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ABSTRACT

Objective: Yeasts of the Malassezia genus have been extensively studied and correlated with various
dermatological diseases such as pityriasisversicolor, seborrheic dermatitis (SD) & dandruff (SD/D), atopic
dermatitis, psoriasis, and also less frequently with confluent and reticulated papillomatosis, onychomycosis, and
transient acantholyticdermatosis. In general, Malassezia yeasts are lipid-dependent and commonly found in
sebum-rich areas of the skin such as the scalp, trunk and face. The aim of this study was to determine the
prevalence of Malassezia species among individuals who are suffering from mild to moderate dandruff in the
southern part of India (Bengaluru region) and to identify these yeast species using the molecular technique to
elucidate the distribution pattern. This study also attempted to test phospholipase production of isolated yeast to
determine their pathogenic potential. .

Methods: Scraped flake samples collected from 45 volunteers in Bengaluru region were further subjected to
isolation of Malassezia species using agar media. Isolated Malassezia yeasts were further identified by PCR-
RFLP. Phospholipase production was done using semi-quantitative egg-yolk plate method.

Results: Out of 50 Malassezia isolates, the most common species was M. furfur (64.7%) followed by M.
restricta and M. slooffiae(14% each)and finally the least of them all were M. sympodialis and M. globosa (4%
each). None out of 50 Malassezia strains showed clearly distinguishable precipitation zone for phospholipase
activity upon 5 days incubation (Pz value after 5 days was 1).

Conclusion - Incidence of Malassezia furfur was significantly higher than M. globosa, M. restricta, M. slooffiae,
M. sympodialis and M. globosa. Much longer incubation time is required to check the capacity to produce
distinguishable level of phospholipase enzymes by these Malassezia isolates.
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1. INTRODUCTION

Malassezia  yeasts earlier  known as dermatitis, folliculitis some forms of atopic
Pityrosporumare members of the normal human dermatitis, psoriasis, confluent and reticulate
cutaneous flora of theskin. They are known to papillomatosis and even systemic
produce clinical disease under conditions that infections.Currently, Malassezia genus has
permit abundant growth of the fungus. been expanded to include 14species comprising
Malasseziaisassociated with clinical infections M.furfur, M.pachydermatis, M.sympodialis,

such as pityriasis versicolor (PV), seborrheic M.globosa, M.obtusa, M.restricta,M.slooffiae,
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M.  dermatis, M.equina, M.japonica, severity  (visible  flakes & itcing),
M.nana, M.  yamatoensis, M.capraeand volunteerswere grouped as “mild”
M.cuniculi. and“moderate” dandruff sufferers. Formal
Dandruff is considered as the mild, non- consent was taken from all volunteers before
inflammatoryform of seborrheic inititaion of the study, and a detailed study

dermatitischaracterized by skin flaking and
itching which can lead to negative effect on the
quality of life. Dandruff is a very common
scalp disorder affecting as high as 50% of total
population (Gary, 2013). At least three
etiologic factors that are recognized to be
involved inDandruff includeMalasseziayeast,
sebaceous secretions, and individual sensitivity
to dandruff (DeAngeliset al., 2005). Malassezia
yeast is mostly lipid-dependent organism,grows
utilizing the sebum aslipidsource.(Dawson,
2007; Gaitanis et al., 2012). Since Malassezia
lacks the property to synthesize fatty acid,
therefore, it depends upon the external lipid
source. The metabolicby product, oleic acidcan
causeallergic  reactions such as scalp
inflammation and/or scalp pruritus(Gaitanis et
al., 2013). Similar to the worldwide data,
M.globosaandM.restrictaare the predominant
species associated with Indian dandruff
patients.However, the prevalence of Malassezia
species may vary depending on the
geographical conditions. Malassezia prevalence
in dandruff scalp is rarely reported among
South Indians. The present workwas carried out
to identify  thepredominant  Malassezia
speciesprevalent in mild to moderate dandruff
sufferersamong South Indians. This work also
aims at identifying the pathogenic potential of
isolated species by determining their
phospholipase production as an indicator.

2. METHODOLOGY

Scalp Sampling

Fouty five volunteershbelonging to Bengaluru
region with mild to moderate dandruff
conditions were enrolled for the study.The
study was conducted during the month of
January 2014 (winter season). The volunteers
were selected in the age group of 18 to 50
years. Among the volunteers, 11 were male
and 34 were female.Based on thedandruff
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protocol approvalwas taken from an
Independent Ethics Committee.

Volunteers were advised not to wash their scalp
for three days prior to the day of sampling.
Scalp samples were collected with a sterile
swab dipped in 0.01% Tween 80 rubbed
overone-inch area.

Scalp samples were enriched for a period
offour weeks at 30°C in Dixon broth containing
chloramphenicol and cycloheximide.From the
enriched Dixon broth, cultures were plated on
Leeming and  Notman agar(LMNA)(Leeming
et.al, 1987) and Dixon agar(Midgley et.al,
1989). The pure strains of the isolated species
were maintained at Microbiology Department,
CavinKare Research Center, Chennai, and
same strains were submitted to Department of
Medical Microbiology and Dermatology,
Postgraduate Institute of Medical Education
and Research PGIMER), Chandigarh for
molecular level identification purpose.
Confirmation of Malassezia isolates using
PCR-RFLP

All the isolates were confirmedbytheir
morphological and microscopic appearance
(Fig.1) and further by catalase test. Species
level molecular
confirmationwascarriedoutbyPCR-RFLP
(restriction fragment length polymorphisms) of
ITS2 region (internal transcribed spacer 2) of
rDNA gene and DNA sequencing of the 26s
region of rDNA gene (Gaitanis et al., 2006 ;
Kurtzman and Robnett, 1997). Standard strains
of M.furfur MTCC 1374, M. restricta CMB-
7877, M. globosa CBS-7966, M. slooffiae CBS-
7956, M. sympodialis CBS-7222. Genomic
DNA isolation was done by microwave
irradiation technique (Kim et al., 2007). The
supernatant obtained from isolates were used
for PCR analysis.

ForPCR-RFLP, amplificationwas done using
the primer pair
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ITSA(5’TCCTCCGCTTATTGATATGC3)
and ITS3 (5’CATCGATGAAGAACGCAGC
3’) (Sigma). Enzymatic digestion of the
products were performed with restriction
enzymes Alul, Banl and MspAl (New
England Biolabs, Ipswich, USA). The
restriction patterns of clinical isolateswere
thencompared with bandpatternsof the standard
strains of Malassezia species.(Hannovar et al.,
2015) Sequencing of 26S rRNA was done by
amplifying this region with universal primenrs
NL-1 (5°-
GCATATCAATAAGCGGAGGAAAAG) and
NL-4 (5’- GGTCCGTGTTTCAAGACGG).
Purification of amplified gene product was
carried outusing gel extraction ket (QlIAquick,
Quiagen, Bengaluru). The elute was used as a
purified product to perform sequencing PCR
for both the strands using above-mentioned
primers and Big Dye Terminator Cycle
Sequencing Kit, Version 3.1 (Applied
Biosystems, USA). All the sequencing
reactions were purified and analyzed on ABI
3130 Genetic Analyzer (Applied Biosystems,
USA). For each isolate, the consensus
sequences were prepared from the sequence
obtained by forward and reverse primers using
Bionumerics (version 6.5, Applied Maths,
Ghent, Belgium). The consensus sequences
were compared with the sequences of the
GenBank DNA database
(http:/fwww.ncbi.nlm.nih.gov/Genbank/index.ht
ml) and CBS-KNAW fungal biodiversity center
database(http://www.chs.knaw.nl/).
(Rudramurthyet al., 2014)

Production of phospholipase

Isolates of Malassezia specieswere examined
for phospholipase activity by semi-quantitative
egg-yolk plate method asdescribed (Polak,
1992;Price et al., 1982). About 10 ul of fresh
broth cultures of pure isolates were placedon
egg yolk plates and incubated at 32°C for 5
days.Candida albicans MTCC 227was used as
a positive control.

Production of phospholipase (Pz value) was
calculated by the following formula:
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Colony diameter

Pz Value =

Colony Diameter + Zone of Precipitation

On the basis ofPz value, phospholipase activity
is classified in to 5 types. Pz value of 1 is
considered as negative for phospholipase
activity, Pz value of 0.90 to 0.99is considered
asweak phospholipase activity, Pz value of 0.80
to 0.89 is considered as poor phospholipase
activity, Pz value of 0.70 to 0.79 is considered
as moderate phospholipase activity and Pz
value of <0.70 is considered as an intense
phospholipase activity.

Catalase Test

Few drops of hydrogen peroxide added
onisolatedcolony and instantaneous production
of gas bubbles was observed.

3. RESULTS:

Prevalence of Malassezia species among
dandruff sufferers

Out of 60 typical coloniesthat were selected
based on their typical colony morphology, 50
yeast isolates were confirmed
asMalasseziaspecies (Table 1).The amplified
product sizes in the agarose gel electrophoresis
which confirms respectiveMalassezia species in
PCR-RFLP experiments is given in figure 2.
Out of 50 Malasseziaisolates,the most common
species was M.furfur (64.7%) followed
byM.restictaandM.slooffiae(14% each)and
finally the least of them all were M.sympodialis
and M.globosa(4% each). Cell morphology of
these isolates as seen under the microscope
upon simple staining is given in figure 3.

Out of 35 volunteers (8 male, 27 female;
average age of 29; with youngest being 18
years old and eldest being 40 years of age),
57.1%of them had M.furfurapredominant
singlespecies associated with their dandruff
condition. About 12 volunteers (34.3%) had
more than one Malasseziaspeciesassociated
with their dandruff, out of which, 7 volunteers
had M.restricta along with  M.furfur
and5volunteer had M. slooffiae along with
M.furfur. Three volunteers (8.6%) had mixture
of Malassezia species (M. furfur, M.
restrictaandM.  slooffiaeorM.  furfur, M.
slooffiae and M. sympodialis) associated with
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their dandruff condition. Only 2 volunteers
(5.7%) had M. slooffiae alone, and only one
volunteer (2.9%) had M.globosa alone (Table
1).All 50 confirmedMalasseziaisolates showed
positive for catalase test.

Phospholipase production

None out of 50 Malasseziaspecies showed
clearly distinguishable precipitation zone for
phospholipase  activity upon 5  days
incubation.Calculated Pz value after 5 days
incubation was 1 for all isolates.

4. DISCUSSION

Very few epidemiological data have been
generated for dandruff causing Malassezia
yeast among Indian population. In one of the
study conducted in southern part ofindia where
the predominant species isolated was M.
symbodialis(Sumathi and Growther, 2014).
Another study conducted to compare different
geographical influence and seasonal variation
on dandruff sufferer concluded that irrespective
of geographical variations (southern part or
northern part of India) and/or seasonal changes
(winter or summer),M. globosa and M. restricta
were the most prominent species isolated
(Rudramurthyet al., 2014). Yet another study
from central region of India conducted among
100 patients of pityriasis versicolor concluded
that the most prominent isolates were M.
globosa (57.5%) followed by M. symbodialis
(17.2%) and only 6.9% of isolates were M.
furfur. (Rahul et al., 2010).

Contrary to these findings, in our current study,
64.7 % of the isolates were of M. furfur,
followed by M. resticta and M. slooffiae(14%
each)and the least of them all were M.
sympodialis and M. globosa (4% each). Our
study data are similar to the findings reported
from Iran, where the most prevalent species
among  seborrheic  dermatitis  patients
undergoing  treatment was M. furfur
(Saghazadehet al., 2010), and also by the study
conducted by Nakabayashi et al. the dominant
species was M. furfur.Global epidemiological
data compiled by Rodoplu et al., (2014)suggest
that the most prominent species among
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pityriasis versicolor patients in different
countries are M. globosa followed by M. furfur
and M. sympodialis.

The difference in Malassezia species
distribution may be attributed to various factors
and the prominent ones may be due to
sebaceous lipid secretion which determines the
growth of different lipophilic organisms, and
also the individual susceptibility towards a
particular species (DeAngeliset al., 2005).

One of the major issues often faced while
conductingepidemiological study on
Malassezia is due to its poor isolation rate on
laboratory media which results from much
longer incubation time and often the loss of
viability. While the conventional plating
technique and further biochemical and
morphological tests can help in identifying
Malassezia isolates with a reasonable level of
accuracy, but molecular based confirmation
tools such as PCR-RFLP have been proven to
be much more reliable and accurate
(Saghazadehet al., 2010;Mirhendiet al., 2005).
In our current study, we have used PCR-RFLP
profiling with template preparation from
Malassezia  colonies  using  microwave
irradiation and PCR-RFLP, as described by
Rudramurthyet al., 2014. This technique is
rapid, reliable and accurate.

Most Malassezia species cannot synthesize
fatty acids for their growth due to theabsence of
gene responsible for fatty acid synthase (Xuet
al., 2007). Due to this lipid dependency, these
species might require several lipolytic enzymes
such as lipases and phospholipases.
Extracellular secretion of phospholipases is
considered to be associated with virulence for
many pathogenic bacteria and fungi (Pini and
Faggi, 2011).

In our current study, we used the Price method
for demonstrating the extracellular
phospholipase activity of various Malassezia
isolates. Five days incubation period was set up
as most of the species have shown reasonably
good growth during that time. Absence of
visible precipitation zone in our study could be
attributed to various factors such as inadequate
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incubation time and/ or weak phospholipase
activity which could not be visualized during 5
days incubation period. Though the possibility
seems to be remote, but still it could also be
possible that none of the species exhibited
distinguishableenzyme activity during the
course of evaluation for unexplainable reasons.
In one of the studies conducted among
individuals suffering from pityriasisversicolor
and seborrheic dermatitis, it was found that the
phospholipase production took much longer
time than expected. Precipitation zone was not
visible until 10 days of incubation, primarily
because the diameter of the colony as well as
the precipitation zone increased simultaneously
resulting in misleading results (Pini and Faggi,
2011). Longer incubation may be required to
substantiate this hypothesis.

5. CONCLUSION

Prevalence of M. furfur was significantly
higher  than M.restricta, M.slooffiae,
M.sympodialisand M. globosa, among the
volunteers included in this study from southern
part of India in contrast to few other studies
where M. globosa was the prominent one.
Occurrence and distribution pattern of different
Malassezia species among dandruff scalp could
largely be influenced by local environmental
conditions, varying level of sebaceous secretion
and individual sensitivity to a particular
species.

Capacity to produce distinguishable level of
phospholipase enzymes by these
Malasseziaisolatesmayneed to be studied
further bysubjecting to amethodology where
prolonged incubation of 15 to 20 days with
controlled and continuousmonitoring of zone
formation is carried out.
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Fig 1:Prevalence of Malassezia species among dandruff sufferers in Bengaluru region of southern India

M. furfur J M.restricta M.slooffiae
é o -

" 7 - - o :
| P ez & ¥ :

- - M. sympodialis

M.globosa ‘
*
B _2| ==
ey — B

Figure 2: The micrograph of isolated Malassezia species
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Figure-3 Agarose gel picture of PCR-RFLP profile forM. sympodialis, M.slooffiae, M.furfur and M. restricta
species after digestion with restriction enzymes- Alul, Banl, MspAl.
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SN Voélé':;:er Age Gender 2232:::? M.furfur M.restricta M.globosa M.sloofiae M.sympodialis I(?::;ilt?zi P';,?Z%'L%It'ig?]se
1 K01 35 F Moderate N - - - - Positive weak/nil
2 K02 26 F Moderate N - - - - Positive weak/nil
3 K03 30 F Moderate N N - N - Positive weak/nil
4 K04 40 F Moderate N - - - - Positive weak/nil
5 K05 33 F Moderate N - - N N Positive weak/nil
6 K06 34 F Moderate N - N - - Positive weak/nil
7 K07 24 F Moderate N - - - Positive weak/nil
8 K08 24 F Moderate N - - - - Positive weak/nil
9 K09 20 F Moderate N - - - - Positive weak/nil
10 K10 29 F Moderate N - - - - Positive weak/nil
11 K11 27 F Moderate N N - - - Positive weak/nil
12 K12 31 F Moderate N N - - - Positive weak/nil
13 K13 20 M Moderate N - - - - Positive weak/nil
14 K14 19 M Moderate N - - - - Positive weak/nil
15 K15 38 F Moderate N - - - - Positive weak/nil
16 K17 27 F Moderate N N - - - Positive weak/nil
17 K18 25 M Moderate N - - - - Positive weak/nil
18 K19 31 F Moderate N - - - - Positive weak/nil
19 K20 33 F Moderate N - - - - Positive weak/nil
20 K21 22 F Mild N - - - - Positive weak/nil
21 K22 18 M Moderate N - - N - Positive weak/nil
22 K23 31 M Moderate N - - - - Positive weak/nil
23 K24 40 F Moderate N - - - - Positive weak/nil
24 K25 28 F Moderate N - - - - Positive weak/nil
25 K26 37 F Moderate N - - - - Positive weak/nil
26 K27 29 F Moderate N - - N N Positive weak/nil
27 K28 32 F Moderate N - - - - Positive weak/nil
28 K29 31 F Moderate N - - N - Positive weak/nil
29 K30 35 F Moderate N N - - - Positive weak/nil
30 K31 38 F Moderate - N - - Positive weak/nil
31 K32 36 F Moderate N - - - - Positive weak/nil
32 K34 20 F Moderate N N - - - Negative weak/nil
33 K36 21 M Moderate - - N - Positive weak/nil
34 K37 25 M Moderate \ \ - - - Positive weak/nil
35 K39 31 M Moderate - - N - Positive weak/nil

Table 1 : Prevalence of Malassezia species among Dandruff sufferers in southern parts of India.
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