  
Diagnosis

The clinical signs of Malassezia dermatitis are not pathognomonic, and the disease should 
be routinely suspected in dogs with inflammatory skin diseases, especially those with ery-
thema and or greasy exudation as a dominant presenting sign. Malassezia dermatitis may 
mimic or complicate atopic disease and dietary sensitivity. Seborrhoeic presentations and 
fold-associated diseases should also prompt an evaluation of the presence and numbers of 
the yeast.

The diagnosis is based on clinical signs, presence of elevated numbers of the yeast in 
lesional skin, and a clinical and mycological response to antifungal therapy. In veterinary  
practice, yeast numbers are most usefully assessed by cytological examinations of direct 
impression smears or smears of exudate obtained by swabbing. However, the tape-strip 
method may be more convenient and reliable [50]; clear adhesive tape is pressed on the 
surface of the skin thus collecting the stratum corneum cells and any superficial microbes 
(Fig. 10.4). This method is suitable in most anatomical sites and in dry or greasy lesions 

Fig. 10.3   Malassezia-
associated otitis externa 
in dogs most often 
presents with an 
erythemato-ceruminous 
rather than a purulent 
discharge
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although it is important to select a brand of tape that resists the staining process such as 
certain Scotch 3M tapes, or Sellotape Diamond Clear. The tape is stained, usually with a 
modified Wright’s stain, and examined using the light microscope. The characteristic pea-
nut-shaped Malassezia spp. yeast cells are normally rarely seen in healthy skin but are 
usually readily identified in specimens from affected individuals.

Some authors have proposed guidelines on the numbers of yeasts needed for signifi-
cance (such as one or more yeast per high-powered field), but this approach does not accom-
modate the overlap seen in yeast population densities in skin samples from healthy and 
diseased dogs [32], nor does it consider the potential for relatively small numbers of organ-
isms to generate skin disease in sensitised individuals. Furthermore, quantitative cultural 
investigations have demonstrated important breed and anatomical site differences in popu-
lation sizes in healthy dogs. These data indicate that trial therapy is an important component 
in the diagnostic evaluation of Malassezia dermatitis; therapy should be given whenever 
the yeast is readily identified in cytological specimens obtained from consistent lesions.

Quantitative cultural techniques involving contact plates and detergent scrubs [51] are 
primarily used in research rather than routine clinical practise, although the contact plate 
method (Fig. 10.5) is a very useful method of isolating the yeast for the skin [24].

Skin biopsy specimens typically show marked irregular epidermal hyperplasia and 
spongiosis that extends to the follicular infundibula, frequently associated with a prominent 
scalloping of the lower epidermis, and ortho-keratosis or para-keratosis [21, 52, 53]. Dermal 
inflammation is characterised by a superficial peri-vascular or interstitial infiltrate of mono-
nuclear cells, with focal accumulations of neutrophils, eosinophils and mast cells. Exocytosis 
of lymphocytes is frequent whereas eosinophilic or neutrophilic micro-abscesses are less 

Fig. 10.4   Numerous yeast cells with morphologies typical of M. pachydermatis can be seen amongst 
squames in this tape-strip preparation taken from a dog with Malassezia dermatitis
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often seen. Mast cells may be aligned in a linear pattern at the dermo-epidermal junction in 
some cases [53]. Yeast cells may be seen in the ortho-keratotic or para-keratotic stratum 
corneum or in crusts, and less often at the follicular ostia [21], but the disruption of this 
layer that occurs during routine tissue processing may lead to an absence of the yeast; 
biopsy has a low sensitivity for yeast detection when compared with cytology.

Clinical and cytological assessments should be repeated to determine the efficacy of 
antifungal therapy, and to establish whether there is evidence of concurrent diseases. 
Relapsing infection is common in cases where predisposing factors are not identified or 
corrected.

10.1.6  
Treatment of Malassezia Otitis and Dermatitis in Dogs

In vitro studies have shown that Malassezia yeasts are normally susceptible to azole anti-
fungal drugs such as clotrimazole, miconazole, ketoconazole and itraconazole [54–56]. 
Among the more recently developed antifungal agents, pozaconazole and voriconazole 
are often highly active against Malassezia spp. [54, 57, 58], but commercial products 
containing these agents are very expensive and are not currently licensed for veterinary 
use. The polyene macrolides, nystatin and natamycin (pimaricin), are also active against 
M. pachydermatis, but generally at higher concentrations in vitro, compared with azoles 

Fig. 10.5   Contact plate cultures of M. pachydermatis from canine skin. The top plates are com-
posed of modified Dixon’s agar which allows the development of larger colonies when compared 
with Sabouraud’s dextrose agar (below). This technique permits a convenient semi-quantitative 
assessment of population sizes on the skin



10 Malassezia Yeasts in Animal Disease 281

[9, 10, 59, 60]. Silver sulphadiazine, an antibacterial sulphonamide compound used in the 
treatment of Pseudomonas OE as in dogs, was also been reported to have modest anti-
Malassezia activity in vitro [55]. Plant derived substances, such as tea tree oil [61–63] and 
b-thujaplicin, a substance extracted from the acid oil of Aomori Hiba (Thujopsis dola-
brata) [60, 64] have also been reported to have anti-Malassezia properties. The methods 
for conducting and interpreting susceptibility tests of antifungal drugs against 
Malassezia spp. in vitro are discussed in detail in Chap. 6.

10.1.6.1  
Treatment of Malassezia Otitis Externa in Dogs

A detailed review of the investigation and management of canine OE is beyond the scope 
of this chapter, and this section will focus on the treatment of OE and media associated 
with M. pachydermatis in dogs.

It is commonly accepted that this commensal yeast is an opportunistic secondary patho-
gen whose proliferation often reflects the presence of underlying predisposing factors and 
primary diseases. Common predisposing factors include pendulous pinnae, narrow exter-
nal canals, hairy ears and regular swimming. As discussed elsewhere in this section, AD is 
a commonly identified disease in dogs with Malassezia otitis, but other diseases, such as 
dietary sensitivity and keratinisation defects, might also favour Malassezia otitis. Dogs 
with Malassezia otitis should receive a complete dermatological evaluation since failure to 
identify and correct predisposing, primary and other perpetuating factors may result in 
persistent or recurrent disease.

Although nystatin mono-therapy was reportedly effective in an early study on the treat-
ment of canine Malassezia OE [65], current products licensed for the treatment of canine 
OE associated with M. pachydermatis normally contain antifungal agents combined with 
an antibacterial drug and a glucocorticoid, reflecting the multi- factorial aetiology of most 
cases. The combination with glucocorticoids is often advantageous since inflammation 
may be important in creating a suitable micro-environment for yeast proliferation. In addi-
tion, prevention or correction of stenosis of the external ear canal by the use of anti-inflam-
matory drugs is important if irreversible pathological changes are to be avoided in chronic 
cases. The inclusion of an antibacterial agent may also be beneficial in case of a mixed 
infection with the common aural bacterial pathogens, such as staphylococci or 
pseudomonads. Combined antibacterial and antifungal drug administration may also pre-
vent the switch from bacterial to yeast infection, or vice versa, that may be encountered 
when antibacterial or antifungal mono-therapy is utilised in dogs with otitis externa or 
media. Cytological evaluations of aural discharges are especially useful for the assessment 
of cases and monitoring the effects of treatment; ear wax smears enable the clinician to 
rapidly determine an estimation of the population density of the yeast before and during 
treatment.

Despite the very wide usage of the commercially available combination ear drop prod-
ucts, there is surprisingly little clinical trial data describing their efficacy. This may reflect 
in part the difficulty in standardising subject animals, where multiple different factors such 
as diverse underlying diseases and varied or mixed microbial infections may be present. In 
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some cases of Malassezia OE, successful antimycotic therapy may not be associated with 
clinical remission due to ongoing concurrent disease, making interpretation difficult.

Miconazole is an imidazole with a spectrum of activity that includes Malassezia spp., 
dermatophytes and gram-positive bacteria [66]. The efficacy of a preparation containing 
miconazole, polymyxin B and prednisolone was evaluated in an open, uncontrolled study 
of 130 dogs in five veterinary practises in Germany [8]. M. pachydermatis was isolated 
from 57% of ears and it was the only pathogen isolated in half of these cases. In 86% of 
cases, the dogs were judged to be clinically cured or well-controlled 4 weeks after treat-
ment was introduced. In another open study, the same product was used to treat 101 epi-
sodes of OE in a group of labrador retrievers [67]. Malassezia yeasts were isolated from 
44 out of 49 ears cultured, either alone (71%) or in association with bacteria (18%). The 
product was judged to be satisfactory in 73% of cases, and unsatisfactory due to recurrence 
in 27% of cases. The miconazole, polymyxin B and prednisolone product was more fre-
quently effective when compared with products containing nystatin and monosulfiram as 
the antifungal agent.

More recently, the efficacy of the miconazole, polymyxin B and prednisolone prepara-
tion (A) was compared with a clotrimazole-marbofloxacin-dexamethasone otic suspen-
sion (B) in a randomised single-blind study design involving 140 dogs in 15 European 
veterinary practises [68]. Yeasts, principally M. pachydermatis, were isolated from 45% 
of the dogs. The two products were judged to be equivalent based on cure rate in dogs 
with fungal otitis (4 out of 6 with B, 3 out of 8 with A) and mixed bacterial and fungal 
otitis (9 out of 19 with B, 8 out of 21 with A), although the authors reported a trend for the 
 clotrimazole-containing product to be more effective. Bensignor and Grandemange [69] 
treated 20 dogs with bilateral Malassezia OE using the clotrimazole-marbofloxacin-dex-
amethasone otic suspension in one ear and a miconazole-containing product in the other. 
The reductions in yeast counts based on cytological assessments were comparable after 
either treatment, but ears treated with the combination product had lower post- treatment 
scores for erythema, pruritus and the quantity of cerumen. Although clinical scores also 
improved with miconazole-alone, these data provide justification for the use of combina-
tion products in the routine management of canine otitis externa.

Ciclopirox olamine, the 2-aminoethanol salt of 6-cyclohexyl-1-hydroxy-4methyl-
2(1H)-pyridone, is a broad-spectrum antifungal drug of the family of 1-hydroxy-2-pyri-
dones that has been shown to be of value in the treatment of scalp SD and onychomycosis 
in humans [70, 71]. Ciclopirox olamine has in vitro activity against various fungi including 
dermatophytes, Candida spp., M. globosa, M. restricta, and M. pachydermatis; synergistic 
fungicidal effects have also been observed with zinc pyrithione against Malassezia spp, 
and against other fungi with terbinafine or itraconazole [72–74]. The mode of action may 
relate to chelation of iron and other metallic enzyme cofactors [75]. A single application 
of piroctone olamine (1-hydroxy-4methyl-6-(2, 4, 4,-trimethylpentyl)-2(1H)-pyridone) 
was found to significantly reduce ear populations of M. pachydermatis for at least 4 days 
in a group of 10 healthy laboratory beagle dogs [76]. The value of hydroxy-pyridones in 
the management of fungal infections of dogs requires further assessment.

The concurrent use of ear cleaners is a common practise in the medical treatment of 
otitis externa, and some of these may have a degree of antifungal activity that may assist 
in treatment, and also in prevention of relapse in animals with excessive cerumen [77].
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10.1.6.2  
Malassezia Otitis Media

Malassezia otitis media is most likely to develop as a consequence of rupture of the tym-
panic membrane in dogs with chronic OE, but it is important to consider the presence of 
otitis media even when the membrane is intact since a previous rupture may heal, sealing 
the yeast infection within the middle ear [78]. In these circumstances, myringotomy is use-
ful, both for diagnosis and flushing of the bulla.

The manufacturers of many of the combination products licensed for the treatment of 
canine OE state that their products should not be used in cases where the tympanic mem-
brane is ruptured, due to the potential ototoxicity of the active ingredients or the vehicle. 
A 1% solution of clotrimazole licensed for the treatment of fungal otitis media in humans 
is favoured by some veterinary dermatologists. An alternative approach is to administer 
itraconazole orally either alone or in combination with topical clotrimazole, although clini-
cal trial data on this approach is not available, and oral itraconazole may not be effective 
in the management of Malassezia OE [79].

10.1.6.3  
Treatment of Malassezia Dermatitis in Dogs

Since M. pachydermatis is located within the stratum corneum of dogs, topical therapy 
alone may be sufficient to resolve the clinical signs of infection. Systemic therapy is often 
used when topical therapy is impractical due to compliance issues relating to the pet or 
owner, in severe cases of generalised dermatitis. As in cases of OE, identification and cor-
rection of predisposing diseases is often essential for successful management, although 
many dogs with Malassezia dermatitis require regular maintenance therapy to prevent 
relapse.

A randomised double-blind parallel study compared the clinical and anti-microbial effi-
cacies of 2% miconazole/2% chlorhexidine shampoo with a selenium sulphide shampoo 
for the treatment of Malassezia dermatitis in 33 basset hounds in the U.K [34]. All 16 
miconazole-chlorhexidine treated hounds and 11 of 17 selenium sulphide treated hounds 
improved when shampooed at 3-day intervals for 3 weeks, but the miconazole-chlorhexi-
dine treated hounds showed significantly greater reductions in pruritus, erythema, exuda-
tion and overall severity, and in counts of M. pachydermatis and coagulase-positive 
staphylococci. Improvements in coat condition and scaling did not vary significantly 
between the two groups. The availability of this highly effective product might explain the 
trend for U.K.-based dermatologists to use topical rather than systemic treatment for canine 
Malassezia dermatitis [80]. Other topical agents used include enilconazole rinses, and 
ketoconazole, selenium sulphide or chlorhexidine shampoos.

Systemic therapy is indicated when topical therapy is ineffective or impractical due to 
compliance issues, or in severe cases where a rapid response is required. Ketoconazole, a 
dioxalane imidazole derivative with both antifungal and anti-inflammatory properties, has 
been widely used in the oral treatment of canine Malassezia dermatitis. Suggested doses 
range from 5 to 10 mg/kg, once or twice daily [18, 33, 81]. Side-effects include anorexia, 
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vomiting, diarrhoea, thrombocytopenia, teratogenicity and hepatotoxicity. This drug should 
not be used in dogs known to have liver disease, and in atopic dogs receiving ciclosporin.

Itraconazole is a triazole antifungal agent that is used for the treatment of various fungal 
diseases in humans and for the treatment of dermatophytosis in cats. The keratinophilic and 
lipophilic properties of this drug enable intermittent administration for the treatment of fun-
gal infections of the stratum corneum [82]. Itraconazole may be better tolerated in dogs 
when compared with ketoconazole, and side effects (principally anorexia) are uncommon at 
a dose of 5 mg/kg, although more frequent anorexia and skin ulceration/vasculitis was noted 
in dogs with blastomycosis that received 10 mg/kg [83]. The efficacy of once daily oral 
administration at 5 mg/kg for 21 days was compared with a pulse regimen (2 consecutive 
days per week) in 20 dogs with Malassezia dermatitis or otitis [79]. Both regimens were 
effective in the treatment of Malassezia dermatitis, and pulse therapy had the advantage of 
reducing costs and the potential for side-effects and potentially improving compliance. 
However, severe claw fold infections may require longer treatment or higher doses [79].

Terbinafine is an allylamine antifungal agent used primarily in the treatment of der-
matophytosis in humans. In vitro studies have shown that terbinafine susceptibility varies 
amongst the different Malassezia spp., although M. pachydermatis appears to be suscep-
tible [54, 58]. Administrating terbinafine at 30 mg/kg once daily for 21 days was appar-
ently well-tolerated and reduced skin M. pachydermatis populations in seven healthy 
basset hounds [33], and in eight dogs with Malassezia dermatitis [81]. Pending further 
safety and efficacy studies, terbinafine may be an alternative treatment in dogs that react 
adversely to ketoconazole or itraconazole.

10.2  
Malassezia spp. as Pathogens in Cats

10.2.1  
Factors Predisposing to Disease

Malassezia yeasts appear to be relatively infrequent pathogens in cats, at least when com-
pared with other carnivores like dogs. This may reflect the less frequent carriage rates 
detected in healthy cats [5, 84–87]. M. pachydermatis can be isolated from the external ear 
canal and mucosae of healthy animals as well as cats with otitis externa and dermatitis. In 
healthy cats, reported percentages of isolation of this species ranges from less than 10% 
[85, 87] to approximately 20% [86, 88–90] and up to 40% [91]. In parallel, M. pachyder-
matis has been identified in 41–71% of cats with OE [88–91]. Lipid-dependent species 
identified as M. furfur [90, 92, 93], M. globosa [85, 90, 91] and M. sympodialis [84, 88, 89, 
92, 94] have been also reported from the skin or the external auditory canal of healthy cats 
or other felids (see also Chap. 3.2).

In 2004, a novel species, M. nana, was described from the otic discharges of a cat in 
Japan [95]. Malassezia nana seems to be the most common lipid-dependent species iso-
lated from cats. This species may have been identified as M. sympodialis in the past. 
Malassezia nana and M. slooffiae have been isolated from cats with different disorders 
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[96], as well as M. slooffiae from the claw folds of healthy cats and animals with sebor-
rhoeic dermatitis [97].

Malassezia yeasts may be recovered from various breeds but Devon Rex cats seem to 
be more frequently colonised [92, 97]. The presence of a high number of lipophilic yeasts 
on cytology correlated with the clinical observation of brown, greasy material in the nail 
folds of Devon Rex cats [92]. In another investigation, the frequencies of isolation and 
population sizes of Malassezia yeasts in the axillae and groin in healthy or seborrhoeic 
Devon Rex cats exceeded those of healthy domestic short-haired cats [97], whereas 
Malassezia counts in Cornish Rex cats, a breed with similar coat characteristics to Devon 
Rex cats, had counts comparable to those of domestic short-haired cats [98]. Further inves-
tigations are needed to explain why the skin of Devon Rex cats is so favourable to coloni-
sation by Malassezia spp.

The isolation of Malassezia has also been associated with retroviral infections [99], 
para-neoplastic syndromes [96, 100, 101], thymoma [101, 102] and diabetes mellitus 
[103]. Based on these findings, Malassezia overgrowth may be considered as a marker of 
life-threatening, underlying diseases in some cats. Malassezia yeasts have also been asso-
ciated with feline acne [104, 105] and idiopathic facial dermatitis [106].

Atopic dermatitis has been described as a common predisposing factor for Malassezia 
dermatitis in dogs whereas this association has been reported less frequently in cats [49, 
107]. A series of 18 allergic cats with multifocal Malassezia spp. overgrowth was reported 
[108]. AD was diagnosed in 16 of these animals. All the cats were otherwise healthy and 
those tested (16 out of 18) were free from retroviral infections. The beneficial effects of 
azole antifungal therapy alone in 5 out of 7 of these cats led the authors to conclude that 
Malassezia spp. yeasts can exacerbate the clinical signs of allergy in cats as well as dogs.

10.2.2  
Clinical Signs

Ceruminous OE responsive to antifungal ear drops remains the commonest clinical pre-
sentation of Malassezia-associated diseases in cats. Like in dogs, Malassezia otitis is char-
acterised by a waxy, moist, brown or yellow exudate with variable erythema and pruritus. 
Yeasts are frequently associated with ear mites (Otodectes cynotis) (Fig. 10.6). Recently, 
secondary Malassezia infection was described in four cats with an unusual proliferating 
and necrotizing otitis externa [109].

Occasional cases of localised or generalised Malassezia dermatitis have also been described 
in cats. In atopic animals, cutaneous lesions related to Malassezia overgrowth commonly 
occur on the face, ventral neck, abdomen and ear canals. These lesions are characterised by 
some degree of alopecia, erythema, greasy adherent brownish scales, hyperpigmentation, eas-
ily plucked hair and follicular casts [110]. Hyperpigmentation and lichenification commonly 
observed in chronic canine Malassezia dermatitis are seldomly (hyperpigmentation) or not 
seen (lichenification) in cats. Exfoliative erythroderma, greasy exudation and varying degrees 
of pruritus may be seen in cases secondary to a severe, systemic diseases [101–103].

The presence of brown, greasy material in the nail folds may be associated with the 
presence of Malassezia yeasts. However, the presence of Malassezia yeasts in the nail 
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folds and concurrent greasy material was not associated with pruritus, even in Devon Rex 
cats with high numbers and the presence of more than one Malassezia species [92].

10.2.3  
Approach to Diagnosis

The criteria required for the diagnosis of Malassezia dermatitis have not been definitively 
established in pet carnivores. However, it may be proposed that such a diagnosis is appropri-
ate when a cat with elevated numbers of Malassezia yeasts on lesional skin shows good clini-
cal and mycological responses to antifungal therapy [80]. The situation in cats is more complex 
than in dogs because feline skin may be colonised by different Malassezia species and because 
the exact role of these species in the pathogenesis of the disease remains unknown.

The list of differential diagnoses may be lengthy because Malassezia dermatitis is usu-
ally associated with other diseases. In Devon Rex cats, Malassezia overgrowth should be 
systematically suspected in cases of SD (without evidence of systemic disease).

Cytological examination is considered as the most useful technique for assessment of 
Malassezia density on the skin surface in cats. Several cytological criteria have been pro-
posed to diagnose canine Malassezia dermatitis including the observation of more than 
two yeasts per high power field in skin specimens. However, no report has been published 
that provided details of yeast density on the surface of normal feline skin and the use of 
threshold values is not recommended in cats.

Fig. 10.6   Large number of Malassezia cells are present on the legs of this ear mite (Otodectes cyno-
tis), a common aural parasite of pet carnivores (service de Parasitologie, ENVA)
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Contact-plate cultural techniques provide a rapid and convenient method for isolation 
of the yeasts [24, 97]. This quantitative method is superior to standard swabbing methods 
because population sizes can be determined, and in most cases, population densities in 
affected areas greatly exceed those of healthy skin. Because of the presence of lipid- 
dependent yeasts on the skin of cats, the use of lipid-supplemented media, especially the 
modified Dixon’s medium, is required.

In cats, histopathological examination of skin biopsy specimens typically shows hyper-
keratosis and irregular epidermal hyperplasia [101]. Other features corresponding to the 
primary cutaneous disease may be seen. As in dogs, Malassezia yeasts are not always vis-
ible in the epidermal stratum corneum, even in cases where large numbers are seen cyto-
logically; this probably reflects disruption of this layer during processing.

10.2.4  
Treatment and Management

Therapeutic measures are similar to those used in dogs. For OE, ear drops containing an 
antifungal drug are very efficient as long as the potential predisposing factor (ear mite 
infestation for example) has been identified and correctly treated.

Feline Malassezia dermatitis is usually treated by systemic antifungal drugs like keto-
conazole or itraconazole [110]. A pulse treatment regimen with oral itraconazole at 5 mg/kg 
once daily for 7 days on, 7 days off and 7 days on was effective in the treatment of five 
Devon Rex cats with M. pachydermatis-associated SD. A 2% miconazole-2% chlorhexi-
dine product has been shown to have good efficacy in dogs, but topical treatments are 
usually not very convenient for cats. Identification and correction of underlying causes 
should be attempted in relapsing cases and when there is the potential for serious concur-
rent systemic disease.

The skin of cats may be colonised by different Malassezia species and significant dif-
ferences in the in vitro susceptibility to antifungal drugs have been demonstrated among 
lipophilic yeasts [54, 58, 61]. As a consequence in future, the specific identification of the 
Malassezia species present on a cat with lesional skin might be useful for the selection of 
the most appropriate treatment.

10.3  
Malassezia spp. as Pathogens in Other Animals

10.3.1  
Malassezia pachydermatis

At the moment, few studies have been published on distribution and pathogenicity of the 
different Malassezia spp. on animals following the last taxonomic revision of this genus 
[111]. Traditionally, the lipid-dependent species were thought to occur only on human skin, 
while M. pachydermatis was restricted to animal skin and in particular to carnivores. In 
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addition to dogs and cats, M. pachydermatis is found in the skin of a wide range of wild and 
domestic animal species, mainly in carnivores [86, 112]. This species is more frequently 
isolated from dogs than cats and appears to be a relatively infrequent pathogen in other 
animals [88, 112], although its prevalence in other animals is probably underestimated.

Both the first association of this yeast with skin disease and the first description of this 
species (as Pityrosporum pachydermatis) was published by Weidman in 1925 [1] in a case 
of an exfoliative dermatitis in an Indian rhinoceros (Rhinocerus unicornis). A similar case 
of exfoliative dermatitis was described more recently in a captive southern white rhinoc-
eros (Ceratotherium simum simum) [113]. Co-infection of large numbers of M. pachyder-
matis and Candida parapsilosis were found in the lesions. Application of a 2.5% natamycin 
solution resulted in complete recovery. This yeast has been shown to be a component of 
the normal skin microbiota of different rhinoceros species [86, 114, 115]. Isolates from 
wide-mouthed rhinoceroses had the exclusive LSU rRNA sequence type Ic [13]. There is 
no genetic information about M. pachydermatis isolates from other rhinoceros species.

More recently, M. pachydermatis-associated dermatitis has been also reported in sea 
lions. In a Californian sea lion (Zalophus californianus) this species was found responsible 
for cutaneous lesions on both flanks and chest (Fig. 10.7), which were successfully treated 
with topical 0.2% enilconazole [116]. All isolates from this animal belonged to the LSU 
rRNA sequence type Id that is typically isolated from dogs. To date, only one additional 
report has been published affecting, in this case, a South American sea lion (Otaria 
 byronia) with generalised dermatitis [117]. The same yeast was isolated from water in 
which the animal was kept.

Only a single case of SD in a goat associated with M. pachydermatis has been reported 
[118]. Cytological examination showed yeasts of variable morphology with long, cylindri-
cal, ovoid or globose cells suggesting that several species of Malassezia were present on 
the skin of this animal. Colonies compatible with M. pachydermatis were recovered from 
the lesional skin on Sabouraud’s glucose agar with gentamicin. However, no specific cul-
ture media were used for recovering lipid-dependent yeasts. This animal was successfully 
treated with chlorhexidine shampoo and a 0.2% solution of enilconazole.

In addition to dogs and cats, OE associated to M. pachydermatis has been also cited in 
fennecs and ferrets [86]. An outbreak of otitis and pinnal necrosis in ferrets associated with 
Malassezia yeast infection where mites were probably the primary pathogen has been also 
described [119]. Isolates from these animals have the special LSU rRNA sequences type Ib 
and Ig, respectively, different from the dog and cat strains that are  distributed among the 
types Ia, Id and Ie [13]. In addition to these animals, OE associated to M.  pachydermatis has 
been also reported in pigs and in one camel [120, 121].

Malasezia pachydermatis has been also involved in a skin disorder in a black bear 
(Ursus americanus) found dead in a pasture with patches of mild alopecia and scaling on 
the thorax and ears [122]. Although no ticks, mites, or apparent effects of trauma were 
observed in this case, these authors pointed out that it was difficult to determine whether 
M. pachydermatis was an infectious agent or merely a commensal of the skin. These same 
authors [123] reported the association of M. pachydermatis with sarcoptic mange in red 
foxes (Vulpes fulva), porcupines (Erethizon dorsatum) and coyotes (Canis latrans).

Although M. pachydermatis is not recovered from lagomorphs [86] a combined Sarcoptes 
and Malassezia spp. infection was diagnosed in a rabbitry [124]. High numbers of round 
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to oval budding yeast cells were detected in different skin sections but a culture was not 
done, and cell morphology showed in this publication suggest a Malassezia spp. distinct 
from M. pachydermatis. It has been isolated also from acoustic meatus of bats (Molossus 
 molossus) of the Amazon region, Brazil [125], but without associated infection.

Malassezia. pachydermatis was isolated repeatedly from a scarlet macaw; this is the first 
report of birds affected by this yeast [126]. Malassezia yeasts were not detected in a recent 
study of the distribution of these organisms on the skin of healthy psittacine birds and psit-
tacine birds with feather-destructive behaviour [127]. No specific culture media was used in 
this study for recovering lipid-dependent yeasts. However, Malassezia yeasts have isolated 
from different species of birds, including parrots, in other previous studies [128, 129].

10.3.2  
Lipid-Dependent Malassezia Species

The skin of animals can be also colonised by lipid-dependent species in addition to 
M. pachydermatis, but very little is known about their pathogenic role in animal skin. 
These lipid-dependent species constitute the major population of the lipophilic mycobiota 
in herbivores such as horses, goats, sheep and cows [130]. Different species such as 
M. furfur, M. globosa, M. obtusa, M. slooffiae, M. sympodialis and M. restricta were iden-
tified using phenotypic methods, although a large number of isolates could not be  identified. 

Fig. 10.7   M. pachydermatis-
associated dermatitis in a 
Californian sea lion 
characterised by a papular 
dermatitis of the flank
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The occurrence of lipid-dependent species in these animals was more frequent than that of 
M. pachydermatis.

Bliss [131] identified Malassezia cells morphologically distinct from M. pachydermatis 
in milking goats that had circular lesions on the udder similar to those seen in pityriasis 
versicolor in humans. The lipid-dependence of the yeasts could not be demonstrated 
because attempts at isolation were unsuccessful. More recently, a case of generalised der-
matitis in an adult Pygmy goat associated to M. slooffiae has been reported [132]. Large 
numbers of yeasts and hyphal forms consistent with some Malassezia species were detected 
in skin scrapings from affected areas of the skin. These yeasts were identified in the skin 
by DNA sequencing of the LSU rRNA gene that exhibited almost 100% homology with 
M. slooffiae AJ249956 sequence. However, Malassezia spp. were not isolated from skin 
scrapings inoculated onto modified Dixon’s agar, Leeming’s medium, or Sabouraud’s dex-
trose agar supplemented with olive oil. Skin disease was not reported in the other animals 
in the herd. M. caprae, a new lipid-dependent species isolated mainly from healthy goats, 
has been recently described [133].

Lipid-dependent species have been associated with OE in bovines [134, 135]. Different 
species such as M. furfur, M. sympodialis, M. slooffiae and M. globosa were phenotypically 
identified from cerumen or secretions of the external ear of these animals. Two examples of 
M. furfur were confirmed by rDNA sequence analysis. Two lipid- dependent strains from 
cows with OE from Brazil were genetically conspecific with the type strain of M. nana, a spe-
cies described from a cat with OE [95]. However, molecular analyses showed that there were 
some differences between the cat strain and the cow strains. Otitis in cattle, among other fac-
tors, is commonly attributed to infestation caused by rhabditiform nematodes, ticks and mites. 
Recently, Malassezia spp. have been associated with soil nematodes using PCR techniques, 
and their role as possible ‘vectors’ for species of Malassezia has been suggested [136].

A lipid-dependent species has been also associated with OE in an okapi (Okapia john-
stoni) [86]. More recently, the fungal flora of the ear canal of captive okapi with otitis has 
been studied but Malassezia spp. were not isolated [137]. However, the cultural conditions 
(Sabouraud’s dextrose agar plates incubated at 26°C for 48 h) were not appropriate for 
recovering lipid-dependent yeasts, and M. pachydermatis colonies might not have devel-
oped well during the 2 day-period of incubation.

Malassezia sympodialis was isolated from the skin of a horse with dermatitis; the strain 
was identified by means of phenotypic characterization and electrophoretic karyotyping 
[138]. This species has been also reported in horses without skin disease together with 
other lipid-dependent species and non-identified isolates using phenotypic techniques 
[130]. The presence of a novel Malassezia species was reported from normal equine skin 
[139], which was tentatively named “Malassezia equi”, but a valid description was not 
included. It was identified by 26S rDNA D1/D2 sequence analysis as a member of the 
genus Malassezia, and was found to be most closely related to M. sympodialis. Several 
isolates from horses phylogenetically related to M. sympodialis grouped together by D1/
D2 and ITS sequence analysis and were considered conspecific strains [140]. These yeasts 
have been finally included in the newly described species, M. equina [133].

Malassezia sympodialis was also isolated from clinically-altered combs of adult chick-
ens, but it was also frequently isolated from healthy birds, and the authors concluded that 
it was a member of the resident flora [141]. In this study, yeasts were identified by pheno-
type and no other Malassezia species was isolated.
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10.4  
Zoonotic Transmission of M. pachydermatis

There are many bacterial and viral diseases that are transmissible from animals to humans 
whereas few mycoses are usually considered as zoonoses. Dermatophytosis associated with 
zoophilic dermatophyte species (e.g. Microsporum canis and Trichophyton verrucosum) 
and cat-transmitted cases of sporotrichosis are well known. However, the role that animals 
play in the epidemiology of the main human mycoses is still not well known and definitive 
environmental niches for their fungal agents have not been completely determined [142].

Although M. pachydermatis is mainly adapted to animals, it has also been implicated as 
a zoonotic agent. The first reports of systemic infection in humans by M. pachydermatis 
were published in the 1980s [143, 144]. Except for a single eye infection report by this spe-
cies, the remaining cases involved infants in neonatal intensive care units. Until that time, 
reports of catheter-related Malassezia spp. sepsis in infants were caused by the anthropo-
philic species M. furfur, a relatively uncommon cause in these cases compared with other 
yeasts such as Candida spp. [145]. In a retrospective study of 32 Malassezia spp. isolates 
from human clinical specimens received since 1984 at the Centre for Disease Control in 
Atlanta (USA) [146], 15 were identified as M. pachydermatis. These last isolates were 
mainly from skin, tissue fluids (e.g. eye, ear, vagina) and four were isolated from blood. 
These authors reported that they had received M. pachydermatis from neonates who were 
receiving fat emulsions intra-venously and from compromised adults with various syn-
dromes. In these cases, the clinical presumption was that the patients had infections caused 
by M. furfur. At this time, the epidemiology of M. pachydermatis with systemic infection 
in humans was mysterious because man is a rare carrier of this zoophilic species [147]. 
Also, it was unclear whether this species was harboured by a significant number of humans 
or whether some individuals were simple reservoirs for commensal or infectious associa-
tions between house pets and predisposed humans [146]. Subsequently, several additional 
studies have reported similar neonatal infections by M. pachydermatis [148–150].

The zoonotic association of pets with these neonatal infections was firstly mentioned by 
Chang et al. [148]. These authors hypothesized that M. pachydermatis was introduced into 
the intensive care nursery on health care workers’ hands after being colonised from pet dogs 
at home. This species persisted in the nursery through patient-to-patient transmission. The 
mechanism of introduction and reservoir of M. pachydermatis were traced by molecular 
typing using RFLP. A common strain caused colonisation in the dogs, colonisation and 
infection in the infants, and colonisation in the health care workers. Careful hand-washing 
practises were essential to stop this outbreak. In the neonatal intensive care unit, strains of 
M. furfur and M. pachydermatis may persist on incubator surfaces for prolonged periods of 
time [151]; in this last study, all clinical M. pachydermatis strains appeared to be identical 
by PCR fingerprinting.

Skin colonisation by Malassezia species in full-term healthy newborns has been also 
investigated [152]. M. pachydermatis was not isolated from the skin of human neonates, 
but M. sympodialis and M. globosa colonisation begins at birth and increases in the first 
weeks of life. This study corroborates the animal origin of M. pachydermatis in human 
infections. Carriage of M. pachydermatis in dog owners was evaluated by microbiological 
culture and nested PCR [153], corroborating the possible route of zoonotic transmission in 
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these neonatal infections. PCR identified this species on most (approximately 93%) human 
participants, whereas fungal culture was less reliable at detecting detect carriage with only 
3 out of the 50 owners (6%) of healthy dogs positive by this method. In contrast, 29 out of 
the 75 owners (38.7%) of dogs with Malassezia dermatitis or otitis were positive for 
M. pachydermatis. A severe systemic infection by M. pachydermatis in an adult with acute 
myeloid leukaemia that underwent an allogeneic bone marrow transplantation has been 
cited [154], similar to the infections previously noted in neonates.

Currently, in human medicine, there are no known reports of intra-vascular catheter-
acquired infections in humans by lipid-dependent species from animals, and no reports of 
fungemia caused by lipid-dependent species other than M. furfur. In fact, nearly all the 
fungemia reports produced by lipid-dependent species have been described as produced by 
M. furfur sensu lato, because they were performed before the taxonomic revision of the 
genus Malassezia [111], or the differentiation of the new Malassezia species was not used. 
However, the only lipid dependent Malassezia species isolated from human blood included 
in the last revision of the genus Malassezia was grouped within M. furfur sensu stricto 
[111]. Molecular methods were used to identify and type the new Malassezia species from 
different sources [155] to demonstrate that all the lipid-dependent yeasts from systemic 
diseases were M. furfur with a unique AFLP genotype. However, an atypical non lipid-
dependent M. sympodialis was recently reported in an elderly patient with central venous 
catheter-related infection [156].

A heightened awareness of the potential for the transfer of Malassezia spp. to human 
patients and the application of molecular typing methods might lead to the recognition of 
more cases in the future. On the other hand, the renewed emphasis on hand hygiene in 
hospitals following the emergence of nosocomial infections with multidrug-resistant bac-
terial pathogens should help prevent the development of zoonotic Malassezia spp. 
infections.
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11.1  
Introduction

Malassezia-related skin diseases affect a large proportion of the population globally. Suffice 
to mention that PV accounts for a substantial percentage of all superficial dermatomycoses, 
amounting up to 40% in areas with warm and humid climate [1], and dandruff/seborrheic 
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Core Messages

In the last decade, several  › Malassezia-based research fields were encouraged by 
the revised taxonomy of the genus, and a significant body of fundamental and 
applied research data was generated. Building an information system to archive, 
process, evaluate, and utilize these data may be regarded as a practical research 
tool for researchers and other professionals. This information system will allow 
timely access to epidemiological surveillance data and will be a tool for 
laboratory surveillance of Malassezia-associated diseases, incorporating a defined 
set of conventional and molecular identification and typing information, as well 
as chromatographic data for the characterization of Malassezia yeast metabolites. 
The notion of the Malassezia website interlinking to other web-based repositories, 
such as the multilocus sequencing typing (MLST) (http://www.mlst.net), is 
certainly within the scope of designing this website. 

http://www.mlst.net
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dermatitis (D/SD) affects 45–50% of the global population [2] (viz. Chaps. 3, 6 and 7). 
Topical antifungals constitute the mainstay of treatment, and chronic prophylaxis [3] is often 
required to prevent recurrences (viz. Chaps. 6, 7 and 8). As treatment regimens comprise a 
significant national and private health service spending, Malassezia-based research outcomes 
can provide solutions to cost-effective management strategies. For this purpose, appropriate 
compilation, analysis, and assessment of research-generated data would be of assistance.

Besides the involvement of Malassezia yeasts in the skin diseases of man and animals, 
their occasional implication in bloodstream infections and outbreaks in neonatal and adult 
intensive care units (ICU) (viz. Chaps. 3 and 8), as well as their apparent global occur-
rence, has made them important and interesting to study. Consequently, a wide array of 
investigations encouraged by the revised taxonomy of the genus (viz. Chap. 2) generated 
new knowledge on Malassezia biology, phylogeny, epidemiology, genomics, and 
pathophysiology (viz. corresponding Chapters). This led to the accumulation of a consid-
erable body of data covering diverse aspects of Malassezia research. Building an informa-
tion system to archive, process, evaluate, and utilize these data and information can 
therefore become a practical research tool. In that respect, the database hosted by the 
Malassezia website can accommodate biological, physiological, biochemical, and genomic 
information of isolates derived from cases of human and animal skin diseases and healthy 
carriers, as well as isolates from human invasive disease.

Making use of a database with Malassezia species profiles from different skin diseases, 
systemic manifestations, and carriage would provide researchers and professionals with 
timely access to epidemiological data. In addition, it could serve as a tool for laboratory 
surveillance of Malassezia-associated diseases, incorporating a defined set of conventional 
and molecular identification and typing data. For instance, information on a case could be 
included, only if the researcher/professional deposits a complete identification and typing 
dataset. A further prerequisite may be the deposition of the isolate(s) in a public culture 
collection. Indeed, in this case, sequence-based identification is superior because of its 
accuracy and reproducibility.

The genus Malassezia is relatively small. Currently, 13 species are recognized, although 
lately a new species that was isolated from a hamster has been genetically characterized 
[4]. The recognition of this imminent species novus was based on two markers for differ-
entiation from other Malassezia species: the nucleotide sequences of the 26S rDNA and 
the ITS1 region. Notwithstanding that fact, important information including the pheno-
typic characterization of the Malassezia isolate, the exact genus and species of the hamster 
host, and the site of isolation of the yeast (lesional or healthy skin) is still pending. It is 
therefore obvious, that as more species are recognized more data are accumulating, requir-
ing analysis and evaluation in order to establish their clinical significance. Retrieving 
information from the Malassezia website could immensely facilitate investigative and 
valuation procedures.

As previously discussed (viz. Chap. 3), the Malassezia ribosomal DNA (rDNA) is the 
most commonly studied sequencing target, namely the ITS regions ITS1 and ITS2, and the 
Dl-D2 regions of the large subunit (LSU) rRNA gene. A large mass of these sequencing 
data has been deposited in the GeneBank (http://www.ncbi.nlm.nih.gov). For many 
Malassezia researchers, sequencing data guide the species placement within the Malassezia 
genus. Nevertheless, the GeneBank being an open database accepts sequences as submitted 

http://www.ncbi.nlm.nih.gov
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by the depositor without further editing. As a result, some GeneBank search products may 
yield a number of similar species results for a single query sequence. To avoid this setback, 
the Malassezia website can provide a reference sequence database with curated sequences 
to be used for the accurate identification of species within the genus. A future utility of the 
Malassezia website would be to provide high resolution fingerprints of nosocomial out-
break isolates from different geographical locations, thus supporting initial recognition of 
possible spatio-temporal clusters of cases caused by identical genotypes. This of course 
would entail standardization of a consensus PCR-based typing method.

The Malassezia website aims to achieve a structured collection of records that could 
allow researchers to deposit and retrieve data related to Malassezia and is founded on the 
experience with the yeast taxonomy website (www.mycobank.org/yeast), the Scedosporium 
website (http://www.scedosporium-ecmm.com/Database/BioloMICS.aspx), and the ITS 
sequences database of Candida species (www.mycologylab.org). In this chapter, we briefly 
describe the major features of the website, and review the usefulness and potential prob-
lems of specialized repositories for archiving phenotypic and genotypic data. Finally, 
basic, step-by-step, instructions for using this website are provided, including descriptions 
on how to store data records and how relevant information-processing activities are auto-
mated. This aims to aid the voluntary contributions of scientists and make it a potentially 
useful resource for the Malassezia research community.

11.2  
Description of Functionalities

The software used to publish the Malassezia data is called BioloMICS [5]. It can be used for 
retrieval, management, and analysis (e.g., identification, classification and statistics) of any 
biological material or research experiment. In 2000, the BioloMICSWeb [6] software pack-
age already allowed online Internet publication of the data prepared with BioloMICS. It also 
permits polyphasic identifications to be performed online against species or strain databases 
[7] (see www.cbs.knaw.nl/Yeast.htm; 7,800 strains, 901 species, ±350 characters), Penicillium 
[8] (see www.cbs.knaw.nl/Penicillium.htm; 58 species, ±60 characters), or Phaeoacremonium 
[9] (see www.cbs.knaw.nl/Phaeoacremonium.htm; 22 species, ±40 characters).

11.2.1  
Fields and Data

A preliminary list of fields has been established mainly based on the needs of people work-
ing in the medical field. Fields/characters can be added, modified, deleted, re-ordered, re-
organized and grouped at any time by the administrator in charge of the database. Therefore, 
the list provided in Table 11.1 is not a definitive one and can be adapted according to the 
needs of the Malassezia research community.

The complete and up to date list of fields can be found at www.mycobank.org/malassezia/
Help.aspx. The way to create links between websites is also provided at the same address.

http://www.mycobank.org/yeast
http://www.scedosporium-ecmm.com/Database/BioloMICS.aspx
http://www.mycologylab.org
http://www.cbs.knaw.nl/Yeast.htm
http://www.cbs.knaw.nl/Penicillium.htm
http://www.cbs.knaw.nl/Phaeoacremonium.htm
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Table 11.1   Synoptic list of available fields sorted by type

List of available fields Options or states Type of field

Date of isolation of the strain 
(dd/mm/yyyy)

Date

Outcome date (dd/mm/yyyy) Date
Latitude, longitude where 
isolated (radians)

Latitude, longitude

Bibliography Link to bibliographic table
Microscopic pictures Link to picture(s)
Miscellaneous pictures Link to picture(s)
Associated pathology (human 
or animal)

Pityriasis versicolor, atopic 
dermatitis, seborrhoic 
dermatitis, psoriasis, folliculitis, 
bloodstream infection, 
colonization, commensal, 
site of lesion (ear, scalp, 
skin, etc…)

Multiple-choice

Underlying disease(s) factors AIDS/HIV, autoimmune 
disease, cancer, bone marrow 
transplantation (BMT), 
hematopoeitic stem cell 
transplantation (HSCT), 
nonablative allogenic 
transplant, diabetes, 
solid organ transplant, 
prematurity, surgical 
operation, etc…

Multiple-choice

CD4 cells Minimum–maximum Range
ITSs sequence Sequence
Large subunit rDNA 26-28S 
sequence

Sequence

Molecular typing map Image
Macroscopic, microscopic, 
morphology ultrastructure, 
physiological and biochemical 
profiles (viz. Chap. 2)

Text*

Outcome of patient in NICU 
or ICU

Death, death due to other 
disease(s), cured

Single choice

Sex Male, female Single choice
Age of patient Text*
Antifungal treatment: drugs, 
dosages, starting and ending 
dates

Text

Associated pathology remarks 
(humans or animals)

Text

Clinical data remarks (type of 
lesions, fever, neurological 
and pulmonary signs, etc…)

Text
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11.2.2  
General Search

The “General search” option (www.mycobank.org/malassezia/BioloMICS.aspx) allows 
querying any text field available from the database (Table 11.1). Other fields could be 
queried using the “Advanced searching option.”

Enter the text to be found in the text box and click on the “Search” button (Fig. 11.1).
The default option is a wild card search, but one can also select the exact match option 

in order to reduce the number of records found. It is also possible to perform basic joined 

Table 11.1   (continued)

List of available fields Options or states Type of field

Clinical presentation remarks Text
Depositor reference number 
of the isolate

Text

Depositor’s center name 
and address

Text

General remarks Text
Identified by Text
Locality of isolation 
(country, city, etc…)

Text

Metabolites production Text
Name of the depositor Text
Optimal medium and 
temperature for growth (°C)

Text

Other collections numbers Text
Patient’s city, country 
and hospital/ward

Text

Race Caucasian, African, Asian, 
Indian, etc…

Text

Veterinary host Dog, cat, other mammals, etc… Text
Species name given 
by the depositor

Text

Species name given 
by the Malassezia group

Text

Strain isolated from/substrate 
(man, animal, etc…)

Text

Time required to obtain 
a visible colony (under 
optimal conditions) never 
in hours

Text

Underlying disease remarks 
or underlying diseases

Text

*The user is able to write in a text-box positioned next to each relevant field.

http://www.mycobank.org/malassezia/BioloMICS.aspx
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queries using the “AND” or “OR” separators (only one at the same time). For example, 
“Sweden OR Greece” or “Sweden AND Greece.” “Sweden AND (Japan OR Belgium),” 
however, is not possible in the general search, but is possible via the “Advanced search.”

11.2.3  
Advanced Search

The “Advanced search” option (www.mycobank.org/malassezia/BioloMICS.aspx?Search 
Opt=4) allows querying any field available from the database. Queries can be performed 
in five steps:

Step 1. Select a field to search from the list of all available fields.
Step 2. Depending on the field selected in step 1, an entry box or one or two dropdown 

list(s) will be displayed and one has to select the state/keyword of interest.
Step 3. Add the selected state/keyword to the list of conditions or questions.
Step 4. The way the conditions are combined is provided in the text box of step 4. By 

default, conditions are appended with the “AND separator.” This could be changed using 

Fig. 11.1   General search page in the Malassezia database

http://www.mycobank.org/malassezia/BioloMICS.aspx?SearchOpt=4
http://www.mycobank.org/malassezia/BioloMICS.aspx?SearchOpt=4


11 Malassezia Database 307

the “OR,” “AND” and “NOT” keywords. One can also use the brackets to join two or 
several conditions together.

Step 5. Click on the “Search” button to perform the query on the current database.
One can change a given query by just changing the “OR,” “AND,” and “NOT” key-

words and the bracket positions or deleting a given condition from the list and finally 
clicking on the “Search” button again.

11.2.4  
Additional Notes on Complex Queries

“C00 AND C01 OR C02” is equivalent to (“C00 AND C01”) “OR C02” and means that 
questions/conditions 0 (i.e. C00) and 1 (i.e. C01) or question/condition 2 (i.e. C02) have to be 
fulfilled for the record to be selected. In a given database, this could allow the retrieval of a 
certain number of records. Another grouping of the questions, like C00 AND (C01 OR C02), 
will lead to a different selection of records. In this latter example, questions/conditions 1 or 2 
have to be fulfilled at the same time than question 0. The use of brackets can therefore impor-
tantly change the results of the queries, even with the same original questions/conditions.

All the opened brackets have to be closed. One may remove a question manually. For 
example, in C00 AND C01 AND C02, one may remove the question/condition 1 and this 
would then look like C00 AND C02. The AND, OR, NOT could be switched. For exam-
ple, one may manually change the query from (C00 AND C01) OR C02 to (C00 AND 
NOT C01) OR C02 or to C00 AND C01 AND C02. Also, one should be aware that a space 
is needed before and after the AND, OR and the NOT. Any character other than the open-
ing “(‘ and closing ‘)” brackets should not be added.

Wrongly written advanced queries like (C00 AND C01) AND C02 or C00 AND 
C01AND C02 (for example) will lead to a message stating that no record was found or that 
the query was wrong.

11.2.5  
Online Deposit of Data

Any registered user can deposit data via the online deposit form. Only registered users can 
deposit and modify previously deposited records. The rationale behind the registration is to 
avoid corruption of the database by mal-intentioned users. The curator of the database has 
the right to modify or delete any record that would not be relevant or contain wrong data.

11.2.6  
Registration

Registration is free, can be done in a few minutes and in 2 steps:
Step 1. Go to www.mycobank.org/malassezia/DefaultPage.aspx and click on the 

“Create profile” button or go directly to www.mycobank.org/malassezia/RegisterNew.
aspx. Enter the email identification code and click on the “Obtain password” button to get 
a temporary password by email.
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Step 2. Follow the instructions provided in the received email and go to www.myco-
bank.org/malassezia/DefaultPage.aspx. Enter your email Id and provisional password and 
click on the “Edit my profile” button. You will then be redirected to the registration, where 
one can enter personal information details. The password can also be changed using the 
“Save changes.” Registration is then complete and data can be deposited.

11.2.7  
Deposit of New Record

To add new records to the database via the online deposit form, go to www.mycobank.org/
malassezia/BioloMICSSelector.aspx, register and click on the “Add” button. A new empty 
form will be displayed. Data can then be entered. Note that the “Description field” should 
contain your own strain description ID and that some of the fields highlighted in red and 
bold are mandatory. Once the form is complete, click on the “Save button,” on top of the 
form. As it is the case with similar websites, the curator(s) of the database will then receive 
a warning email confirming that a new record was deposited. The curator(s) can then 
review the deposited data and modify them if needed. As soon as the new record is saved, 
it can be viewed by any users, queried, and used for polyphasic identification, if relevant 
data are being introduced.

11.2.8  
Modification or Deletion of Existing Record

To modify the existing records of the database via the online deposit form, go to www.
mycobank.org/malassezia/BioloMICSSelector.aspx; register and type the unique identifier 
of the record (record description) and click on the “Search” button. Then select the record 
to be changed and click on the “Edit” button. Data associated with the record will then be 
displayed and could be modified and saved. Note that regular users can only modify their 
own records. Only the curator can modify any records. Deletion of a record can be done by 
clicking on the “Delete” button, instead of the “Edit” button.

11.3  
Online Identification

The two online identification options are major elements and functionalities of the Malassezia 
website, including pairwise sequence alignments and polyphasic identification.

11.3.1  
Pairwise Sequence Alignments

With “Pairwise sequence alignments,” one can align any given sequence against a standard 
fungal sequence reference database compiled using sequences from Genebank (www.ncbi.

http://www.mycobank.org/malassezia/BioloMICSSelector.aspx
http://www.mycobank.org/malassezia/BioloMICSSelector.aspx
http://www.ncbi.nlm.nih.gov
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nlm.nih.gov) and the CBS (www.cbs.knaw.nl). The algorithm used is a modified version 
of Blastn [10] where best matching sequences are ordered by similarity instead of 
probability.

To perform such analysis, go to www.mycobank.org/malassezia/BioloMICS 
Sequences.aspx; accept the disclaimer and paste the sequence to identify in the text box; 
and click on the “Start alignment” button.

11.3.2  
Polyphasic Identification

The polyphasic identification option allows for the comparison between user’s unknown 
record and the database of Malassezia strains. Comparisons are based on single-, multiple-
choice-, range-, latitude–longitude- and sequence fields. Only the fields where both the 
record to be identified, that is the unknown Malassezia isolate, and the reference record, 
that is the Malassezia species the unknown isolate is compared with, are filled in and con-
sidered. Different algorithms, weighting and tolerance factors are used for the different 
fields.

When comparing several records with one another, the BioloMICS software computes 
local similarity coefficients for the characters that have been selected/included in the anal-
ysis (characters can be individually included in or excluded from the analysis). More infor-
mation can be found on the algorithms used for the comparisons of data at www.bio-aware.
com//BioloMICSHelp/index.html. Navigate to section “Databases and characters,” 
“Characters and fields,” and then “Type of characters/fields, applicability and associated 
algorithms.” Subsequently, a global similarity coefficient is computed by the following 
formula [11]:

Where, Sjk is the global similarity coefficient for the comparison of records j and k; Si is 
the local similarity coefficient for character I; Wi is the weight of character I; n is the num-
ber of characters accounted in the similarity comparison.

The polyphasic identification option can be started from the following page www.
mycobank.org/malassezia/BioloMICSID.aspx. Read the disclaimer, check the box if 
agreeing and fill the form with the available data. Then click on the “Identify” button on 
top of the form. After a few seconds, the first 30 most similar records are displayed and 
sorted by decreasing similarity. By clicking on the similarity value hyperlink, one can 
obtain a pairwise and detailed comparison between the record to identify and the selected 
reference record (Fig. 11.2).

In addition to the list of best matching records, one can also produce a phenetic tree 
based on one of the following agglomerative clustering method: unweighted pair-group 
method using arithmetic mean (UPGMA), unweighted pair-group method using centroids 
(UPGMC), weighted pair-group method using arithmetic averages (WPGMA), weighted 
pair-group method using centroids (WPGMC), Single and Complete Linkages, Ward, 
Lance & Williams flexible method, and Neighbor Joining.

http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://www.cbs.knaw.nl
http://www.mycobank.org/malassezia/BioloMICSSequences.aspx
http://www.mycobank.org/malassezia/BioloMICSSequences.aspx
http://www.bio-aware.com//BioloMICSHelp/index.html
http://www.bio-aware.com//BioloMICSHelp/index.html
http://www.mycobank.org/malassezia/BioloMICSID.aspx
http://www.mycobank.org/malassezia/BioloMICSID.aspx
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11.4  
Conclusions

The currently presented version of the website is in its infancy and cannot be regarded as 
a reference yet. However, the basics are present to make it a dynamic and successful solu-
tion. It will be the responsibility of the user’s community to contribute to it and to trans-
form this trial into a success story. Previous experiences with similar websites proved that 

Fig. 11.2   Identification and agglomerative clustering will be possible using the Malassezia 
database
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data depositors are enthusiastic in the early stages and tend to lose interest if the users and 
contributors community is not large enough. Online databases associated with collections, 
and managed by professional curators are more likely to be successful as well. Of course, 
the content and functionalities of the website are key factors for success, and feedback 
from the user’s community should be accounted and implemented in subsequent versions. 
The notion of the Malassezia website interlinking to other web-based repositories such as 
the multilocus sequencing typing (MLST) (viz. Chap. 8.3) (http://www.mlst.net) is cer-
tainly within the scope of designing this website. Such link could bring together biological, 
physiological, chromatographical, clinical, antifungal resistance and descriptive epidemi-
ology data with MLST maps.
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Natural	killer,	217
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Normolipidemia,	75,	91
Nucleotide	sequence	analysis,	76

O
Okapia johnstoni,	290
Online
deposit	of	data,	307
identification,	308

Onychomycosis,	191
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aureus,	9,	151
Stratum	corneum,	85,	188,	244,	279
cells,	148,	149
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UV-light,	211

V
Vitiligo,	183
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