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Summary

The strict nutritional requirements of Malassezia species make it difficult to test the
antifungal susceptibility. Treatments of the chronic and recurrent infections associ-
ated with Malassezia spp. are usually ineffective. The objective of this study was to
obtain in vitro susceptibility profile of 76 clinical isolates of Malassezia species against
16 antifungal drugs used for topical or systemic treatment. Isolates were identified
by restriction fragment length polymorphism. Minimal inhibitory concentrations
(MIC) were obtained by a modified microdilution method based on the Clinical Labo-
ratory Standards Institute reference document M27-A3. The modifications allowed a
good growth of all tested species. High in vitro antifungal activity of most tested
drugs was observed, especially triazole derivatives, except for fluconazole which pre-
sented the highest MICs and widest range of concentrations. Ketoconazole and itrac-
onazole demonstrated a great activity. Higher MICs values were obtained with
Malassezia furfur indicating a low susceptibility to most of the antifungal agents
tested. Malassezia sympodialis and Malassezia pachydermatis were found to be more-
susceptible species than M. furfur, Malassezia globosa, Malassezia slooffiae and Malas-
sezia restricta. Topical substances were also active but provide higher MICs than the
compounds for systemic use. The differences observed in the antifungals activity and
interspecies variability demonstrated the importance to studying the susceptibility
profile of each species to obtain reliable information for defining an effective treat-
ment regimen.
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Introduction

the normal microbiota of skin in humans and warm-
blooded animals.*” Under some predisposing factors,

During the last decades, Malassezia taxonomy has
undergone a great transformation to its expansion to
the 14 species known today.'™ Species of the Mala-
ssezia genus are lipophilic yeast which are present in
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these yeast can act as opportunistic pathogens produc-
ing superficial and systemic infections in humans and
other animals.>>'° Malassezia yeast cause pytiriasis
versicolor and can be related as an associated agent or
a contributory factor in other dermatological entities
such as seborrhoeic dermatitis, atopic dermatitis, se-
borrhoeic blepharitis, folliculitis, confluent and reticu-
lated papillomatosis of Gougerot-Carteaud, etc.>*5!!
In addition, Malassezia species have been associated
with deep seated infections such as pneumonia, cathe-
ter-related fungemia with lipid parenteral administra-
tion and also peritonitis in dialysed patients.>™>”
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Veterinary infections by Malassezia are also well docu-
mented in superficial dermatitis and otitis in cats and
dogs.210-12-14

Treatments tend to be ineffective due to the chronic
and recurrent nature of infections associated with Mal-
assezia. Usually treatments are simultaneously oral
and topical but not always with good outcome. In
addition, Malassezia-related systemic infections are
reported to be increasing in the last few years.>*1°
All these facts emphasise the importance of the knowl-
edge of in vitro susceptibility profiles of the species of
this genus. This information can be used in clinical
practice to establish a treatment regimen and also for
adequate monitoring of the patient’s clinical evalua-
tion. Currently, the treatments do not follow a particu-
lar schema and multiple antifungal drugs for oral and
topical therapies are used.

The purpose of this study was to obtain the in vitro
antifungal susceptibility profile of the clinical isolates
of Malassezia species against 16 drugs used for topical
or systemic treatment by a microdilution method.

Materials and methods

We studied the in vitro susceptibility of 76 clinical iso-
lates of Malassezia spp., including Malassezia globosa
(M. globosa) (n = 29), M. furfur (n = 20), M. sympodia-
lis (n=18), M. slooffiae (n=2) and M. restricta
(n=1) isolated from pytiriasis versicolor lesions. In
addition, M. pachydermatis (n = 6) obtained from otitis
lesions in dogs.

The employed strains were molecularly identified
and characterised in previous studies by restriction
fragment length polymorphism analysis (RFLP).'17

Malassezia yeast isolates were grown on modified
Dixon's medium at 32 °C for 5 days.'®

CBS 7019 M. furfur, CBS 7705 M. globosa, CBS
7991 M. restricta, CBS 7222 M. sympodialis, CBS 7956
M. slooffiae, CBS 10533 M. pachydermatis, CBS 9169
M. dermatis, CBS 9558 M. nana, CBS 9432 M. japonica,
CBS 9725 M. yamatoensis, CBS 7876 M. obtusa, were
included as reference strains.

Minimal inhibitory concentrations (MIC) were
obtained by following a modified CLSI (Clinical Labora-
tory Standards Institute) M27-A3 microdilution
method.*®

Antifungal drugs as pure compounds were used:
selenium sulphide (Se), zinc pyrithione (ZnP), amorol-
fine (AMR), miconazole (MCN), ciclopiroxolamine
(CIC), tioconazole (TCZ), ketoconazole (KTC), bifonaz-
ole (BFN), clotrimazole (CLT), terbinafine (TRB), voric-
onazole (VRC), posaconazole (PSC), albaconazole
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(ABC), ravuconazole (RVC), itraconazole (ITC) and
fluconazole (FLC). All the drugs were procured from
Sigma Aldrich Quimica™, Madrid, Spain.

Antifungal drugs dilutions were prepared by the
microdilution method as mentioned in document CLSI
M27-A3."" Drug concentrations ranged between
0.016 and 16 pg ml™" were used for all the sub-
stances, except for FLC (0.25-256 pg ml Y.

Modifications to adapt the CLSI microdilution
method M27-A3 to favour the development of lipid-
dependent Malassezia spp. were made. The Malassezia-
adapted versions included: (1) use of RPMI 1640
supplemented ox-bile (0.5%) (Sigma Aldrich) as cul-
ture medium, (2) microplates (96 flat-bottomed wells
Corning™, Corning Incorporated, New York, USA)
incubated at 32 °C for 72 h, (3) inocula suspensions
in saline solution with Tween® 20 (Oxoid, Saint Louis,
MO, USA) prepared by adjusting the turbidity to a 0.5
McFarland scale and further diluted to get a final inoc-
ulum density of 2 x 10°-4 x 10° CFU ml 192!
Inoculated microplates were incubated in humidity
chambers to avoid desiccation. MICs were defined as
the lowest concentration of antifungal drug which
visually inhibited 50% of fungal growth for azole anti-
fungals and 100% for non-azole drugs as compared
with the control wells with no antifungal drug.

Clinical Laboratory Standards Institute quality con-
trol strains (QC) Candida krusei ATCC 6258 and Can-
dida parapsilosis ATCC 22019 were included in this
assay.'?

Data obtained were reported as MIC ranges, MIC at
which 50% (MIC50) and 90% (MIC90) of the isolates
were inhibited. Comparison between antifungal drugs
was carried out by calculating geometric mean MICs
and applying Student’s t-test (P < 0.05).

Results and discussion

Despite the fact that broth microdilution method rec-
ommended by CLSI is accepted as a standard protocol
to study Candida spp. and Cryptococcus neoformans sus-
ceptibility,’® the Malassezia-adapted versions used in
this study allowed a good growth of this lipophilic
yeast and showed good reproducibility for all the spe-
cies and drugs tested.

To determine the end point, uniform incubation
time of 72 h was not sufficient for all the species
tested. As M. globosa and M. restricta are slow grow-
ing, they required more incubation time before reading
the results. The end point was read at a different time
interval for these species including extended time to
5 days.
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To study the in vitro Malassezia species susceptibility
to certain antifungals, different diffusion and dilution
methods with a variation in the culture media compo-
sition have been tried with the purpose to enable the
growth of these lipo-dependant yeasts.>®2° Different
MICs values had been shown using the same clinical
isolates with different experimental variables.?>2%27

Although the experimental modifications used for
susceptibility testing in this study were in agreement
with those described by other authors, comparison of
data was difficult due to the recent expansion of the
genus in new species by PCR methods.?!-226-28:29
Results from previous studies which did not employ
molecular methods may correspond to false identifica-
tion of the species. Gupta et al. [30] showed a misiden-
tification rate of 13.8%.

Similar to other previous findings, our results also
showed a higher in vitro antifungal activity for most
tested drugs against all clinical isolates of Malassezia
species (Table 1), especially with triazole derivatives
(ITC, VRC, ABC, RVC and PSC) without showing any
significant  differences.?***2?° However, FLC showed
significantly high MICs with a wide range of concen-
trations (Table 1). The lower antifungal activity of FLC
observed was in agreement with previous studies that
used different culture media composition.>%2%2°

In this study, MICs values obtained for ABC, KTC,
VRC and ITC were considerably lower in comparison
with those obtained with different experimental
conditions using other culture media such as Leeming-
Notman medium agar and modified Christensen'’s
urea,20-26:29.31.32

The geometric MIC of KTC ranged from 0.01 to
0.06 pug ml™* for all species tested. This higher activity
of KTC observed in this study has been reported by
various authors in different studies.?**!2%2932 KTC is
probably the most extensively tested azole compound
that has shown good in vitro activity and hence can
be a good choice for the topical treatment of Mala-
ssezia-related conditions.

In contrast with other studies, our results have
described a higher in vitro activity values for MCN,
CLT, BEN and TCZ.>*3? Relatively fewer studies have
examined the antifungal activity of azole derivates that
can be formulated for topical use. Compared with
triazole derivatives and imidazoles, these drugs for top-
ical use were less active (Table 1). MICs values
obtained for AMR and TRB in this study were found
to be lower than those reported in earlier studies.?>**

Schmidt et al. [25] have reported higher mean MICs
values for Se and ZnP (1 pg ml~! for Se and
8 ug ml~! for ZnP, using a Leeming Notman medium)
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Table 1 In vitro antifungal activity (geometric mean, MICsq, MICqo and MIC ranges in pg ml~') of 16 antifungal drugs against 76 clinical isolates of Malassezia spp.

AMR BFN CIC CLT FLN ITC KTC MNC PSC Se ZnP TCZ TRB RVC VRC

ABC

Species

0.03
0.01
0.01
0.01

0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01

0.1

0.87
0.21
0.08

0.28
0.08
0.21

0.02

0,01

1.39
0.21
0.01

0.01

38.05 0.01

0.98
0.24
0.36

0.26
0.24
0.01

04

0.13
0.09
0.01
0.25
0.01
0.04
0.06
0.01

16

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

furfur (n = 20)
a globosa (n = 29)

a

Malassez

Antifungal activity against Malassezia species

0.1

0.05
0.02
0.06
0.03

0.02
0.02

8.94 0.02
1.2 0.

128

0.07
0.05

0.5

Malassez

0.01
0.5

0.01
0.01
0.01
0.01
0.01
0.01
0.13
0.01
0.01

=6)

ja pachydermatis (n
ja restricta (n

Malassez|

0.02
0.02
0.02
0.01

3.03
0.06
0.13
0.01

16

1.32
0.08
0.21
0.01

0.14
0.05
0.1

0.1

0.03
0.12
0.01

16

0.03
0.01

16

0.01
16

)

2)

Malassezi

5.86
29
7.4
0.25

256

6.06
0.11

0.14
0.05
0.13
0.01

16

0.76
0.05

0.1

ja slooffiae (n

Malassez|

18)

Malassezia sympodialis (n

0.33
0.01

16

c mean (n = 76)

Minimal MIC (n

Geometr|

0.01
16

=76)

0.25
0.01

0.13
0.01
0.01

0.13
0.01

0.

0.06
0.01
0.01

Maximal MIC (n = 76)

MICsq (n = 76)

0.01 0.01

0.5

0.5

0.03

0.01

0.01

32
256

0.13 0.01

0.01

0.13

0.06

0.03

MIC90 (n = 76)

ABC, albaconazole; MR, amorolfine; BFN, bifonazole; CIC, ciclopiroxolamine; CLT, clotrimazole; FLC, fluconazole, ITC, itraconazole; KTC, ketoconazole; MNC, miconazole; PSC, posa-

conazole, Se, selenium sulphide; ZnP, zinc pyritione; TCZ, tioconazole; TRB, terbinafine; RVC, ravuconazole; VRC, voriconazole.
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than those observed in this study (Table 1).Interest-
ingly, our susceptibility pattern for Se and ZnP was
similar to that described by Van Cutsem et al. [33],
where they have demonstrated a good in vitro anti-
fungal activity in Dixon and Sabouraud culture media.

Triazole derivatives ITC, VRC, ABC, RVC and PSC
offered a similar and uniform in vitro activity pattern
against the different Malassezia species tested. The only
exception was FLC that was found to be less active
against M. furfur, M globosa, M slooffiae and M. re-
stricta. Lower MICs were also observed for M. sympodi-
alis and M. pachydermatis (Table 1).

Malassezia furfur, M. globosa and M. sympodialis are
the species that are most frequently described world-
wide in dermal conditions related to Malassezia. In our
study, M. furfur was the species with higher MICs val-
ues indicating a lower susceptibility to the most of
antifungal agents tested (Table 1). These values are
lower than those published by Van Gerven et al. [32],
who reported geometric MIC values of 0.51 pg ml !
for KTC; 8.1 ug ml™! for BEN; 14 pg ml~' for MCN
and 15 pg ml! for CLT.

Lower MICs values were also observed for M. pachy-
dermatis with all the antifungals tested. Our results
were lower than those obtained with MCN and CLT by
Peano et al. [34] under similar experimental condi-
tions. In contrast, Cafarchia et al. [35] reported clinical
isolates of M. pachydermatis from animal samples with
a high susceptibility to ITC, KTC, PSC but resistant to
TRB, FLC and MCN at the same time. Few previous
studies have also reported azolic cross resistance in M.
pachydermatis isolates.?” 336

Although Malassezia species show differences in
their in vitro antifungal susceptibility, the in vivo effi-
cacy needs to be further evaluated to obtain the corre-
lation between in vitro MICs and the clinical outcomes.

In conclusion

With the exception of FLC, all the triazole derivatives
tested showed clearly a high in vitro antifungal activity
against all Malassezia species studied. These drugs
could be a good option for the systemic management
of Malassezia infections, mainly in those extended,
severe or recurrent forms.

Although FLC is one of the most commonly used
antifungal agent worldwide, our results showed higher
MICs for FLC than other molecules. In addition, FLC
was the antifungal agent that showed more variability
between the species.

Ketoconazole and ITC proved being the antifungals
with best in vitro activity against all Malassezia species
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tested. ITC is currently used worldwide as an oral anti-
fungal agent and KTC has been reported as optimal
for the topical management of Malassezia infections in
human and veterinary clinical practice.

Topical alternative substances, such as BFN, CLT,
MCN, Se and ZnP used for the treatment and prophy-
lactic purposes in dermatological problems, were also
active in vitro but provides higher MICs values than
the majority of azole derivates.

Diverse antifungal profiles and interspecies variabil-
ity observed necessitates the development of in vitro
tests to know the susceptibility profile of each species
to obtain reliable information for the development a
treatment that can be efficient.
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