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The genus Malassezia has gained importance as an opportunistic yeast for its association with many 
diseases ranging from pityriasis versicolor (PV) to invasive mycosis. Previous studies reported 
interesting geographical variations in prevalence of Malassezia species. The distribution of this 
emerging yeast in north-east India has not been fully explored. Hence, the present study aimed to 
determine distribution of Malassezia species in PV patients and healthy individuals in north-east 
India. The study included 200 PV patients and 200 healthy individuals. After isolation, Malassezia 
species were identified by phenotypic and molecular methods. The mean colony count of Malassezia 
species were significantly higher in lesional than non-lesional areas of PV patients. The predominant 
species was M. furfur (72.8%) followed by M. globosa (14.9%). M. furfur (92.5%) predominated in 
healthy skin also. Distribution of Malassezia species in PV lesions and healthy skin in north-east 
India varies significantly from many geographical regions across the world.  
 

 
 
 
 

  

  
 

 
 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 
  

 
 
 

INTRODUCTION  
 

The genus Malassezia is classified under the order 
Malasseziales which includes basidiomycetous yeasts without 
ballistospores (Moore 1980; Batra et al. 2005; Crespo-Erchiga 
and Guého 2005). They are obligatory or non-obligatory lipid 
dependant yeasts and are known to be a component of the 
commensal flora of skin of warm blooded animals (Abou-
Gabal et al. 1979; Xhengappa et al. 1983; Guého et al. 1998 
and Raabe et al. 1998). Recently, this genus is gaining 
importance as emerging pathogen as they are found to be 
associated with blood stream infection in immunocompromised 
patients and neonates receiving parenteral lipid emulsion 
(Crespo et al. 2000 and Gupta et al. 2014).   
 

The fungal etiology of pityriasis versicolor was first recognized 
in 1846 (Eichstedt 1846). The unstable morphological 
variations, strict lipid dependency lead to difficulty in growing 
this fungus, thereby limiting study on this fungus (Guillot et al. 
1996; Midgley 2000; Gupta et al. 2001 and Ashbee and Evans 

2002). Reclassification of this genus included seven species 
namely M. furfur, M. pachydermatis, M. sympodialis, M. 
globosa, M. obtusa, M. restricta and M. slooffiae (Gupta et al. 
2000). Currently, another eight species comprising M. 
dermatis, M. japonica, M. nana, M. yamatoensis, M. caprae, 
M. equina, M. cuniculi and M. arunalokei have been included 
in this genus (Guého et al. 1996; Sugita et al. 2004; Cabanes                    
et al. 2011 and Honnavar et al. 2016).  
 

Although PV is the only human disease for which Malassezia 
has been fully established as pathogen, debate still remains 
over which species or indeed whether more than one species is 
involved in the disease (Zhang et al. 2013).  After recognition 
of the genus Malassezia as potential pathogen associated with a 
number of human diseases, there is a growing need for 
extensive research on this fungus. The reported literatures have 
shown interesting geographical variations in species 
distribution (Nakabayashi et al. 2000 and Cafarichia et al. 
2011). The north-east region of India experiences a humid 
subtropical climate which creates fertile ground for many 
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fungal pathogens. Also, the region is inhabited by population 
with wide socio-cultural diversity including various ethnic 
groups and migrant population of different states of India. 
Hence, it is hypothesized that, the geographical, climatic and 
ethnic variation can contribute towards the differences in the 
distribution of the Malassezia species in north-east India. The 
present study aimed to determine the distribution of Malassezia 
species in PV and healthy individuals of north-east India and 
their correlation with various demographic and clinical 
characteristics. 
 

MATERIALS AND METHODS 
 

Location and duration of the study 
 

The study was carried out in the Department of Microbiology, 
Gauhati Medical College, Assam, India during a period of four 
years. 
 

Study design 
 

The study was a hospital based unmatched case control study. 
The study has been approved by the institutional ethics 
committee and was performed in accordance with the ethical 
standards as laid down in the Indian Council of Medical 
Research’s Ethical guidelines for biomedical research on 
human participants (2006).  
 

Sample size 
 

Sample size was determined with continuous correction by 
assuming two sided confidence level (1-) 95%, power (1-) 
80%, taking ratio of case with control 1:1, with proportion of 
control exposed 7.4% and assuming to detect least extreme 
odds ratio of 2.25. For calculating the sample size, the 
prevalence rate of PV in West Bengal 15.2 % was considered, 
as no published data is available from Assam) (Das et al., 
2009). 
 

Study population 
 

Two groups of study participants i.e. cases and control based 
on presence or absence of dermatosis were identified in the 
Department of Dermatology, Venereology and Leprology of 
Gauhati Medical College, Assam, India by clinical 
examination. Cases were selected from patients attending 
hospital in sequence after applying inclusion and exclusion 
criteria and in the similar manner controls were also recruited 
after taking written consent. Inclusion criteria for cases were 
scaling hypo- or hyperpigmented macules on various parts of 
the body who were not on antifungal therapy for last one month 
(Roberts 1969 and Crespo-Erchiga and Delgado Florencio 
2002).   
 

Selection criteria for cases and controls  
Inclusion criteria for the cases (Hay et al., 2004):  
 

Patients with clinical presentation compatible with PV or 
clinically diagnosed as PV 
 

 Dyschromic macules (hypo or hyperpigmented) with 
or without scaling. 

 Patchy lesions with varying changes of skin colour. 
 Patients of all ages and of both sexes. 

 

Inclusion criteria for controls 
 

 Patients without any clinically evident skin diseases. 
 

Exclusion criteria for cases 
 

 Patient with other pigmentation disorders. 
 Patient with a history of antifungal therapy (systemic and 

topical) taken within previous one month. 
 Patient with a history of topical or systemic steroid 

treatment within previous one month.  
 

Exclusion criteria for controls 
 

 Presence of dermatosis or skin diseases.  
 

Sample collection 
 

Scotch tape of about one square inch was applied on the skin of 
lesional and non-lesional sites of 200 PV cases after 
identification of the lesions by Wood's lamp examination, left 
in place for a minute, removed and transferred to modified 
Leeming Notman agar plate and incubated at 320C for 7 days in 
humid chamber (Guého et al. 1996 and Sugita et al. 2004). 
Samples were also collected from forehead, chest, upper back 
and dorsum of hand of healthy individuals. Samples were 
collected in duplicate for direct microscopic examination using 
Parkers’s stain, Calcofluor white stain and culture.  
 

Identification Malassezia species  
 

Phenotypic characterization 
 

Malassezia colonies were counted and identified by 
macroscopic and microscopic features, biochemical tests like 
catalase, urease and  ß glucosidase activity, Tween and 
Cremophor EL assimilation, growth at 370 & 400C (Guého                 
et al. 1996,1998 and Guillot et al. 1996).  
 

Molecular characterization (DNA extraction, PCR-RFLP, 
sequencing and sequence alignment) 
 

DNA extraction 
 

DNA extraction was performed by Glass bead-phenol-
chlorophorm method (Yamada et al. 2002).  
 

PCR-RFLP 
 

PCR-RFLP and sequencing of 26SrDNA were standardized 
using Malassezia reference strains from Microbial Type 
Culture Collection, Institute of Microbial Technology, 
Chandigarh, India (MTCC) and Centraalbureau 
Schimmelcultures-KNAW Fungal Biodiversity Centre, Utrecht, 
Netherlands (CBS-KNAW) (Fig. 1).  
 

Amplification was performed using generic primers Mal 1F: 
5´-TAACAAGGATTCCCCTAGTA-3´ and Mal 1 R: 5´-
ATTACGCCAGCATCCTAAG-3´ (Promega Corporation, 
Madison, USA) which could yield a PCR product of 580bp 
(Mirhendi et al. 2005; Giusiano et al. 2010 and Zia et al. 2015). 
The endonucleases were selected using CLC Sequence Viewer 
(version 5.0, CLC Bio, Free software) and 26SrDNA sequences 
of known Malassezia obtained from GenBank accession 
numbers AY743602 (M. furfur CBS 1878), AJ249951(M. 
globosa CBS 7966), EF140672 (M. japonica CBS 9431), 
AJ249954 (M. obtusa CBS 7876), AJ249953 (M. sympodialis 
CBS 7222), AJ249950 (M. restricta CBS 7877), AY743606  
(M. slooffiae CBS 7956), AJ249952 (M. pachydermatis CBS 
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1879), AB125263 (M. yamatoensis CBS 9725), AB070361 (M. 
dermatis CBS 9169), AB075224 (M. nana CBS 9557),  
AJ305330 (M. equina CBS 9969),  AY743616 (M. caprae CBS 
10434), GU733708 (M. cuniculi CBS 11721) and KM235689 
(M. arunalokei CBS13387). The sequences were subjected to 
multiple sequence alignment, followed by in silico restriction 
digestion by the commonly available enzymes that cut 
differently in the D1/D2 region of the 26SrDNA genes. The 
restriction enzymes CfoI and MboI distinctly differentiated all 
the species of Malassezia. The theoretical restriction digestion 
profile of 26SrDNA of Malassezia reference strains was 
generated and noted using New England BioLabs NEBcutter, 
version 2.0. available from:  http://tools.neb.com/NEBcutter2/) 
and compared with the RFLP band pattern of the reference 
Malassezia strains (Vincze et al. 2003).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The theoretical restriction fragment size calculated by in silico 
analysis was compared with gel estimated fragment sizes. 
Digestion was performed by incubating a 10µl aliquot of 
amplicon with 10 U of the enzymes in a final reaction volume 
of 25µl at 370C for 3 hours followed by agarose gel 
electrophoresis.  (Table 1; Fig. 2) 
 

Sequencing and sequence alignment 
 

Sequencing of 26S rDNA was done with primers Mal 1F:5´ 
TAACAAGGATTCCCCTAGTA-3´ and Mal 1 R:5´-
ATTACGCCAGCATCCTAAG-3´. Purification of amplified 
product was performed by Exonuclease I-SAP (Shrimp 

Alkaline phosphatase) from Thermo scientific, USA. Eluate 
was used as purified gene product for sequencing which was 
performed for both the strands using above-mentioned primers 
and BigDye® Terminator Cycle Sequencing Kit, Version 3.1 
(Applied Biosystems, Foster City, USA). The sequencing 
reactions were purified and analyzed on ABI 3730 XL Genetic 
Analyzer (Applied Bio systems® Foster City, USA). The 
consensus sequences were prepared using BioEdit sequence 
alignment editor (version 7.2.5) (Hall 1999). The consensus 
sequences were searched against the GenBank database of the 
National Center for Biotechnology Information (NCBI) using 
the BLASTN algorithm (http://blast.ncbi.nlm.nih.gov/). 
Consensus sequences were also compared with the sequences 
available in the CBS-KNAW database.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
A similarity of > 98% to the 26SrDNA partial sequences of 
type strains was used as criterion for identification of the 
species. 
 

Statistical analysis of data  
 

Statistical Package for Social Science Software (SPSS version 
16.0) and Epi-Info 7.1.2.0 (2013; CDC, Atlanta, USA) were 
used in the analysis of the data generated in the study. Results 
are presented as number and percentages or mean/median ± 
SD. Chi-square test was done to evaluate the correlation 
between Malassezia species and demographic and clinical 
characteristics. Fisher's exact test was also done to find out 

 
 

Fig 1 Agarose gel picture of PCR-RFLP profiles of reference strains M. furfur (MTCC1374), M. globosa (CBS7886), M. japonica (CBS 9432), M. sympodialis 
(CBS7222), M. slooffiae (CBS7956), M. restricta (CBS7877) and M. pachydermatis (MTCC1369) 
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association between various Malassezia species and PV. 
'Student t test' was done to compare density of the predominant 
species of the study M. furfur in the lesional and non-lesional 
areas and healthy subjects. The association between 
predisposing factors and PV was assessed by Chi-square test 
and logistic regression analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Phylogenetic analysis 
 

Phylogenetic and molecular evolutionary analyses were 
conducted using MEGA version 6 using 
Unweighted Pair Group Method with Arithmetic Mean 
(UPGMA) (Sneath et al., 1973 and Tamura et al., 2013).  
 

RESULTS 
 

Demographic characteristics of the study population 
 

The age of the PV patients ranged from 1 70 years (median: 26 
± 14.6 years) and the number of male cases (median age: 27 ± 
14.06 years) was more than females (median age: 27 ± 15.75 
years). The PV cases included 135 males (67.5%) and 65 
females (32.5%) with a male to female ratio of 1.6:1. PV (36%) 
was more prevalent in the age group of 21 30 years. Healthy 
subjects included 86 males (43%) and 114 females (57%).  Of 
the 200 healthy subjects, Malassezia was isolated from 105 
healthy subjects which included 43 (21.5%) males and 62 
(31.0%) females. The highest colonization was seen in the age 
group of 21 30 years. 
 

Distribution of Malassezia species in PV patients and healthy 
subjects 
 

The Malassezia species isolated from lesional vs non-lesional 
sites of PV cases were M. furfur (72.8% vs 66.1%), M. globosa 
(14.9% vs 4.4%), M. obtusa (4.8% vs 0.0%), M. sympodialis 
(3.4% vs 14.7%), M. restricta (2.7% vs 19.1%), M. slooffiae 

(0.7% vs 0.0%), M. japonica (0.7% vs 0.0%). (Table 2) Among 
the healthy subjects, the most frequent isolate was M. furfur 
(92.5%).  In 7 (5%) PV patients and 2 (1.9%) healthy subjects, 
mixed growth of more than one Malassezia species was seen. 
Malassezia culture positivity rate was higher from the lesional 
sites (P< 0.0001). (Table 2) The mean colony count was 
significantly higher in the lesional areas of all the body sites (p 
value < 0.05). (Table 3) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparisons of the results of phenotypic and molecular 
characterization 
 

Overall some discrepancies were observed when the 26SrDNA 
PCR-sequencing results were compared with the results of 
phenotypic characterization and a concordance rate of 74.6% 
was found. The results of the two molecular methods used in 
our study were found concordant with a concordance rate of 
89.2%.  
 

Correlation with distribution of Malassezia species with 
demographic and clinical characteristics 
 

Statistical analysis (Chi square test) revealed significant 
difference between the two genders with reference to 
distribution of M. globosa only in both the study groups. No 
other Malassezia species was significantly associated with any 
of the demographic and clinical characteristics including 
involvement of body sites. The results of logistic regression 
analysis are shown in Table 4. The predisposing factors 
significantly contributing to development of PV were increased 
sweating, poor hygeine and immunosuppressive diseases. 
 

Phylogenetic analysis 
 

Phylogenetic tree of the Malassezia isolates is shown in Fig. 3. 
The percentage of replicate trees in which the associated taxa 
clustered together in the bootstrap test (1000 replicates) is 
shown next to the branches. The evolutionary distances were 
computed using the Maximum Composite Likelihood method. 
The tree is rooted with Cryptococcus neoformans CBS 132 
(AF075484). The six Malassezia species M. furfur, M. globosa, 
M. obtusa, M. sympodialis, M. restricta and M. japonica, all 
formed separate and well-supported clades in the analysis of  
 
 

Table 1 PCR product size (bp) and expected length of 
restriction fragments (bp) obtained in silico restriction 

digestion profile generated using NEBcutter, version 2.0 
 

Malassezia species 
Amplicon size 

(bp) 
CfoI MboI 

M. furfur 582 250,113,107,59,30,21 441,73,68 
M. globosa 584 455, 129 516,68 
M. obtusa 580 250,153,107,29 440,68,66 

M. sympodialis 578 357,200,21 439,73,66 
M. restricta 581 NRS NRS 
M. slooffiae 584 250, 107,87,76,64 NRS 
M. japonica 580 250,174,107 NRS 

M. pachydermatis 580 250,223,107 514 
M. yamatoensis 625 165,145,113,85,59 NRS 
M. arunalokei 581 430, 151 NRS 

 
NRS: No restriction site 
 

 
 

Fig 2 A-PCR-RFLP with CfoI: L1-8-M. furfur, L9-100 bp DNA ladder, 
L10-M. globosa, L11-M. furfur, L12-M. restricta & M. furfur, L13-M. 
obtusa, L-14-M. furfur and M. sympodialis, L15-M. restricta; B-PCR-

RFLP with MboI: L1-M. furfur, L2-M. globosa L3-6-M. furfur, L7-100bp 
DNA ladder, L8-12-M. furfur L13-100bp DNA ladder 

 
 

Table 2 Distribution of Malassezia species in PV patients 
(lesional and non-lesional skin) and healthy subjects 

 

Malassezia 
species 

Lesional          
n (%)a 

Non 
lesional      
n (%) 

Lesional vs 
non-lesional 

p-valueb 

Healthy 
subjects 
n (%)a 

Lesional 
vs 

Healthy 
subjects 
p-valueb 

M. furfur 107 (72.8)a 45 (66.1) 0.0126 99 (92.5)a 0.0002 
M. globosa 22 (14.9) 3 (4.4) 0.0073 3 (2.8)a 0.0032 
M. obtusa 7 (4.8) 0 (0) 0.0538 0 (0) 0.0225 

M. sympodialis 5 (3.4)a 10 (14.7) 0.0118 0 (0) 0.0756 
M. restricta 4 (2.7)a 13 (19.1) 0.0004 5 (4.6)a 1.0000 
M. slooffiae 1(0.7) 0 (0) 0.0177 0 (0) 1.0000 
M. japonica 1 (0.7) 0 (0) 0.0177 0(0) 1.0000 

Total Malassezia 
culture positive 

140 (70)c 68 (34.0)c 0.0001 105 (52.5)d 0.0005 
 

a Patient may have more than one Malassezia species  
b Fisher’s exact test: level of significance p < 0.05. 
c Percentage of 200 PV patients. 
d Percentage of 200 healthy subjects. 
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D1/D2 sequences of the 26SrRNA gene of the Malassezia 
species. In this analysis, M. furfur forms two well supported 
clades- a) one with M. globosa, M. obtusa, M. japonica and M. 
sympodialis, and b) the other furfur clade contained M. furfur, 
M. globosa and M. restricta.  Representative sequences of the 
Malassezia isolates were submitted to the NCBI GenBank 
(accession numbers KT239952 to KT240042).  
 

DISCUSSION  
 

Investigators from different geographical areas have studied the 
etiology of PV and have observed interesting geographical 
variations. In most of these studies, M. globosa was the 
predominant species in the PV lesions or species other than M. 
globosa like M. sympodialis was the predominant species in the 
PV lesions (Crespo Erchiga et al. 2000; Aspiroz et al. 2002; 
Tarazooie et al. 2004; Giusiano et al. 2010 and Zhang et al. 
2013).  On the other hand, several studies reported M. furfur to 
be the commonest species associated with PV in the tropical 
and subtropical regions (Razanakolona et al. 2004; de 
Quinzada 2005; Miranda et al. 2006; Krisanty et al. 2008; Eidi 
2012; Shoeib et al. 2013; Pramanik et al. 2014 and Ibekwe                  
et al. 2015).  
 

In Indian studies also, considerable variations can be found. 
Malassezia  sympodialis was reported to be the commonest 
species isolated from PV lesions in south India; M. globosa in 
north and central India and M. furfur was reported to be the 
commonest species in West Bengal (Panja 1927; Dutta et al. 
2002; Kindo et al. 2004; Choudhury et al. 2010 and Pramanik 
et al. 2014). In the present study also, M. furfur (72.8%) was 
the predominant isolate. These findings are similar to the 
studies done in Madagascar, Panama, Brazil, Indonesia, Iran, 

Table 3 Mean colony count of Malassezia furfur from lesional and non-lesional areas of PV patients 
 

No. Body site 

Mean colony 
count from 

lesional area 
(cfu inch-2) 

Mean colony count 
from non-lesional 
area (cfu inch-2) 

t-Test for equality of means 

t df p-value 

M
ea

n
 d

if
fe

re
n

ce

S
ta

n
d

a
rd

 e
rr

o
r 

d
if

fe
re

n
ce

 95% CI of the difference 

Lower Upper 

10 Face 98.7 71.5 3.013 18 0.007* 27.200 9.028 8.231 46.168 
28 Neck 107.9 88 3.138 54 0.003* 19.928 6.351 7.195 32.661 
25 Chest 90.6 80 2.256 48 0.029* 10.640 4.715 1.158 20.121 
19 Back 100.6 80.8 2.829 36 0.008* 19.789 6.996 5.600 33.978 
13 Trunk 97.8 71.8 3.277 24 0.003* 26.000 7.934 9.623 42.376 
11 Upper limb 82 54.09 8.905 20 0.000* 29.909 3.358 22.902 36.915 
4 Lower limb 97 49 4.549 6 0.004* 48.000 10.551 22.181 73.818 
1 Flexural area 78 41 - - - - - - - 

 

df: Degree of freedom; CI: Confidence interval 
*Statistically significant by Student’s t-test (P < 0.05). 
 

Table 4 Logistic regression estimates for the effect of some of the selected variables on development of PV 
 

 

Study 
group 

Factors β 
Standard 

Error 
p Odd Ratio 

95% Confidence 
Interval for Odd Ratio 
Lower 
Bound 

Upper 
Bound 

Occupation 
Sedentary Life 

style (ref.) 
- - - 1.00 - - 

Manual Labour 0.317 0.267 0.235 1.373 0.814 2.315 

Application of oil 
Yes (ref.) - - - 1.00 - - 

No 0.064 0.252 0.801 1.066 0.650 1.748 

Increased sweating 
Absent (ref.) - - - 1.00 - - 

Present 1.445 0.224 0.000 4.242 2.734 6.581 

Poor hygiene 
Absent (ref.) - - - 1.00 - - 

Present 0.755 0.317 0.017 2.127 1.142 3.961 
Immuno 

suppressive disease 
Absent (ref.) - - - 1.00 - - 

Present 2.369 0.616 0.000 10.690 3.194 35.781 

 

 
Fig 3  Dendogram showing phylogenetic relationship among the 

Malassezia isolates inferred by UPGMA method using MEGA version 
6. The numbers at branch points are the percentages of 1000 

bootstrapped datasets that supported the specific internal branches. 
Outgroup: Cryptococcus neoformans CBS 132. 
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Egypt and Nigeria which show a clear predominance of M. 
furfur in PV lesions (Razanakolona et al. 2004; de Quinzada 
2005; Miranda et al. 2006; Krisanty et al. 2008; Eidi 2012; 
Shoeib et al. 2013; Pramanik et al. 2014 and Ibekwe et al. 
2015). This may support the earlier hypothesis proposed by 
Panja (1927) or Castellani (1935) and later on defended by 
Midgley (2000) and Crespo-Erchiga and Delgado Florencio 
(2002) that a second species other than M. globosa, which is 
mainly reported from temperate region, might predominate in 
warmer and more humid climates (Panja 1927; Castellani 1935; 
Midgley 2000 and Crespo-Erchiga and Delgado Florencio 
2002). In the present study, M. globosa has been isolated less 
frequently (14.9%) than other studies (Roberts 1969; Makni                
et al. 2004 and Tarazooie et al. 2004).  
 

The present study revealed that, Malassezia species were not 
significantly associated with any particular age group which 
was in agreement with the findings of Shokohi et al. (2009) and 
Choudhary et al. (2010).  However, there was significant 
difference between the two genders with reference to 
distribution of M. globosa only in both the study groups. This 
corresponds with the findings of   Giusiano et al. (2010).       
The study also found that, none of the Malassezia species 
affected the body sites with statistical significance which 
corresponds with the findings of Shokohi et al. (2009) and 
Giusiano et al. (2010). 
 

CONCLUSION 
 

The results of this study supported the proposed hypothesis that 
geographical, climatic and racial variations can contribute 
towards the differences in the distribution of Malassezia 
species. However, in our view, further studies would be needed 
in this region to understand the relationship of various 
environmental factors and variation in distribution of 
Malassezia species.  
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