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ABSTRACT

Yeasts from the genus Malassezia belongs to normal
commensal skin flora of warm-blooded vertebrates.
These yeasts may act as opportunistic pathogens and
cause skin diseases in humans and animals under cer-
tain conditions. The identification of Malassezia species
is based on the phenotypic or genotypic diagnostics.
The methods used for the phenotypic identification is
determined by: the growth on Sabouraud agar, growth
on selective media (Leeming-Notman agar, Dixon agar,
Chrom Malassezia agar), the ability to utilise differ-
ent concentrations of Tween, monitoring of the growth
on CEL agar (soil enriched with castor oil) and TE agar
(Tween-esculine agar), and the catalase test. The genotyp-
ic identification uses molecular methods like: the pulsed
field gel electrophoresis (PFGE), random amplified poly-
morphic DNA (RAPD), amplified fragment lenght poly-
morphism (AFLP), denaturing gradient gel electrophore-
sis (DGGE), and the DNA sequence analysis.
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INTRODUCTION

Malassezia yeasts are lipophilic organisms known for
more than a century as a part of the natural human skin mi-
croflora, as well as the agents of some skin diseases. Yeasts
have also been considered as the agents of occasional sys-
temic infections since the 1980s [5].

After the first isolation from an Indian rhinoceros, Mal-
assezia yeasts were subsequently found in wild mammals
(bears, wolves, coyotes, foxes, seals, sea lions, llamas, por-
cupines, elephants, armadillo, monkeys, ferrets, leopards),
as well as in domestic animals (dogs, cats, horses, cattle,
sheep, goats, pigs). Malassezia yeasts were also isolated
from various species of birds, therefore it is assumed that
these yeasts may be found in all warm-blooded vertebrates
[20] and their distribution in nature is currently being ex-
amined by molecular techniques [5].

Until the late 1980s, only two species were known with-
in the genus, Malassezia furfur and Malassezia pachyder-
matis [9].

It took a long time to understand the importance of lip-
ids for the growth of Malassezia yeasts, so it was difficult

to maintain cultures in vitro [5]. M. furfur was considered
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as lipid-dependent yeast, occurring in humans, whereas
the lipophilic but not lipid-dependent species M. pachy-
dermatis, was found in domestic carnivores, particularly
in dogs [9, 28]. Later, other species have been found and
described and the range of animal hosts greatly extended
[20]. M.sympodialis, the third accepted species isolated
from human skin, was discovered a century after M. furfur.
The genus Malassezia was revised in 1996 on the basis of
morphological, physiological and rRNA studies and four
new lipid-dependent species were described, M. globosa,
M. obtusa, M.restricta and M. slooffiae [26]. Many reports
have shown that the skin of healthy animals, in addition to
M. pachydermatis, may have also been colonized by the lip-
id-dependent species [9] as M. obtusa, M. globosa, M. sloof-
fiae, M. furfur and M. sympodialis were found in cattle and
goats. A new species M. caprae was also isolated from goats.
M. equina was found in horses [20] and M. nana was iso-
lated from cats and cattle [34].

Nowadays, Malassezia can be isolated from almost all

domestic and wild animals [9]. Molecular methods helped

reveal new types of Malassezia also in humans, such as
M. dermatis, M. yamatoensis and M. japonica [5]. Currently,
Malassezia genus includes 16 species (Table 1) which colo-
nize human or animal skin [10].

Malassezia yeasts are primarily located in the sebaceous
glands, which provide lipids necessary for their growth
[19]. The sebaceous glands are mostly found on the face,
head, chest and back which made these places the most af-
fected by yeast infections [61]. The Malassezia genus is typi-
cal in its morphology and afhinity to lipids in the medium
[5]. All members of this genus, except for M. pachyderma-
tis, need for their growth medium supplementation with
long chain fatty acids (C12—C24). M. pachydermatis is able
to grow without the addition of lipids in the medium, but
more vigorous growth can be seen in the presence of lipids.
Species, requiring the addition of lipids in the medium are
called lipid-dependent [61].

The most frequently isolated zoophilic species is
M. pachydermatis, which is often associated with the in-

flammation of the external ear canal and various types of

Table 1. Currently described Malassezia species, authors,
year of the description and their main hosts

Malassezia species Discovery Main host/others
M. furfur (Robin, Baillon) 1889 man/cow, elephant, pig, monkey, pelican
M. pachydermatis (Weidman, 1925 dog, cat/carnivores, birds
Dodge)
M. sympodialis (Simmons & Guého) 1990 man/horse, pig, sheep
M. globosa (Midgley etal) 1996 man/cheetah, cow
M. obtusa (Midgley etal) 1996 man
M. restricta (Guého etal) 1996 man
M. slooffige (Guillot etal.) 1996 man, pig/goat, sheep
M. dermatis (Sugita etal) 2002 man
M. japonica (Sugita etal) 2003 man
M.nana (Hirai etal) 2004 cat, cow/dog
M. yamatoensis (Sugita etal) 2004 man
M. caprae (Cabafies and Boekhout) 2007 goat/horse
M.equina (Cabafes and Boekhout) 2007 horse/cow
M. cuniculi(Cabafies and Castelld) 20m rabbit
M. brasiliensis (Cabanes etal.) 2016 parrot
M. psittaci (Cabanes etal.) 2016 parrot
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dermatitis in animals [13]. It usually occurs in dogs, cats
and less frequently it can be isolated from other animals.
This yeast is opportunistic and may become pathogenic
when environmental changes of the skin surface occur or
in the immunosuppressed hosts. In some breeds of dogs
the growth of yeasts can be supported by different types of
hypersensitivity (such as flea bite allergy, food hypersensi-
tivity and atopy) and long term antimicrobial therapy or

therapy with corticosteroids [9].

IDENTIFICATION OF MALASSEZIA SPECIES

Malassezia yeasts can be identified either by culture
methods based on their morphological characteristics and
biochemical properties or by non-culture, molecular meth-
ods [1, 30]. When using conventional culture methods, the
samples are collected from healthy or affected skin, scalp,
hair, nails or any other human or animal sources. The sam-
ples, cultured on special selective media in Petri dishes, are
incubated in a moist environment. Malassezia yeasts as cu-
taneous mycobiota are ecologically adapted to a lower tem-
perature and optimum cultivation temperature for them is
around 32—34°C. The vitality of yeasts on culture media
decreases rapidly so it is necessary to transfer samples regu-
larly on fresh medium every one or two months [5, 42].

Culture media supplemented with different sources of
lipids are often used because of the lipophilic properties of
this genus [11]. Sabouraud dextrose agar, the culture me-

dium without the addition of lipids, is used to differentiate

the lipid-dependency of the species [38]. M. pachydermatis,
a less demanding species, is able to grow on this medium
(Fig. 1) [5, 6].

Other media were developed and successfully used as
a selective media for Malassezia species, e.g. Dixon agar,
Leeming-Notman agar (Fig. 2) and Ushijima agar [1]. All
of these complex media contain ox bile which is a suf-
ficient compound for good growth of Malassezia yeasts.
Some of the media use Tween 40 (Leeming-Notman agar)
or Tween 60 (Dixon agar) but Tween 60 seems to be more

efficiently utilized, thus it is better for the growth of most

species [5].

Fig. 1. The growth of Malassezia pachydermatis
on Sabourad dextrose agar

Fig. 2. The growth of M. pachydermatis on Leeming-Notman
agar and modified CHROMagar Candida
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By using chromogenic Candida agar (CHROMagar
Candida) (Fig. 2), enriched with lipid components, it was
possible to culture and differentiate 9 Malassezia species on
the basis of the colony morphology [1, 37]. CHROMagar
is also used for the differentiation of the genus Malassezia
and Candida.

The specific media used for Malassezia cultivation are
Cremophor EL agar and Tween 60-esculin agar. Cremo-
phor EL agar is used to determine the ability of species to
utilize the polyethoxylated castor oil and Tween-esculin
agar for determining the ability of isolates to hydrolyse
esculin and utilize Tween 60 [38].

The culture methods may not be objective because of
the difference in growth rates and the cultivation require-
ments of individual species, therefore, the focus is currently

on molecular techniques [32].

PHENOTYPIC IDENTIFICATION

Individual species from the genus Malassezia can be
identified by macroscopic and microscopic morphology
and also by certain physiological properties [24]. Macro-
scopic diagnosis includes an identification of the shape,
texture and colour of the colonies; microscopically they are
examined by cell morphology and budding [52].

The size of colonies is determined by measuring well
isolated single colonies and the isolates are divided into
three groups: small (1mm: M. globosa, M.slooffiae and
M. restricta), intermediate (1—2 mm: M. obtusa) and large
(2—5mm: M. pachydermatis, M.sympodialis, M. dermatis,
M. furfur and M. japonica) [38]. Unipolar cells with round
to ovoid shape can be observed by microscopic examina-
tion [34, 54]. The M. globosa cells are typically spherical
[14] (Fig. 3).

Although there are morphological differences between
Malassezia species, their identification is usually deter-
mined also upon the basis of their physiological character-
istics [14, 52]. Physiological tests used for the identification
of Malassezia species are based on: the monitoring of cata-
lase reaction (decomposition of 3% hydrogen peroxide);
on the ability of yeasts to utilize different concentrations
of Tween (i.e. T20, T40, T60 and T80) and Cremophor EL
(castor oil) as a source of lipids [38, 14]; the B-glucosidase
activity [38, 44]; the ability to produce pigments [24] and

fluorochromes in the presence of tryptophan as a main
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Fig, 3. Microscopic view of Malassezia pachydermatis cells
Magn. x400

source of nitrogen [45]; and production of the urease en-
zyme (ability to hydrolyze urea to ammonia and carbon
dioxide) [38]. The urease activity test is not used to distin-
guish Malassezia species but to eliminate cultures that are
contaminated by bacteria or ascomycetous yeasts, such as

Candida spp. which are quite common on the skin [5].

Malassezia furfur

M. furfur forms smooth or slightly wrinkled single colo-
nies about 4—5mm in diameter. The colonies are creamy
coloured, dull, with straight or lobate margins. The tex-
ture of the colonies is soft. Colonies of M. furfur are easily
distinguishable from other Malassezia species on CHRO-
Magar where they form characteristic large pale pink and
wrinkled colonies [38]. The cells are morphologically vari-
able, with ovoid, globose or cylindrical shape and budding
is on a broad base. Some strains are able to occasionally
produce filaments [2, 5, 29, 61].

Malassezia furfur can be identified: by its ability to grow
up to 41°C; by a strong catalase reaction; the absence or
a very weak B-glucosidase activity; and equal growth in
the presence of Tweens 20, 40, 60, 80 and CremophorEL
as a lipid sources [4, 27]. The optimum temperature for
the growth is near 34°C, but good growth occurs at 37°C,
and the maximum temperature for growth is 41 °C. In con-
trast to M. globosa, M. obtusa, M. restricta, M. slooffiae and
M. sympodialis, this species is able to utilize glycine as a ni-

trogen source [50].



Malassezia pachydermatis

M. pachydermatis forms convex single colonies 1—5mm
in diameter, pale yellowish, dull, smooth, lightly wrinkled,
with an entire straight margin. Cells are ovoid, ellipsoidal to
cylindrical with monopolar budding on a broad base. This
species does not produce filaments.

In all rDNA genotypes there occurs differences in cata-
lase and B-glucosidase expression and Tweens 20, 40, 60, 80
and Cremophor EL (CrEL) growth reactions. All isolates
grow well at 37°C with the maximum at 40—41°C and
some primary cultures show a certain lipid-dependence [4,
5,20, 53, 59, 61].

Malassezia sympodialis

M. sympodialis forms flat or elevated single colonies, ap-
proximately 5—8mm in diameter, pale cream, glistening,
smooth, with an entire or folded margin. Cells are small,
with ovoid to globose shape and monopolar budding on
a narrow base. This strain, able to grow at 40°C, is charac-
terized by the presence of a catalase reaction and a strong
B-glucosidase activity, and good growth in the presence of
Tweens 40, 60 and 80. With CrEL, growth is usually absent

but fresh isolates can develop a ring of tiny colonies [2, 5, 26].

Malassezia globosa

M.globosa forms raised, wrinkled single colonies,
3—4mm in diameter, pale yellowish, rough, shiny or dull,
with a slightly lobate margin. Yeast cells are spherical, so
this species is easily recognized morphologically with mo-
nopolar budding on a narrow base. This species is able to
produce short filaments [2, 23, 26]. The yeast has a strong
catalase activity but does not split esculin. Growth is lim-
ited at 37 °C, and no growth occurs on the five lipid sub-
strates [2, 5, 39].

Malassezia obtusa

M. obtusa forms flat to convex, smooth single colonies,
on average 1.5—2mm in diameter, glistening or dull, bu-
tyrous, and with entire or slightly lobate margins. The cells
are cylindrical with monopolar budding on a broad base.
Filaments may be present. This species has a maximum
temperature at 38 °C and cannot utilize any of the five lip-
ids used in the tests as the only lipid supplement in the me-
dium. M. obtusa combines the positive reactions of catalase
and B-glucosidase [4, 5, 26].

Malassezia restricta

M. restricta forms small, flat or raised single colonies,
1—2mm in diameter on average, pale yellowish-brown,
dull, smooth, with a lobate margins. The shape of the cells is
globose or ovoid, and budding is monopolar on a relatively
narrow base. M. restricta does not produce any filaments.
This species lacks catalase and B-glucosidase activity, does
not grow at 37°C or with any of the Tween lipid supple-
ments. Growth with CrEL is always absent. Growth of the

colonies is very restricted [2, 5, 26, 31].

Malassezia slooffiae

M.slooffiae forms flat or raised single colonies with
a roughened surface, about 3—4mm in diameter, pale
yellowish-brown, shiny, butyrous and with finely folded
margins. The cells are short and cylindrical with monopo-
lar budding on a broad base. The species is not known to
produce any filaments. This species is able to grow at 40 °C,
and shows a catalase reaction, but absence of 3-glucosidase
activity. M. slooffiae may be misidentified as M. furfur, but
the main difference is that growth of M. sloofiae with CrEL
is absent. Growth with Tween 80 is always very weak in

comparison with the other three Tweens [4, 5, 26, 35].

Malassezia dermatis

M. dermatis forms flat or convex single colonies, 5—6 mm
in diameter, pale yellowish, glistering or dull, butyrous and
with an entire or finely folded margin. The shape of the cells
is globose, ovoid or ellipsoidal. Budding is monopolar on
a moderately broad base. The production of filaments has
not been observed. M. dermatis does not grow at 40°C and
can be identified by its lack of catalase and B-glucosidase ac-
tivity. Growth occurs with all four Tweens but with Tween 80
it may be weaker, similar to that of M. caprae. CrEL is not
assimilated [5, 54].

Malassezia japonica

M. japonica forms flat slightly wrinkled single colonies
about 2—3 mm in diameter, pale yellowish-cream, dull and
butyrous with a straight or folded margin. Cells are ovoid
to cylindrical, with budding which is monopolar on a broad
base. The production of hyphae has not been observed. M. ja-
ponica grows at 37 °C, with strong catalase and p-glucosidase
reactions. From all four Tweens, only 60 and 80 are well as-
similated. Tweens 20, 40 and CrEL are assimilated weakly
[5, 56].
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Malassezia nana

M.nana forms convex single colonies, 1.5—2mm in
diameter, yellowish, dull, smooth, butyrous, with entire to
narrowly folded margins. The shape of the cells is globose to
ovoid with monopolar budding on a relatively narrow base.
M. nana does not produce any filaments.

This species grows at 37 °C, Tweens 40, 60 and 80 are well
assimilated and CrEL is not utilized [2, 5, 34].

Malassezia yamatoensis

M. yamatoensis forms flat to convex single colonies
about 3—4 mm in diameter, pale yellowish, shiny, smooth or
wrinkled, with an entire margin. The shape of cells is ovale
or cylindrical with monopolar budding on a broad base.
This strain can be identified by its ability to grow at 37 °C,
a strong catalase reaction and lack of B-glucosidase activity.
These characteristics distinguish the species from M. sympo-
dialis. Growth appears in the presence of all four Tweens and
CrEL [5].

Malassezia caprae

M. caprae forms small moderately convex single colo-
nies about 1—2 mm in diameter, whitish or cream-colored,
smooth, butyrous with an entire or lobate margin. Cells
are globose or ovoid with budding on a broad base. The
species does not produce hyphae. M. caprae can be identi-
fied by: its weak growth at 37 °C, the presence of a catalase
reaction, -glucosidase activity, and good growth in the
presence of all four Tweens. Growth may be weaker with
Tween 80 [5, 8].

Malassezia equina

M. equina forms single colonies, about 1—3 mm in di-
ameter, cream-colored, glistening to dull, wrinkled, butyr-
ous, with a folded to fringed margins. The cells are ovoid or
ellipsoidal with monopolar budding on a narrow base. Fila-
ments have not been observed. M. equina grows at maxi-
mum temperature of 37 °C. The catalase reaction is strong,
but this species lacks the B-glucosidase expression. Tweens
40, 60 and 80 are well assimilated. CrEL is not assimilated,

but sometimes a weak precipitate can occur [5].

Malassezia brasiliensis
M. brasiliensis forms large convex colonies elevated in
the centre with an average diameter of 2.5 mm, whitish to

cream-colored, smooth, dull and butyrous with entire mar-
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gins. The cells are ovoid or ellipsoidal with buds formed

monopolarly on a broad base [10].

Malassezia psittaci

M. psittaci forms large moderately convex colonies,
about 2.5mm in diameter. They look similar to the colo-
nies of M. brasiliensis with the whitish to cream colour and
smooth, shiny, butyrous appearance. The yeast cells are glo-
bose to ovoid [10].

Phenotypic methods are usually time-consuming, multi-
step processes, requiring a number of cultural techniques
and usually are unable to clearly differentiate newly iden-
tified species. Also, there are significant differences in the
evaluation and description of Malassezia biochemical prop-
erties by various authors [2, 26, 38] and this complicates the
phenotypic identification. The occurence of strains with
atypical physiological and biochemical properties is in-
creasing and for these reasons it is essential to support the

phenotypic identification by molecular analysis [14].

GENOTYPIC IDENTIFICATION

The number of molecular methods have been developed
and successfully used as tools to diagnose and differentiate
Malassezia species, to better understand the epidemiology
of Malassezia and their connection with diseases [14].

To overcome the limitations of culture-based tech-
niques which do not always allow identification and typ-
ing of each Malassezia species, a range of molecular biol-
ogy methods are used, such as: nested polymerase chain
reaction (PCR) [49], real-time PCR [58], pulsed-field gel
electrophoresis (PFGE) [53], random amplified poly-
morphic DNA analysis (RAPD — random amplification
of polymorphic DNA (RAPD) [21], amplified fragment
length polymorphism (AFLP) [32], denaturing gradient
gel electrophoresis (DGGE) [60], single strand conforma-
tion polymorphism (SSCP) [17], terminal fragment length
polymorphism (tFLP) [23], restriction fragment length
polymorphism (RFLP) [16, 41, 48] and sequencing analysis
[40] (Tab. 2).



Table 2. Molecular methods used for detection
and identification of Malassezia species [7]

Fingerprinting methods:
PFGE-Pulsed field gel electrophoresis
RAPD-Random amplified polymorphic DNA
AFLP-Amplified fragment lenght polymorphism
DGGE-Denaturing gradient gel electrophoresis

DNA sequence analysis:
Ribosomal DNA analysis (D1/D2 region LSU- Large subunit —rDNA)
Analysis ITS (Internal transcribed spacer regions) rDNA
Analysis IGS (Intergenic spacer regions) rDNA

Restriction analysis of PCR amplicons:
RFLP-Restriction fragment length polymorphism
tFLP-Terminal fragment lenght polymorphism
Chitin synthase gene sequence analysis

FINGERPRINTING METHODS

Pulsed-field gel electrophoresis (PFGE)

Pulsed-field gel electrophoresis is a highly discrimina-
tive molecular method based on the variable migration/
separation of large genomic fragments in an agarose gel
[46]. This technique characterized seven Malassezia spp.
(i.e. M. furfur, M.obtusa, M. globosa, M. slooffiae, M. sym-
podialis, M. pachydermatis and M. restricta) and allows
them to be differentiated into species on the basis of dis-
tinct karyotypes displayed by PFGE analysis [53]. PFGE is
a useful diagnostic tool, but is time consuming, technically
difficult and requires large amounts of genomic DNA for
analysis. Therefore, it is not suitable as a rapid routine diag-
nostic method [14, 48].

Random amplified polymorphic DNA analysis
(RAPD)

PCR based random amplification of polymorphic
DNA utilizes random fragments of genomic DNA. This
method has been used for the identification, differentiation
and taxonomic classification of some Malassezia species
(M. pachydermatis, M. furfur and M. slooffiae) and for the
examination of epidemiological relations. Most of the Mal-
assezia species can be differentiated by RAPD, but analysis
can be complicated by the presence of intraspecific varia-
tions [3]. In spite of limited reproducibility of results and
its technical limitations due to the need for specialized
equipment and training, RAPD is a sensitive and efficient

method for discrimination of closely related strains due to

its high specificity. RAPD is still being used for the moni-
toring of Malassezia “carriage” on domestic animals and
humans [15, 18, 21].

Amplified fragment length polymorphism (AFLP)

AFLP is a useful diagnostic tool for the identification of
Malassezia isolates and for the detection and differentiation
between clinically relevant variants within Malassezia spp.
This technique provides highly-specific genotypic informa-
tion about each strain and helps to understand the genetic
relationship among Malassezia isolates [8, 32, 60].

AFLP is suitable and apropriate for analyses where de-
tailed information is necessary. This method requires clon-
al isolates from culture so that the results are usually com-
plicated to interpret. AFLP is relatively time-consuming
and sometimes not sufficiently reliable for identification or

discrimination of clinically isolated yeasts [2, 14, 18].

Denaturing gradient gel electrophoresis (DGGE)
DGGE is a molecular fingerprinting technique based
on differences in the electrophoretic mobility and denatur-
ing properties of double-stranded DNA. DGGE can fully
separate and detect DNA fragments of the same size but
with different base-pair sequences. The melted DNA is sep-
arated and spread through the denaturing polyacrylamide
gel and is analyzed for single components [25, 33, 47, 51].
DGGE is useful for the identification of Malassezia isolates
and is suitable for the analysis of the clinical samples that
may include several different species. However, the clinical

use may be limited by technical demands [4, 60].

DNA sequence analysis

The rRNA gene complex is often used in identification
of clinically important yeasts. The fungal gene is composed
of multiple copies of the gene regions: 18S, 5.8S, 26 (28)
and 5S. 18S is a small subunit (SSU) and 28S is referred as
large subunit (LSU). Other regions, ITS1 and ITS2 region
(internal transcribed spacer region) and IGS1 and IGS2 re-
gion (intergenic spacer region) are inserted among the sub-
units. The rRNA gene complex is also used for comparison
between phylogenetically distant species. Phylogenetically
close species are compared through more variable region,
the ITS and IGS regions [5].

Sequencing of ITS1 region of ribosomal DNA is rela-
tively quick and specific analysis and is used for the iden-

tification of Malassezia species and the strains. Sequence
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analysis of IGS1 is not widely used for species identification
[55, 57].

RESTRICTION ANALYSIS OF PCR AMPLICONS

Restriction fragment length polymorphism (RFLP)

One of the frequently used molecular method is the
polymerase chain reaction (PCR) followed by restriction
analysis (RFLP). Enzyme digestion of PCR amplicons has
been shown to be useful for the differentiation of Malas-
sezia species.

Various authors suggested RFLP for the diagnosis of
Malassezia. Mirhendi et al. [48] and Gaitanis and
[17] differentiated 11 species (M. furfur,
M. pachydermatis, M.sympodialis, M. obtusa, M. globosa,

Velegraki

M. restricta, M.slooffiae, M. dermatis M.nana, M.japonica
and M. yamatoensis) using RELP. PCR-RFLP analysis is less
difficult and more precise than the majority of molecular

methods and requires less technical equipment.

Terminal fragment length polymorphism analysis
(tFLP)

Terminal restriction fragment length polymorphism
(tRFLP) analysis of PCR-amplified genes is a widely used
fingerprinting technique. This analysis is based on the
restriction endonuclease digestion of fluorescently end-
labeled PCR products. tFLP analysis is a sensitive and re-
producible method suitable for the rapid and reliable iden-
tification of Malassezia species. It eliminates the need for
prior strain cultivation in direct investigations of Malasse-
zia populations on skin samples. The technique, however,
is not suitable for epidemiological typing, as its ability to

show heterogeneity within a species is limited [23, 32].

Chitin synthase gene sequence analysis

Sequencing of the chs-2 gene has also allowed the dif-
ferentiation of Malassezia spp., in spite of the high similar-
ity (95%) in sequence among them [36]. A multilocus ap-
proach which employed the sequencing of the chs-2 gene,
ITS1 and LSU has been applied to M. pachydermatis and
defined three major M. pachydermatis genotypes (A, B and
C). Although the multilocus sequencing provides interest-
ing option for epidemiological investigations, it has not yet
been employed for studying Malassezia from animals other
than dogs [12, 13].

26

In the last few decades, advances in research and
technology contributed to partial explanation of the role
which Malassezia plays in skin diseases. By using the de-
tailed information obtained from genetic analyses, differ-
ent types of Malassezia spp. can be detected and identified
[11, 14]. Most of molecular studies point to the presence
of numerous Malassezia genotypes within species, suggest-
ing a connection to the host, the geographical origin and
clinical manifestations. Standardized molecular processes
in combination with reliable physiological and biochemical
methods are necessary for the definition of species and for
consideration of genetic diversity within a species [22].

Despite the usefulness of molecular techniques, there
are some disadvantages associated with them, such as: the
inability to distinguish all species and questionable repro-
ducibility, the requirements for technical equipment, and
higher cost of analysis. Importantly, most of the molecular
methods mentioned above require cultivation to enhance
sensitivity and to perform the test [14].

Some studies have shown discrepancies between phe-
notypic and molecular methods for the identification of
Malassezia. For example, Makimura etal. [43] examined
46 clinical isolates by the phenotypic methods as M. furfur.
However, by genetic identification 22 of them were identi-
fied as M. sympodialis and 5 as M. slooffiae.

It is possible that differences between phenotypic and
molecular methods may reflect the possible mistakes in
sampling and culturing, which strengthen the need to per-
form well-controlled, comparative molecular studies of
samples taken directly from the skin, as well as samples af-

ter in vitro cultivation [14].

CONCLUSIONS

In recent decades, yeast infections have become a sig-
nificant problem in humans and also in animals. In most
cases, they are opportunistic infections because Malasse-
zia belongs to the normal commensal skin flora of warm-
blooded vertebrates. The increasing trend in the incidence
of these infections can be caused mainly because of massive
use of broad spectrum antibiotics and the increasing num-
ber of immunosuppressed patients.

Identification of yeast is performed by phenotypic and
molecular methods. Molecular methods are necessary for

identification and differentiation of various Malassezia spe-



cies, which can be difficult to characterize by phenotypic

methods.

In the future, the identification should focus on the use

of reliable molecular methods to achieve a better under-

standing of the role that Malassezia spp. plays as a com-

mensal and as a pathogen.

ACKNOWLEDGEMENT

This work was supported by the Slovak Research and De-

velopment Agency under the contract No. APVV-15-0377.

REFERENCES

10.

11.

. Ashbee, H.R., 2007: Update on the genus Malassezia. Med.

Mycol., 45, 287—303.

. Batra, R., Boekhout, T., Guého, E., Cabanes, E.J., Dawson,

Jr. T.L., Gupta, A.K., 2005: Malassezia Baillon, emerging
clinical yeasts. FEMS Yeast Research, 5, 1101—1113.

. Boekhout, T., Kamp, M., Guého, E., 1998: Molecular typing

of Malassezia species with PFGE and RAPD. Med. Mycol., 36,
365—372.

. Boekhout, T., Guého E., 2003: Basidiomycetous yeasts. In

Howard, D.H., (Ed.): Pathogenic Fungi in Humans and Ani-
mals, 2nd edn., Marcel Dekker, Inc., New York, USA, 537—542.

. Boekhout, T., Guého-Kellermann, E., Mayser, P., Velegraki,

A., 2010: Malassezia and the Skin: Science and Clinical Prac-
tice. Springer-Verlag Berlin Heidelberg, 18—50.

. Bond, R, Lloyd, D. H., 1996: Comparison of media and con-

ditions of incubation for the quantitive culture of Malassezia

pachydermatis from canine skin. Res. Vet. Sci., 61, 273—274.

. Brakhage, A. A., Zipfel, P.F., 2008: The Mycota, Human and

Animal Relationships. Berlin, Springer, 296 pp.

. Cabaies, E.J., Theelen, B., Castella, G., Boekhout, T., 2007:

Two new lipid-dependent Malassezia species from domestic

animals. FEMS Yeast Res., 7, 1064—1076.

. Cabaiies, E.J., 2014: Malassezia yeasts: How many species

infect humans and animals? PLoS Pathogens 10. e1003892.
doi:10.1371/journal.ppat.1003892.

Cabaiies, E.J., Coutinho, S.D., Puig, L., Bragulat, M.R,,
Castella, G., 2016: New lipid-dependent Malassezia species
from parrots. Rev. Iberoam. Mycol., 33, 92—99.

Cafarchia, C., Latrofa, M. S., Testini, G., Parisi, A., Guillot,
J., Gasser, R.B., Otranto, D., 2007: Molecular characteriza-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tion of Malassezia isolates from dogs using three distinct ge-
netic markers in nuclear DNA. Mol. Cell. Probes, 21,229—238.
Cafarchia, C., Gasser, R. B., Latrofa, M. S., Parisi, A., Camp-
bell, B.E., Otranto, D., 2008: Genetic variants of Malassezia
pachydermatis from canine skin: body distribution and phos-
pholipase activity. FEMS Yeast Res., 8, 451—459.

Cafarchia, C., Latrofa, M.S., Figueredo, L.A., da Sil-
va Machado, M.L., Ferreiro, L., Guillot, J., Boekhout,
T., Otranto, D., 2011: Physiological and molecular character-
ization of a typical lipid Malassezia yeasts from a dog with skin
lesions: adaptation to a new host? Med. Mycol., 49, 365—374.
Cafarchia, C., Gasser, R. B., Figueredo, L. A, Latrofa, M. S.,
Otranto, D., 2011: Advances in the identification of Malas-
sezia. Mol. Cell. Probes, 25, 1—7.

Duarte, E.R., Hamdan, J.S., 2010: RAPD differentiation of
Malassezia spp. from cattle, dogs and humans. Mycoses, 53,
48—56.

Gaitanis, G., Velegraki, A., Frangoulis, E., Mitroussia,
A., Tsigonia, A., Tzimogianni, A., et al., 2002: Identification
of Malassezia species from patient skin scales by PCR-RFLP.
Clin. Microbiol. Infect., 8, 162—173.

Gaitanis, G., Veleqraki, A., Alexopoulos, E. C., Chasapi, W.,
Tsiqonia, A., Katsambas, A., 2006: Distribution of Malasse-
zia species in pityriasis versicolor and seborrhoeic dermati-
tis in Greece. Typing of the major pityriasis versicolor isolate
M. globosa. Br. ]. Dermatol., 154, 854—859.

Gaitanis, G., Bassukas, I. D., Velegraki, A., 2009: The range
of molecular methods for typing Malassezia. Curr. Opin. In-
fect. Dis., 22, 119—25.

Gaitanis, G., Velegraki, A., Mayser, P., Bassukas, I. D., 2013:
Skin diseases associated with Malassezia yeasts: facts and con-
troversies. Clin. Dermatol., 31, 455—463.

Galuppi, R., Tampieri, M. P., 2008: Epidemiology and vari-
ability of Malassezia spp. Parasitologia, 50, 73—76.

Gandra, R.FE, Simao, R.C., Matsumoto, E.E., da Silva,
B.C.,, Ruiz, L.S., da Silva, E.G,, et al., 2006: Genotyping by
RAPD-PCR analyses of Malassezia furfur strains from pity-
riasis versicolor and seborrhoeic dermatitis patients. Myco-
pathol., 162, 273—280.

Gasser, R.B., Hu, M., Chilton, N.B., Campbell, B.E., Jex,
A.]., Otranto, D., et al., 2006: Single-strand conformation
polymorphism (SSCP) for the analysis of genetic variation.
Nat. Protoc., 1, 3121—3128.

Gemmer, C.M., DeAngelis, Y. M., Theelen, B., Boekhout,
T., Dawson Jr., T. L., 2002: Fast, noninvasive method for mo-

lecular detection and differentiation of Malassezia yeast spe-

27



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

28

cies on human skin and application of the method to dandruff
microbiology. J. Clin. Microbiol., 40, 3350—3357.

Gonzales, A., Sierra, R., Cardenes, M. E., Grajales, A., Re-
strepo, S., Cepero de Garcia, M. C., Celis, A., 2009: Physi-
ological and molecular characterization of atypical isolates of
Malassezia furfur. J. Clin. Microbiol., 47, 48—53.

Green, S.J., Leigh, M. B., Neufeld, J.D., 2009: Denaturing
gradient gel electrophoresis (DGGE) for microbial commu-
nity analysis. In Timmis, K.N. (Ed.): Microbiology of Hydro-
carbons, Oils, Lipids and Derived Compounds, Springer, Hei-
delberg, Germany, 4137—4158.

Guého, E., Midgley, G., Guillot, J., 1996: The genus Malas-
sezia with description of four new species. Antonie van Leeu-
wenhoek, 69, 337—355.

Guého, E., Boekhout, T., Ashbee, H.R., Guillot, J., van
Belkum, A., Faergemann, J., 1998: The role of Malassezia
species in the ecology of human skin and as pathogens. Med.
Mycol., 36,220—229.

Guillot, J., Guého, E., Chermette, R., 1994: Confirmation
of the nomenclatural status of Malassezia pachydermatis.
Antonie van Leeuwenhoek, 67, 173—176.

Guillot, J., Guého, E., Prevost, M. C., 1995: Ultrastructural
features of the dimorphic yeast Malassezia furfur. J. Mycol.
Med., 5, 86—91.

Guillot, J., Guého, E., Lesourd, M., Midgley, G., Chevrier,
G., Dupont, B., 1996: Identification of Malassezia species.
A practical approach. J. Mycol. Med., 6, 103—110.

Gupta, A.K., Kohli, Y., Summerbell, R. C., 2000: Molecular
differentiation of seven Malassezia species. J. Clin. Microbiol.,
38, 1869—1875.

Gupta, A. K., Boekhout, T., Theelen, B., Summerbell, R., Ba-
tra, R., 2004: Identification and typing of Malassezia species
by amplified fragment length polymorphism and sequence
analyses of the internal transcribed spacer and large-subunit
regions of ribosomal DNA. J. Clin. Microbiol., 42, 4253—4260.
Hayes, V.M., Wu, Y., Osinga, J., Mulder, I. M., Van Der
Vlies, P., Elfferich, P, et al., 1999: Improvements in gel
composition and electrophoretic conditions for broad-range
mutation analysis by denaturing gradient gel electrophoresis.
Nucleic Acids Res., 27, 29.

Hirai, A., Kano, R., Makimura, K., Duartem R.E., Ham-
danm J.S., Lachancem M. A, et al., 2004: Malassezia nana
sp. nov., a novel lipid-dependent yeast species isolated from
animals. Int. J. Syst. Evol. Microbiol., 54, 623—627.

Howard, D. H., 2003: Pathogenic Fungi in Humans and Ani-
mals. 2nd edn., New York, Dekker, 790 pp.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Kano, R., Aizawa, T., Nakamura, Y., Watanabe, S., Hasega-
wa, A., 1999: Chitin synthase 2 gene sequence of Malassezia
species. Microbiol. Immunol., 43, 813—815.

Kaneko, T., Makimura, K., Onozaki, M., Ueda, K., Yamada,
Y., Nishiyama, Y., Yamaguchi, H., 2005: Vital growth factors
of Malassezia species on modified CHROMagar Candida.
Med. Mycol., 43, 699—704.

Kaneko, T., Makimura, K., Abe, M., Shiota, R., Nakamura,
Y., Kano, R., et al., 2007: Revised culture-based system for
identification of Malassezia species. J. Clin. Microbiol., 45,
3737—3742.

Kindo, A.J., Sophia, S.K. C., Kalyani, J., Anandan, S., 2004:
Identification of Malassezia species. Indian J. Med. Microbiol.,
22,179—181.

Lee, Y. W,, Lim, S. H., Ahn, K.]J., 2006: The application of 26S
rDNA PCR-RFLP in the identification and classification of
Malassezia yeast. Kor. J. Med. Mycol., 11, 141—153.

Lee, Y.W.,, Kim, S.M., Oh, B.H., Lim, S.H., Choe, Y.B.,
Ahn, K.]J., 2008: Isolation of 19 strains of Malassezia dermatis
from healthy human skin in Korea. J. Dermatol., 35,772—777.
Lim, S.H., Kim, Y.R., Jung, J.W., Hahn, H.J., Lee, Y. W.,,
Choe, Y.B., Ahn, K.]J., 2012: A comparison study between
culture based technique and op-site non-culture based tech-
nique for identifying Malassezia yeasts on normal skin. Ko-
rean J. Med. Mycol., 17, 217—229.

Makimura, K., Tamura, Y., Kudo, M., Uchida, K., Saito,
H., Yamaguchi, H., 2000: Species identification and strain
typing of Malassezia species stock strains and clinical isolates
based on the DNA sequences of nuclear ribosomal internal
transcribed spacer 1 regions. J. Med. Microbiol., 49, 29—35.
Mayser, P., Haze, P., Papavassilis, C., Pickel, M., Gruender,
K., Guého, E., 1997: Differentiation of Malassezia species: se-
lectivity of Cremophor EL, castor oil and ricinoleic acid for
M. furfur. Br. J. Dermatol., 137, 208—213.

Mayser, P., Tows, A., Kramer, H.]J., Weiss, R., 2004: Further
characterization of pigment producing Malassezia strains.
Mpycoses, 47, 34—39.

Melles, D.C., van Leeuwen, W.B., Snijders, S.V., Horst-
Kreft, D., Peeters, J.K., Verbrugh, H. A., van Belkum, A.,
2007: Comparison of multilocus sequence typing (MLST),
pulsed-field gel electrophoresis (PFGE), and amplified frag-
ment length polymorphism (AFLP) for genetic typing of
Staphylococcus aureus. J. Microbiol. Methods, 69, 2, 371—
375.

Michaelsen, A., Pinzari, F, Ripka, K., Lubitz, W., Pinar, G.,

2006: Application of molecular techniques for identification



48.

49.

50.

51.

52.

53.

54.

of fungal communities colonising paper material. Int. Biode-
terior. Biodegrad., 58, 133—141.

Mirhendi, H., Makimura, K., Zomorodian, K., Yamada,
T., Sugita, T., Yamaguchi, H., 2005: A simple PCR-RFLP
method for identification and differentiation of 11 Malassezia
species. J. Microbiol. Methods, 61, 281—284.

Morishita, N., Sei, Y., Sugita, T., 2006: Molecular analysis of
Malassezia microflora from patients with pityriasis versicolor.
Mycopathol., 161, 61—165.

Murai, T., Nakamura, Y., Kano, R., Watanabe, S., Hasegawa,
A., 2002: Differentiation of Malassezia furfur and Malassezia
sympodialis by glycine utilization. Mycoses, 45, 180—183.
Muyzer, G., Smalla, K., 1998: Application of denaturing gra-
dient gel electrophoresis (DGGE) and temperature gradient
gel electrophoresis (TGGE) in microbial ecology. Antonie
Leeuwenhoek, 73, 127—141.

Saghazadeh, M., Farshi, S., Hashemi, J., Mansouri, P., Khos-
ravi, A.R., 2010: Identification of Malassezia species isolated
from patients with seborrheic dermatitis, atopic dermatitis
and normal subjects. J. Mycol. Med., 20, 4, 279—282.
Senczek, D., Siesenop, U., Bohm, K., 1999: Characterization
of Malassezia species by means of phenotypic characteristics
and detection of electrophoretic karyotypes by pulsed field gel
electrophoresis (PFGE). Mycoses, 42, 409—414.

Sugita, T., Takashima, M., Shinoda, T., Suto, H., Unno, T.,
Tsuboi, R., et al., 2002: New yeast species, Malassezia der-
matitis, isolated from patients with atopic dermatitis. J. Clin.

Microbiol., 40, 1363—1367.

55.

56.

57.

58.

59.

60.

Sugita, T., Kodama, M., Saito, M., Ito, T., Kato, Y., Tsuboi,
R., 2003: Sequence diversity of the intergenic spacer region
of the rRNA gene of Malassezia globosa colonizing the skin of
patients with atopic dermatitis and healthy individuals. J. Clin.
Microbiol., 41, 3022.

Sugita, T., Takashima, M., Kodama, M., Tsuboi, R., Ni-
shikawa, A., 2003: Description of a new yeast species, Malas-
sezia japonica, and its detection in patients with atopic derma-
titis and heathly subjects. J. Clin. Microbiol., 41, 4695—4699.
Sugita, T., Tajima, M., Amaya, M., Tsuboi, R., Nishikawa,
A., 2004: Genotype analysis of Malassezia restricta as the
major cutaneous flora in patients with atopic dermatitis and
healthy subjects. Microbiol. Immunol., 48,755—759.

Sugita, T., Tajima, M., Tsubuku, H., Tsuboi, R., Nishikawa,
A., 2006: Quantitative analysis of cutaneous Malassezia in
atopic dermatitis patients using real-time PCR. Microbiol. Im-
munol., 50, 549—552.

Summerbell, R., 2011: Identifying Fungi: A Clinical Labora-
tory Handbook, 2nd edn., Belmont, US Star Publishing Co.
Ltd., 168—169.

Theelen, B., Silvestri, M., Gueho, E., van Belkum, A., Boek-
hout, T., 2001: Identification and typing of Malassezia yeasts
using amplified fragment length polymorphism (AFLP),
random amplified polymorphic DNA (RAPD) and denatur-
ing gradient gel electrophoresis (DGGE). FEMS Yeast Res., 1,
79—386.

. Woodgyer, A., 2004: Malassezia update. The Official Newslet-

ter of the Australian Federation of Medical Veterinary Mycol-
0gy, 9, 2—18.

Received Januaryl19, 2018
Accepted April 4, 2018

29



