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Summary Fifty-five strains, either authentic or ex-type, of seven Malassezia species were investigated for in vitro

susceptibility to various concentrations (0´03±64´0 mg/mL) of three azole drugs, ketoconazole,
voriconazole and itraconazole, as well as the allylamine terbinafine, using the agar dilution method.

All strains of the seven Malassezia species were susceptible to the three azole drugs at low

concentrations. M. furfur, M. sympodialis, M. slooffiae, M. pachydermatis, M. globosa, M. obtusa and
M. restricta were most sensitive to ketoconazole and itraconazole, with minimum inhibitory

concentrations (MICs) ranging from # 0´03 to 0´125 mg/mL. The recently introduced antifungal,

voriconazole, was also very effective, with MIC80 values # 0´03 mg/mL for 80% of strains. MICs of
terbinafine against the seven Malassezia species ranged from # 0´03 to 64´0 mg/mL. There were

variations in susceptibility of the seven Malassezia species to ketoconazole, voriconazole,

itraconazole and terbinafine. Strains of M. furfur, M. globosa and M. obtusa were more tolerant to
terbinafine than the remaining Malassezia species; M. sympodialis was highly susceptible. M. furfur

strains tested with terbinafine ranged from highly susceptible to relatively resistant. Correct

identification of Malassezia species could facilitate selection of appropriate antifungal therapy.

Key words: azoles, in vitro susceptibility, itraconazole, ketoconazole, Malassezia, terbinafine,
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Yeasts of the genus Malassezia are part of the normal

mycota of the skin of humans and other warm-blooded
animals.1 Malassezia yeasts may also have a role in

pityriasis (tinea) versicolor,2 seborrhoeic dermatitis,3,4

seborrhoeic blepharitis,5 dandruff,4 `Malassezia follicu-
litis',6 confluent and reticulate papillomatosis7 and,

uncommonly, systemic infections. In the last category,

Malassezia species may be associated with catheter-
acquired sepsis, fungaemia and pulmonary infection

in neonates; these infections can sometimes be life-

threatening.8±12 Malassezia species, among several
other fungi of emerging importance, have been

reported as significant causes of fungal infections in

patients with cancer13,14 and AIDS.15

Pityriasis (tinea) versicolor was possibly first reported

as a cutaneous disease in 1846.16 In 1873, Rivolta17

observed the presence of yeasts in skin. Early investi-

gators such as Malassez18 and Bizzozero19 observed the
diversity and variation in morphology within the genus

Malassezia. M. furfur (Robin) Baillon was the first

species identified within the genus.20 The later name
Pityrosporum ovale (Bizzozero), cited in Castellani and

Chalmers,21 is considered to be a synonym for the same

organism.22 Prior to 1996, only three species were
accepted within the genus Malassezia. Besides M. furfur,

the other two species described were M. pachydermatis

(Weidman) Dodge (= Pityrosporum canis)22,23 and M.
sympodialis, cited in Simmons and GueÂho.24 In 1990,

Cunningham et al.25 recognized three subdivisions

within the lipid-dependent Malassezia species, and
named them serovars A, B and C on the basis of

cultural characteristics and serological differences in

cell-surface antigens. Recently, the genus Malassezia has
been revised based on morphological, ultrastructural,

physiological and molecular observations.22 As a
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Table 1. Source and origin/location of 55 Malassezia strains used for drug sensitivity testing

Identification no. Malassezia species Source Origin/location Original substrate

ATCC 14522 M. furfur ATCCa ±h ±
ATCC 96811 ATCC ± ±
CBS 1878j CBSc ± Dandruff
GM 551 G.Midgleyb London, U.K. ±
JF 01 J.Faergemannd Sweden ±
JF 02 J.Faergemann Sweden ±
JF 03 J.Faergemann Sweden ±
JF 04 J.Faergemann Sweden ±
96FR 1991 Mycology, MOHe Toronto, ON, Canada Catheter tip longline
97F 661 Mycology, MOH London, ON, Canada Toenail swab
97F 6726 Mycology, MOH Cambridge, ON, Canada Chest
97F 8817 Mycology, MOH Toronto, ON, Canada Left arm
97F 9089 Mycology, MOH Scarborough, ON, Canada Chest
97F 9734 Mycology, MOH Toronto, ON, Canada Fingernail
97FR 1272 Mycology, MOH Toronto, ON, Canada Blood culture
97FR 2125 Mycology, MOH London, ON, Canada Skin from chest
97FR 3007 Mycology, MOH Windsor, ON, Canada Bronchial wash
97FR 3926 Mycology, MOH ± ±
97SF 5952 Mycology, MOH Brantford, ON, Canada Knee tissue
98F 5399j Mycology, MOH Toronto, ON, Canada Trunk
JF 05j M. sympodialis J.Faergemann Sweden ±
ATCC 96803 ATCC ± ±
CBS 7222i CBS Atlanta, GA, U.S.A. Ear
GM 323i G.Midgley London, U.K. ±
96FR 1602 Mycology, MOH Willowdale, ON, Canada Blood
97FR 2426 Mycology, MOH London, ON, Canada Skin
97FR 2699 Mycology, MOH London, ON, Canada Abdomen
97F 8615 Mycology, MOH Toronto, ON, Canada Upper chest
97F 8753 Mycology, MOH Toronto, ON, Canada Trunk
98F 8139j Mycology, MOH Toronto, ON, Canada Upper back
CBS 7956 M. slooffiae CBS France Healthy ear of pig
GM 150 G.Midgley London, U.K. ±
JF 06 J.Faergemann Sweden ±
TV1j WTf Hong Kong Upper back
SF3i N.Morarg South Africa Back
98F 4721i Mycology, MOH Mount Forest, ON, Canada Scalp
98F 6419i Mycology, MOH Etobicoke, ON, Canada Groin
HK10i M. globosa WT Hong Kong Chest
SF7i N.Morar South Africa Arms
SF14i N.Morar South Africa Chest
98F 3552i Mycology, MOH Etobicoke, ON, Canada Neck
98F 3715i Mycology, MOH Etobicoke, ON, Canada Chest
98F 4888i Mycology, MOH Toronto, ON, Canada Back
98F 6443i Mycology, MOH Toronto, ON, Canada Body
ATCC 14521 M. pachydermatis ATCC ± ±
CBS 1879 CBS Sweden Ear of a dog
GM 420 G.Midgley London, U.K. ±
96FR 1502 Mycology, MOH London, ON, Canada Fingernail
CBS 7877i M. restricta CBS Bristol, U.K. Healthy skin
YKM 8i Mycology, MOH Etobicoke, ON, Canada Forehead
YKM 32i Mycology, MOH Etobicoke, ON, Canada Scalp
YKM 57i Mycology, MOH London, ON, Canada Forehead
98F 3529i M. obtusa Mycology, MOH Etobicoke, ON, Canada Neck
98F 8316i Mycology, MOH Toronto, ON, Canada Fingernail
SF5i N.Morar South Africa Neck
a American Type Culture Collection, 12301 Parklawn Drive, Rockville, MD, U.S.A.; b strains obtained as a gift from Dr Gillian Midgley, Department
of Medical Mycology, St John's Institute of Dermatology, London, U.K.; c cultures bought from Centraalbureau voor Schimmelcultures, the
Netherlands; d strains obtained as a gift from Dr Jan Faergemann, Department of Dermatology and Venereology, GoÈteborg University, GoÈteborg,
Sweden; e Medical Mycology Laboratory, Laboratory Services Branch, Ontario Ministry of Health, Etobicoke, Ontario, Canada; f skin scrapings from
patients with pityriasis versicolor provided by a physician in Hong Kong; g skin scrapings from patients with pityriasis versicolor provided by a
physician in South Africa; h missing information is represented by `Ð'; i strains for which antifungal susceptibility tests were performed on
Leeming±Notman agar; j strains for which antifungal susceptibility tests were performed on both Diagnostic Sensitivity Testing medium and
Leeming±Notman agar medium.
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result, the genus has been enlarged taxonomically to

include seven species comprising the three former
species and four additional species, M. globosa, M.

obtusa, M. restricta and M. slooffiae. Four recently

described species of Malassezia, which are significantly
different in their physiological and biochemical features

from the three previously described species,23,26,27 may

also differ in their responses to antifungal therapy.
Recently, in vitro antifungal susceptibility testing of

yeasts has been standardized using RPMI-1640 based

macro- and microdilution methods (NCCLS-M27A28).
However, the standardized RPMI-1640 medium does

not support growth of the Malassezia yeast cells because

it lacks the specific lipids they require. A number of
previous studies used both agar- and broth-dilution

approaches to investigate in vitro susceptibility of M.

furfur and M. pachydermatis isolates to several azole
antifungal compounds such as bifonazole,29±31 clim-

bazole,30 clotrimazole,30,31 ketoconazole,30,31 micona-

zole,31 flutrimazole31 and sertaconazole.31,32 Recently,
Leeming et al.33 reported on the susceptibility of

Malassezia species to terbinafine. To our knowledge,
the present study is the first to investigate and compare

the interspecies variations in in vitro antifungal

susceptibility of the seven currently recognized Malas-
sezia species to ketoconazole, itraconazole, terbinafine

and the new antifungal compound voriconazole.

Materials and methods

Samples and growth conditions

Fifty-five strains of Malassezia representing seven

species were examined for their in vitro susceptibility
to ketoconazole, voriconazole, itraconazole and terbi-

nafine. Table 1 summarizes the information about the

source, origin/location and original substrate of all the
strains used in this study. Thirty-six strains were

obtained from clinical specimens sent to Toronto Public

Health Laboratory for isolation or identification.
Identification of different Malassezia species was done

on the basis of macro- and microscopic features as well

as physiological characteristics as described by GueÂho
et al.22 and Guillot et al.27 Strains of M. furfur, M.

sympodialis and M. slooffiae were cultured and main-

tained on modified (supplemented with 2´5 mL/L
glycerol) Diagnostic Sensitivity Testing (DST;29 Oxoid,

U.K.) agar medium at 358C. This modified DST medium

was not suitable for three recently described fastidious
species, M. globosa, M. obtusa and M. restricta, which

were cultured and maintained on Leeming±Notman34

agar (LNA) medium at 328C. M. pachydermatis, which

lacks the other species' requirement for exogenous
lipids, was maintained on plain Sabouraud agar

medium at 358C. Some strains of M. furfur, M.

sympodialis and M. slooffiae were also maintained on
LNA for comparative studies (see below). Drug testing

for each species was performed on the same medium on

which it was stored.

Drug dilution

Voriconazole was generously supplied by the Central

Research Division, Pfizer Pharmaceutical Inc., Groton,
CT, U.S.A. Voriconazole stock solution was prepared in

dimethyl sulphoxide (DMSO; Sigma, St Louis, MO,

U.S.A.) at a final concentration of 5120 mg/mL.
Ketoconazole and itraconazole were kindly provided

by Janssen Pharmaceuticals Corporation (North York,

Ontario, Canada). Ketoconazole stock solution was
prepared in DMSO at 5120 mg/mL and itraconazole

stock was prepared in polyethylene glycol (PEG-200;

Sigma). Terbinafine was generously supplied by Novar-
tis Canada Inc. (Dorval, Quebec, Canada). Terbinafine

stock solution was prepared in sterile double-distilled

water at 5120 mg/mL. All drug stocks were stored in
the dark at 2708C. Drug dilutions were initially made

in 100 mL of DST, Leeming±Notman or Sabouraud

broth with doubling dilution concentrations ranging
from 0´3 to 640 mg/mL. To each diluted drug solution,

900 mL of melted agar was added (the agar medium

added was the same type as the broth), resulting in
the final test concentrations ranging from 0´03 to

64´0 mg/mL.

Yeast inoculation

Malassezia yeast suspensions were prepared in broth.

The type of broth used for each strain corresponded to

the growth medium, as described above. The broth
medium was used only to prepare yeast suspensions for

inoculation; all isolates prior to inoculation were grown

and maintained on agar media as indicated previously.
Yeast concentrations were adjusted to 1 � 104 cells/mL.

Fifty microlitres of the yeast suspension were inoculated

on to the surface of each agar medium. Incubation was
carried out in the dark at 358C for M. furfur, M.

sympodialis, M. slooffiae and M. pachydermatis and at

328C for M. globosa, M. obtusa and M. restricta.
Midgley35 recommended the latter temperature for

optimal growth of these three species. A drug-free
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positive growth control was set up for each strain on

the appropriate medium.

Criteria for determining minimum inhibitory
concentrations

For ketoconazole, voriconazole and itraconazole, all

azole antifungals potentially generating trailing end-

points, an 80% growth inhibition standard was used as
recommended by Galigiani et al.28 for reading and

interpretation of minimum inhibitory concentration

(MIC) results: the MIC80. For terbinafine, an allylamine
antifungal with a sharply defined end-point, the MIC

was read as the lowest drug concentration that

prevented any discernible growth.
Growth of each strain on various concentrations of

all four drugs was recorded every 24 h for 7 days and

the final MIC reading was recorded at day 7 after
inoculation. The degree of yeast growth was always

determined in comparison with growth in the drug-free

control according to the following scale: 0 growth, no

visible yeast colony on the agar medium; 1 + growth,
25% growth in comparison with control; 2 + growth,

50% of control growth; 3 + growth, 75% of control

growth; and 4 + growth, growth similar to that of the
control.

Comparative testing of MICs on DST and LNA media

was also performed. To test for reproducibility of MICs
on different media, in vitro antifungal susceptibility was

performed for five strains on both media and against all

four drugs. These five strains belonged to three species,
M. furfur (two), M. sympodialis (two) and M. slooffiae

(one). All the strains grew well on both DST and LNA

media. Yeast suspensions were prepared and MICs were
determined as described earlier.

Results

The final MIC values, at 7 days postinoculation, of the

seven Malassezia species against the four drugs, are

Table 2. Minimum inhibitory concentrations (MICsa) of ketoconazole, voriconazole, itraconazole and terbinafine to seven Malassezia species

Malassezia spp. No. strains Ketoconazole (mg/mL) Voriconazole (mg/mL) Itraconazole (mg/mL) Terbinafine (mg/mL)

M. furfur 20 # 0�´03b (18)c # 0�´03 (16) # 0�´03 (19) # 0�´03 (3)

0´125 (2) 0´06 (3)
0´125 (1)

0�´125 (1) 0�´5 (1)
1´0 (1)

4´0 (2)

8´0 (4)

16´0 (7)
32´0 (2)

M. sympodialis 10 # 0�´03 (10) # 0�´03 (9)

0´125 (1)

# 0�´03 (10) # 0�´03 (7)

0´125 (1)
0´25 (2)

M. slooffiae 7 # 0�´03 (7) # 0�´03 (6)
0´25 (1)

# 0�´03 (7) # 0�´03 (3)
0´125 (1)

2´0 (2)

8´0 (1)

M. globosa 7 # 0�´03 (6) # 0�´03 (7) # 0�´03 (5) 0�´06 (2)

0´125 (1) 0�´06 (1)

0´125 (1)

0�´25 (1)

4´0 (1)

8´0 (2)
16´0 (1)

M. restricta 4 # 0�´03 (4) # 0�´03 (4) # 0�´03 (4) 0�´06 (2)

0´5 (1)
4´0 (1)

M. pachydermatis 4 # 0�´03 (4) # 0�´03 (1)
0´125(1)

0´25 (1)

Not tested (1)

# 0�´03 (4) # 0�´03 (4)

M. obtusa 3 # 0�´03 (3) # 0�´03 (1)

Not tested (2)

# 0�´03 (3) 0�´125 (1)

16´0 (1)

64´0 (1)

a All the MIC values were recorded after 7 days of incubation. For ketoconazole, voriconazole and itraconazole, the MIC values were interpreted on

the basis of 80% growth inhibition standard;28 for terbinafine, the MIC values were read as the lowest drug concentration that prevented any

discernible growth. b MIC value # 0´03 mg/mL represents no growth observed at the lowest concentration of the drug tested, i.e. 0´03 mg/mL;
c numbers in parentheses represent number of strains of a particular species with indicated MIC value.
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presented in Table 2. Starting from 48 h postinocula-
tion, as the yeast colonies began to mature and MICs

were apparent, variations in antifungal susceptibility

among Malassezia species began to emerge. The data
suggest (not shown) that the minimum incubation time

for reading an agar-based sensitivity test for different

Malassezia species varies and is directly proportional to
their rate of growth on specific media. For M. furfur, M.

sympodialis, M. slooffiae and M. pachydermatis, MIC

values could be determined as early as day 2 (i.e. 48 h),
whereas for M. globosa, M. obtusa and M. restricta, the

MIC values could not be determined until day 5 (i.e.

120 h). In general, most Malassezia strains were very
susceptible to ketoconazole, voriconazole and itracona-

zole, with MIC80 values of # 0´03 mg/mL (Table 2).
Among the three azole drugs, strains of all Malassezia

species were most sensitive to ketoconazole and

itraconazole, with MICs ranging from # 0´03 to
0´125 mg/mL (Table 2). For both ketoconazole and

itraconazole, 95% of strains had an MIC80 value of

# 0´03 mg/mL. The new antifungal, voriconazole, was
also very effective, with MIC80 values of # 0´03 mg/mL

for most strains (80%, Table 2). MIC values of

terbinafine against Malassezia species ranged from
# 0´03 to 64´0 mg/mL. Strains of M. sympodialis, M.

slooffiae, M. pachydermatis and M. restricta were more

sensitive to terbinafine than those of M. furfur, M.
globosa and M. obtusa. Strains of M. furfur demonstrated

a gradient of responses to terbinafine, with some strains

(three of 20) having a MIC value of # 0´03 mg/mL and
most strains (15 of 20) having a MIC value of 4´0 mg/mL

or higher (Table 2). MIC tests showed good reproduci-

bility in separate runs for all species and drugs.
Table 3 shows the MIC readings for five Malassezia

strains, belonging to three species, on DST and LNA

media. MIC values for all strains against three azole
drugs and terbinafine were very comparable and

within the two-dilution range, accepted under NCCLS

standards.28 Only one M. furfur strain (98F 5399)
showed a three-dilution difference in MIC with

ketoconazole (Table 3). While the MIC values were

comparable for each strain on the two different media,
the actual growth of these strains was substantially

slower on DST medium in comparison with their

growth on LNA medium.

Discussion

This study shows that the seven currently recognized

Malassezia species vary in their in vitro susceptibility

to ketoconazole, voriconazole, itraconazole and
terbinafine.

For valid testing of susceptibility in vitro, the culture
medium must be nutritionally adequate and also free of

antagonists to the drugs under study.36 The standard

RPMI-1640 synthetic medium for in vitro antifungal
susceptibility testing of yeasts28 does not support the

growth of lipophilic Malassezia species. The modified

DST,29 LNA34 and Sabouraud agar media used for
susceptibility testing in this study supported good

growth of the Malassezia species. The last two media

named, however, are undefined media which include
complex organic materials. Hoeprich and Huston37

studied the effect of culture media on antifungal

activity and reported that miconazole was antagonized
by two complex, undefined media but not by the two

synthetic media tested. They suggested that prolonga-

tion of the lag phase of growth by the antifungal
imidazoles might correlate with accumulation of

pyrimidines and purines in the undefined culture

media. On the other hand, Swamy et al.38 suggested
that in synthetic culture medium, divalent metal ions,

such as Ca2+ and Mg2+, may compete with the

imidazole drug miconazole for binding sites, thereby
reducing the effective concentration of drug to exert its

effects. Ketoconazole is the only imidazole included in

Table 3. Comparative minimum inhibitory concentrations (MICs) for representatives of three Malassezia species on two different media used in
this study

MICs (mg/mL) on DST/LNA mediuma

Strain no. Species Ketoconazole Voriconazole Itraconazole Terbinafine

CBS 1878 M. furfur # 0�´03/0´06 # 0�´03/0´125 # 0�´03/ , 0´03 16�´0/16´0
98F 5399 M. furfur 0�´25/# 0´03 NTb/0´06 0�´125/0´125 32�´0/32´0

98F 8139 M. sympodialis # 0�´03/# 0´03 # 0�´03/# 0´03 # 0�´03/# 0´03 # 0�´03/0´125

JF 05 M. sympodialis # 0�´03/# 0´03 # 0�´03/# 0´03 # 0�´03/# 0´03 0�´125/0´125

TV1 M. slooffiae # 0�´03/# 0´03 # 0�´03/# 0´03 # 0�´03/# 0´03 4�´0/2´0

a DST, Diagnostic Sensitivity Testing medium and LNA, Leeming±Notman agar medium were the two media used for growth of lipophilic

Malassezia yeasts in this study; b NT, not tested; a susceptibility test for the strain 98F 5399 was not done against the antifungal agent

voriconazole.
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the present study. Neither category of antagonizing

effects is known for the triazoles, such as voriconazole
and itraconazole, or terbinafine.

In this study, the modified DST medium was first

chosen for in vitro susceptibility testing of Malassezia
species because of its defined composition. However, as

M. restricta, M. obtusa and M. globosa grew poorly on

this medium, the undefined LNA, with homogenized
pasteurized cow's milk as a lipid supplement, was

substituted. That this substitution did not generate a

significant problem with drug antagonism in the
medium is suggested by two factors. One is that, in a

control experiment designed to detect any drug

antagonism, similar MIC values were observed in a
test comparing the defined modified DST and the

undefined LNA media for five control strains, from

three Malassezia species, that grew well on both media.
The other factor is that MIC values were very low for

nearly all isolates and drugs on the DST and LNA

media, indicating that drug antagonism was either
absent or at least below the threshold of possible

detection. The same consideration applies to the
Sabouraud agar used to test M. pachydermatis.

The MIC data for the three azole drugs tested in this

study are comparable with those reported in previous
studies of several azole antifungal compounds.30,31,39

Our MIC data for susceptibility of strains of M. furfur to

ketoconazole are most compatible with those reported
by Schmidt and RuÈ hl-HoÈrster.30 These authors used a

microdilution test system in modified Leeming±Notman

medium to measure MICs of 30 strains of M. furfur
against four azole compounds. The lowest concentra-

tion of ketoconazole tested by Schmidt and RuÈ hl-

HoÈrster was 0´06 mg/mL, with 29 of 30 strains having
an MIC80 of # 0´06 mg/mL. In this study, we observed

that 95% (52 of 55) of strains tested for susceptibility to

ketoconazole had an MIC80 of # 0´03 mg/mL. Van
Gerven and Odds31 studied in vitro activity of six

imidazole antifungal agents against 26 isolates of

Malassezia species and reported that ketoconazole was
a more potent inhibitor of the species compared with

other topical antifungal agents of its class. Faergemann

and Borgers39 found that ketoconazole and itracona-
zole at concentrations of 1´0 mg/mL were effective in

blocking the production of hyphae on human skin. The

current study also demonstrates that strains of all
seven Malassezia species were very susceptible to

voriconazole, ketoconazole and itraconazole. However,

within the very susceptible range, variations were
observed in the susceptibility of M. furfur, M. pachy-

dermatis, M. sympodialis and M. slooffiae strains to

voriconazole, with MICs ranging from # 0´03 to

0´25 mg/mL.
In contrast to the three azoles, terbinafine is an

allylamine with a primarily fungicidal action in vitro

against a broad range of dermatophyte, filamentous,
dimorphic fungi and some yeast species.40 Variations in

susceptibility among the Malassezia species to terbina-

fine were greater compared with the azole drugs.
Susceptibility results of the Malassezia species to

terbinafine reported here are similar to those of

Leeming et al.33 who used LNA to test susceptibility of
five Malassezia species to terbinafine. Leeming et al.33

tested 10 strains each of M. globosa and M. restricta and

observed MIC values ranging from 0´25 to 4´0 mg/mL
for the former and 0´06±1´0 mg/mL for the latter. Our

MIC readings of 0´06±16´0 mg/mL for seven strains of

M. globosa and 0´06±4´0 mg/mL for four strains of M.
restricta are in keeping with these results under the

acceptable range set by NCCLS standards.28 We also

similarly observed that M. furfur varies in susceptibility
to terbinafine but that many isolates show relatively

high MICs, up to 32´0 mg/mL. MICs of terbinafine
against M. slooffiae strains ranged from # 0´03 to

8´0 mg/mL. Leeming et al.33 presented combined data

for M. furfur and M. slooffiae, thereby preventing
distinction between the MICs for the two species to

terbinafine. M. sympodialis was uniformly highly

susceptible to terbinafine, with no isolate having an
MIC higher than 0´25 mg/mL.

Although Malassezia species show differences in their

antifungal susceptibility in vitro, the in vivo efficacy of
these antifungal agents needs to be further evaluated

by correlation between in vitro MICs and clinical

outcomes. Furthermore, the route of administration,
i.e. topical vs. oral, may also affect the efficacy of drugs

in the treatment of pityriasis versicolor.41±43 While

topical treatment may be sufficient to kill all super-
ficially located Malassezia yeasts, such a treatment

might result in an uneven distribution of the drug in

the dermis, epidermis, sebum, stratum corneum44 and
deeper layers of skin such as pilosebaceous follicles.33

With oral therapy, however, the drug would be more

evenly distributed in the pilosebaceous follicles and
skin-surface lipids, but if concentrations were marginal,

they would only be effective against the most susceptible

Malassezia strains.33

The differences observed in the in vitro susceptibility

of Malassezia species to commonly used antifungal

agents warrant the need for reiterating the relevance of
Malassezia species in skin diseases. The most commonly

occurring infection due to Malassezia species in humans
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is pityriasis (tinea) versicolor. It was initially thought

that this superficial fungal infection was caused by a
single species of Malassezia, but later genetic analysis

suggested that several species of lipophilic yeasts may

exist.22±27,45 It has now been demonstrated that
pityriasis versicolor may be associated with six of the

seven species of Malassezia, M. furfur, M. sympodialis, M.

slooffiae, M. globosa, M. obtusa and M. restricta.25 In one
North American study, M. sympodialis, M. globosa and

M. furfur were much more likely to be associated with

pityriasis versicolor compared with M. restricta (unpub-
lished data). Furthermore, in some instances more than

one Malassezia species may be isolated from a patient

with pityriasis versicolor (unpublished data). Other
disease states such as adult-type seborrhoeic dermatitis

may also be associated with Malassezia yeasts.45 In

seborrhoeic dermatitis also, more than one Malassezia
species has been isolated (unpublished data). It is

therefore important to be aware that the seven species

of Malassezia may exhibit differences in in vitro
sensitivity to antimycotic agents. The data may help

explain the differences in mycological cure rates when
an antifungal agent is used to treat what appears to be

clinically the same disease state, e.g. pityriasis versicolor.

In reporting that Malassezia species vary in their in
vitro antifungal susceptibility, we do not intend to imply

that clinical laboratories need to conduct routine

in vitro susceptibility studies on Malassezia species.
However, it is important to be aware that the genus

Malassezia comprises a heterogeneous group of species,

which may vary in their susceptibility to different
antifungal agents. Over time, as our understanding of

the epidemiology of the seven species of Malassezia

improves, we may have the option, where appropriate,
of targeting our choice of antifungal agent depending

upon the species that is causing the Malassezia infection

in the patient.
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