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ABSTRACT
Malassezia are lipophilic and commensal yeasts capable of inducing skin disease among susceptible hosts. However, severely immunocompromised patients and preterm infants admitted to intensive care units are particularly
at risk of developing Malassezia systemic infections. Patients often have central venous catheters which are usually the portal of entry for colonization and infection. In addition to the clinically non-specific findings, a delay in
the laboratorial diagnosis may occur as there is often the need to add lipid supplementation to culture in order to
support these organisms’ growth. Herein, we report three unrelated cases of Malassezia bloodstream infection at
a university hospital during a 2-year period, followed by a discussion of the clinical results and comparison with
the most recently available published data on epidemiology and risk factors, pathogenesis, diagnosis, susceptibility profile and treatment.
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INTRODUCTION
Malassezia are lipophilic yeast inhabitants of the skin microbiome,
and are most often implicated in a variety of skin diseases, namely
pityriasis versicolor, Malassezia folliculitis, seborrheic dermatitis,
atopic dermatitis and psoriasis.1–3 Apart from Malasseziarelated skin diseases, these organisms have been increasingly
reported as fungi capable of causing severe systemic infections, especially among premature neonates and immunocompromised patients.4
Several topical and systemic antifungal drugs are commonly used against Malassezia-related skin disorders.5–7
Because disease relapses are often found, a trend towards
long-term prescription of antifungals is increasingly reported
and maintenance therapy is often encouraged in clinical
guidelines.8 Hitherto, questions about the hypothetical selection of resistant clones should be raised in this setting,
especially regarding azole drugs, which are most often used
as the first-line empiric choice in the treatment and prophylaxis of fungemia.9,10
This manuscript aims to describe three cases of Malassezia
bloodstream infections diagnosed at a Portuguese university,
tertiary care hospital during a 2-year period and to review the
recently published work on epidemiology and risk factors,
pathogenesis, diagnosis, susceptibility profile and treatment of
these infections.

METHODS
A Medline (PubMed) search of the articles published during the
last 10 years in English was performed using the keywords
“Malassezia”, “bloodstream infection”, “fungemia”, “pityriasis
versicolor”, “epidemiology”, “pathogenesis”, “neonates”, “immune suppression” and “antifungal therapy”. The reference
lists of key articles were then sifted for other relevant papers.
The articles were reviewed concerning in particular the epidemiology and risk factors, pathogenesis, diagnosis, antifungal
susceptibility profile and treatment of Malassezia systemic
infections in critical care and immunosuppressed patients.
Specifically regarding national data about Malassezia systemic
infections, we herein report the epidemiological data available
~o Joa
~o
from the University Hospital Centro Hospitalar de Sa
EPE, Porto, Portugal. The yeasts were first identified by matrixassisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF-MS) performed directly from the blood
culture bottles or blood agar and speciation was confirmed by
sequencing the ITS-1, ITS-2 and IGS-1 regions after amplification by polymerase chain reaction with the primers previously
described by Sugita et al.11 and Gaitanis et al.12

Epidemiology
Malassezia organisms may be inhabitants of the normal human
skin microbiome by 3–6 months of age; Malassezia furfur was
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recovered from the skin in 31.8% of the neonates in a neonatal
medical and surgical unit, but not immediately after birth.13
The non-lipid-dependent species Malassezia pachydermatis
and the lipid-dependent M. furfur have both been reported to
cause systemic infections.14 Risk factors include hematological
malignancies, especially if receiving chemotherapy, and other
immunodeficiency states such as solid organ transplantation,
prolonged glucocorticoid therapy and HIV infection. Interestingly, the majority of such cases occur in patients with central
venous catheters.15,16 In a survey of fungal bloodstream infections in critical care patients with underlying diseases or in preterm infants, M. furfur fungemia was more common (2.1%)
than candidemia (1.4%).17
Outbreaks of Malassezia bloodstream infections have been
rarely described, usually in neonatal intensive care units,
most often afflicting preterm neonates receiving lipid infusions on total parenteral nutrition.18–20 Lipid-containing infusions may thus promote Malassezia colonization of catheters
and subsequent infection.20,21 Additional risk factors for
Malassezia infection may include low birthweight, severe
comorbidities and more than 9 days of arterial catheterization. Notably, in one outbreak health-care workers were carriers of M. pachydermatis, with the yeast being isolated from
their hands and pet dogs.18 More recently, during a neonatal
outbreak distinct Malassezia genotypes were identified by
molecular biology.22
Malassezia furfur bloodstream infections were diagnosed in
three inpatients admitted to the University Hospital, Centro
~o Joa
~o EPE, Porto, Portugal, from January 2013
Hospitalar Sa
until December 2014. Table 1 displays these patients’ clinical
features. One case refers to a 2-year-old female child afflicted
by fever and chronic spine osteomyelitis (no identified causal
agent) and harboring a central venous catheter in which M. furfur was isolated too, apart from blood cultures. There were no
clinical signs of pityriasis versicolor. She was treated with oral
fluconazole and i.v. liposomal amphotericin B with clearance of
blood cultures in 6 weeks. Despite an extensive genetic study
searching for primary immunodeficiencies, there were no significant findings and an autoimmune process against the bsubunit of interleukin-12 was assumed, given the low levels of
this interleukin. After 3 years of follow up, the patient developed widespread pityriasis versicolor. The patient is currently
under immunomodulatory therapy with anakinra, with no recurrence of the systemic infection. The two remaining cases refer
to adult immunosuppressed patients, exhibiting indolent clinical
symptoms and signs of sepsis, being admitted for prolonged
periods at intensive care units and prescribed i.v. fluconazole
prophylaxis for prevention of fungal infection. M. furfur was isolated both in the blood cultures and central venous catheters.
Both patients had lesions of seborrheic dermatitis but not of
pityriasis versicolor. The patients were treated with liposomal
amphotericin B but both had a fatal outcome.

Pathogenesis
The mechanisms of Malassezia pathogenicity remain a matter
of debate. It is known that these commensal yeasts may transform from budding blastoconidia to a pathological mycelial
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phase under certain conditions, which promotes invasion of
the stratum corneum and increasing skin fragility.14
Colonization of the skin with Malassezia species and subsequent extension to central venous catheters appears to be the
major portal of entry for bloodstream infections in neonates;
notably, M. furfur was cultured from the lumen of 32% of
indwelling central venous catheters in a neonatal intensive care
unit.23
Although biofilm formation at the skin surface as a virulence
attribute has never been demonstrated for these yeasts, its formation at the surface of medical indwelling devices has already
been demonstrated for M. pachydermatis24 and M. furfur.25
Additionally, when considering the yeast–host interaction, the
immediate immune response seems to be crucial for the individual susceptibility to skin colonization, which may be the
source for direct or indirect transmission of organisms among
vulnerable patient groups.14

Diagnosis
The diagnosis of Malassezia systemic infections is quite challenging. As most clinical signs and symptoms are non-specific,
an indolent course of a bloodstream infection manifested by
fever of unknown origin is most often found, and the diagnosis
relies mainly on laboratory isolation of the responsible agent.15
Blood culture remains the gold standard for Malassezia isolation, but the lipid-dependent nature of most species implies
the use of lipid supplements in culture media in order to support growth, as well as subculture in lipid-containing agar or
supplementation of the blood culture with palmitic acid. Blood
culture media should be incubated for a prolonged time of up
to 2 weeks.9,26,27 Culture of indwelling medical devices such
as central venous catheters also represent a critical diagnostic
step.27
Modern and reliable speciation requires the adoption of laboratory tools such as molecular biology11,12,28 and MALDITOF-MS.29,30 Although molecular tools can be performed
directly on biological samples, culture is usually performed previously to enable yeast quantification, viability assessment and
eventually antifungal susceptibility testing.31 Culture media
supporting Malassezia growth include modified Dixon, Leeming
and Notman agar, CHROMagar Malassezia, and Sabouraud’s
agar with the addition of sterile olive oil.27,30,32,33 Currently, the
use of MALDI-TOF-MS has been exploited for Malassezia identification,34 although the databases differ regarding the species
and strains included, which may lead to misdiagnosis.30 Furthermore, the non-uniformity in the culture media used may be
another important issue when interpreting the results.30,35

Susceptibility profile and treatment
Therapy of Malassezia bloodstream infections is mainly based
on previous experience and antifungal susceptibility data. Susceptibility testing has not been standardized for these yeasts
and therefore is not performed by routine in many clinical laboratories. The use of broth microdilution and E-test methods
has been reported, but both are still somewhat cumbersome.36–39 More recently, an optimized colorimetric broth
microdilution method has been developed for faster and more
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Table 1. Clinical features of patients with Malassezia furfur systemic infections from January 2013 until December 2014
Sex

Age
(years)

Case 1
Day 113
Pediatric
ward

Female

2

Case 2
Day 22
Intensive
care unit
(infectious
diseases
department)
Case 3
Day 18
Intensive
care unit

Female

Male

Cause of
admission

Antifungal
prophylaxis

Risk factors

Fever of
unknown
origin

CVC
Broad-spectrum
antibiotherapy
Auto-immune disease
(↓ IL-12)
Glucocorticoid therapy

No

68

SIRS

Fluconazole
(50 mg/day)

60

ARDS

CVC
HIV under HAART
Oral epidermoid
carcinoma (surgery;
under RT and CHT)
Miliary tuberculosis
under AT treatment
CVC
HIV under HAART
Hodgkin’s disease
under CHT

Fluconazole
(50 mg/day)

Treatment

Outcome

CVC removal
Fluconazole
(10 mg/kg per
day)
l-AMB (3 mg/kg
per day) For
50 days
CVC removal
l-AMB (5 mg/kg
per day)

No-recurrence
Pityriasis
versicolor
(3 years after)

CVC removal
l-AMB (5 mg/kg
per day)

Death 3 days
after the
diagnosis

Death 15 days
after the
diagnosis

ARDS, acute respiratory distress syndrome; AT, antituberculosis; CHT, chemotherapy; CVC, central venous catheter; HAART, highly active antiretroviral therapy; IL, interleukin; l-AMB, amphotericin B liposomal; RT, radiotherapy; SIRS, systemic inflammatory response syndrome.

efficient profiling of antifungal susceptibility of Malassezia isolates.7 According to available data, Malassezia organisms
exhibited conflicting results regarding susceptibility testing to
amphotericin B: M. pachydermatis being inhibited by low concentrations of amphotericin B (≤1 lg/mL);39 and M. furfur and
Malassezia globosa requiring high amphotericin B minimal inhibitory concentration (MIC) values.36 More often, reports
described high MIC and wide MIC ranges depending on the
strains
tested.5,7,37,38
Regarding
azoles,
itraconazole,
posaconazole and voriconazole seem to be very active,
in vitro, against Malassezia;5,7,37,38 conversely, fluconazole and
ketoconazole exhibited a more inconsistent activity against
these yeasts. The highest MIC values and widest MIC ranges
were often observed with fluconazole,7,37 particularly when
M. furfur isolates had been recovered from bloodstream infections in patients under fluconazole prophylaxis.5 In a recent
study,7 ketoconazole exhibited low MIC values for most strains
but very high MIC values for a few strains. Echinocandins and
flucytosine do not seem to be effective against Malassezia isolates.7,20
Irrespective of the in vitro results, amphotericin B is most
often used empirically for the management of Malassezia
bloodstream infections, based solely on clinical evidence.9,17
The lipophilic nature of this yeast may support the better
in vitro antifungal activity of lipid-based formulations of amphotericin B compared with deoxycholate amphotericin B.10
Itraconazole, posaconazole or voriconazole may represent a
valid alternative option based on the above-mentioned in vitro
studies. Fluconazole is frequently used for fungal infection prophylaxis and most of the patients who develop Malassezia
bloodstream infections were previously under fluconazole,5
which stresses the need to use a distinct antifungal drug for
treatment.
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In case of central venous catheter-related Malassezia bloodstream infections, catheter removal, discontinuation of lipid
infusion (if applied) and prompt initiation of systemic antifungal
treatment is usually performed.9,15,16 Although simple removal
of central venous catheters may be enough to abort the progression of the infection, clinicians invariably prescribe systemic antifungal therapy in such instances.

DISCUSSION
Concerning the causative species, the presented data on
Malassezia bloodstream infection isolates are in accordance
with the findings of previous epidemiological surveys, unveiling
M. furfur as the most common culprit agent.5,17,40 The occurrence of three cases of confirmed M. furfur bloodstream infection in a tertiary care hospital during a 2-year period is
consistent with the reported low prevalence of these invasive
infections, usually confined to severely immunocompromised
hosts.9 Concerning diagnostic accuracy, there is a need to
emphasize that the number of positive cases could be underestimated, because a keen clinical acumen is crucial to suspect these potential agents of fungemia in the appropriate
clinical scenario, and in particular to provide optimal Malassezia recovery conditions from blood cultures and medical
indwelling devices given the special lipid requirements (which
are not provided in daily routine).27
The three unrelated cases herein reported all refer to
patients with central venous catheters confirming the importance of this portal of entry,40 which were removed early and
afterwards replaced. No neonatal cases were found, neither
cases associated with lipid infusion and/or total parenteral
nutrition. An important issue involving Malassezia yeasts, which
are common colonizers of human skin, relates to the enormous
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potential of these organisms to adhere to the skin and to medical indwelling devices, presumably forming biofilms, and eventually later invade the bloodstream causing critical infections in
immunocompromised patients. The inadequate and ineffective
immune response to these commensal organisms is of upmost
importance for the effectiveness of Malassezia colonization and
infection. The pattern of inflammatory cytokines and antimicrobial peptides produced during early steps following contact
with Malassezia yeasts has been under intensive exploration
and should yield relevant insights regarding the most critical
immune mediators involved.41,42
Although the reported low intrinsic pathogenicity of Malassezia organisms rarely causing disseminated infection,9,43 the mortality associated with these infections is high, particularly due to
the affliction of patients with underlying predisposing conditions
as severe immunosuppression related to malignancy,
chemotherapy, HIV infection and cases of congenital immunodeficiency.15,16 Two of the three cases hereby described had a
fatal outcome related to the fungal infection.
Currently, although speciation does not seem to be critical
for the clinical management at the level of the individual patient
as there are no established differences in the antifungal susceptibility profile, definitive species identification is obviously of
paramount importance for both epidemiological surveillance
and outbreak investigation.9
Amphotericin B is among the preferred therapeutic options
for the first-line approach in patients who are usually under fluconazole prophylaxis.9,17 However, the variable results regarding the susceptibility profile testing should raise concern about
treatment recommendation.5,7,36,37,39 Future comprehensive
studies are warranted to elucidate which antifungal may be
optimal for treatment of Malassezia systemic infections.
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