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Abstract
The mortality associated with invasive fungal infections remains high with that involving rare yeast pathogens other than Candida being no
exception. This is in part due to the severe underlying conditions typically predisposing patients to these healthcare-related infections (most
often severe neutropenia in patients with haematological malignancies), and in part due to the often challenging intrinsic susceptibility pattern of
the pathogens that potentially leads to delayed appropriate antifungal treatment. A panel of experts of the European Society of Clinical
Microbiology and Infectious Diseases (ESCMID) Fungal Infection Study Group (EFISG) and the European Confederation of Medical Mycology
(ECMM) undertook a data review and compiled guidelines for the diagnostic tests and procedures for detection and management of rare
invasive yeast infections. The rare yeast pathogens were deﬁned and limited to the following genera/species: Cryptococcus adeliensis, Cryptococcus
albidus, Cryptococcus curvatus, Cryptococcus ﬂavescens, Cryptococcus laurentii and Cryptococcus uniguttulatus (often published under the name
Filobasidium uniguttulatum), Malassezia furfur, Malassezia globosa, Malassezia pachydermatis and Malassezia restricta, Pseudozyma spp., Rhodotorula
glutinis, Rhodotorula minuta and Rhodotorula mucilaginosa, Sporobolomyces spp., Trichosporon asahii, Trichosporon asteroides, Trichosporon dermatis,
Trichosporon inkin, Trichosporon jirovecii, Trichosporon loubieri, Trichosporon mucoides and Trichosporon mycotoxinivorans and ascomycetous ones:
Geotrichum candidum, Kodamaea ohmeri, Saccharomyces cerevisiae (incl. S. boulardii) and Saprochaete capitatae (Magnusiomyces (Blastoschizomyces)
capitatus formerly named Trichosporon capitatum or Geotrichum (Dipodascus) capitatum) and Saprochaete clavata. Recommendations about the
microbiological investigation and detection of invasive infection were made and current knowledge on the most appropriate antifungal and
supportive treatment was reviewed. In addition, remarks about antifungal susceptibility testing were made.
Keywords: Clinical guideline, cryptococcus, Geotrichum, Kodamaea, Malassezia, Pseudozyma, Rhodotorula, Saccharomyces, Saprochaete,
Sporobolomyces, Trichosporon
Article published online: 18 September 2013
Clin Microbiol Infect 2014; 20 (Suppl. 3): 76–98

Corresponding author: M. C. Arendrup, Unit of Mycology, Statens Serum Institut (b. 43/317), Artillerivej 5, DK-2300 Copenhagen, Denmark
E-mail: maca@ssi.dk
and
OlivierLortholary,InstitutPasteur,CentreNationaldeReferenceMycosesInvasives etAntifongiques,Unite deMycologieMoleculaire,CNRSURA3012,75015
Paris, France
E-mail: olivier.lortholary@pasteur.fr
*ESCMID/EFISG study group and ECMM members are listed in Appendix 1.
†

European Society for Clinical Microbiology and Infectious Diseases. ‡European Confederation of Medical Mycology.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases

CMI

Arendrup et al.

Introduction
In 2012 the ﬁrst ofﬁcial European Society for Clinical
Microbiology and Infectious Diseases (ESCMID) guideline on
the diagnosis and treatment of a fungal infection was published
[1–6]. Mucosal and invasive candidosis were covered and a
comprehensive consensus guideline was developed with the
participation of many experts from the ESCMID Fungal
Infection Study Group (EFISG) representing many European
countries. Before publication the recommendations were
presented for discussion at a European Congress for Clinical
Microbiology and Infectious Diseases (ECCMID) workshop
and the subsequent manuscripts underwent peer-review
before publication in the ESCMID journal, Clinical Microbiology
and Infection.
Following the same rigorous procedure, EFISG continued
the ESCMID guideline development process—this time in
collaboration with the European Confederation of Medical
Mycology (ECMM) and focusing on rare invasive fungal
infections. The deﬁnition of such pathogens is somewhat
pragmatic but yeasts other than Candida, mucorales, hyalohyphomycetous and dematiaceous fungi that are not common
causes of invasive infections were included. This guideline
presents the diagnostic and management guideline for ‘rare
invasive yeast infections’ including several basidiomycetous
yeasts: Cryptococcus adeliensis, Cryptococcus albidus, Cryptococcus
curvatus, Cryptococcus ﬂavescens, Cryptococcus laurentii and
Cryptococcus uniguttulatus (often published under the name
Filobasidium uniguttulatum), Malassezia furfur, Malassezia globosa,
Malassezia pachydermatis and Malassezia restricta, Pseudozyma
spp., Rhodotorula glutinis, Rhodotorula minuta and Rhodotorula
mucilaginosa, Sporobolomyces spp., Trichosporon asahii, Trichosporon asteroides, Trichosporon dermatis, Trichosporon inkin, Trichosporon jirovecii, Trichosporon loubieri, Trichosporon mucoides and
Trichosporon mycotoxinivorans and ascomycetous ones: Geotrichum candidum, Kodamaea ohmeri, Saccharomyces cerevisiae
(incl. S. boulardii) and Saprochaete capitatae (Magnusiomyces
(Blastoschizomyces) capitatus formerly named Trichosporon capitatum or Geotrichum (Dipodascus) capitatum) and Saprochaete
clavata.
The selection of organisms has been based on the following
criteria: (i) species were only included if they were documented as a cause of human invasive infections and (ii) rare
Candida species were excluded because we anticipate that
readers would probably refer to the ESCMID Candida
guidelines rather than a rare invasive yeast infection guideline
concerning species like Candida palmioleophila etc. although
such species fulﬁl the term of being a rare cause of invasive
infections. The species not considered being documented as
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cause of invasive human disease included Cryptococcus albidosimilis, Cryptococcus difﬂuens, Cryptococcus humicola and Cryptococcus uzbekistanensis, Trichosporon spp. others than those
mentioned above, Blastobotrys proliferans, Millerozyma farinosa,
Ogataea polymorpha and Guehomyces pullulans. Finally, the
guideline was limited to true yeasts and hence the unicellular
algae Prototheca wickerhamii and Prototheca zopﬁi var. zopﬁi
were excluded although we realize they have been misidentiﬁed as yeasts on occasion.
For the uncommon Candida species we refer the reader to
the general recommendations regarding diagnosis and treatment as described in the ESCMID Candida guideline [1–6].
However, as some of these species are characterized by
unique intrinsic susceptibility patterns, which are not specifically addressed in the Candida guidelines, a table summarizing
this information has been elaborated and included here
(Table 1, [7–19]). This table also includes names used in the
anamorphic and teleomorphic states, despite this distinction
recently being made superﬂuous [20].
General recommendations regarding collection, transport
and storage of clinical specimens, direct examination, isolation
and identiﬁcation procedures, which are valid for all
yeast-associated human infections, can be found in appropriate
textbooks (e.g. Barnett et al. [21]) and are not mentioned
here. Only speciﬁc features regarding genus identiﬁcations for
the speciﬁc yeasts discussed herein were considered. The
methods to evaluate the quality of evidence and to reach
consensus recommendations were described previously [1].
Strength of recommendations’ quality of evidence was graded
according to the criteria outlined in Table 2.

Rare Invasive Yeast Infections
It is important to underscore that the fungal organisms
covered in this guideline are not rare per se. A number of the
‘rare yeasts’ are encountered as frequent colonizers of human
skin, mucosal surfaces, in food items or in the environment. In
the normal host, infections are typically limited to various
superﬁcial infections like pityriasis versicolor, white piedra and
occasionally onychomycosis, the management of which are
dealt with in dermatology guidelines [22–25]. However, in the
immunosuppressed or otherwise compromised host, invasive
infections may occur, some being related to the presence of a
central venous catheter (CVC) and a few reported as
nosocomial clusters that require molecular approaches to be
properly documented. As predicted from their low pathogenicity, invasive infections are still reported at low numbers in
severely immunocompromised hosts (Table 3) [26–30]. For
example, these organisms together constituted 1.1% of the
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TABLE 1. Summary of rare Candida species that have been associated with human infection (by anamorphic and teleomorphic
name). Remarks that may be relevant in the clinical context are included. References are kept to a minimum as these species are
not the topic of this guideline
Anamorphic state

Teleomorphic state

Speciﬁc comment relevant in clinical context

C. africana

Not described

C. auris
C. bracarensis

Not described
Not described

C. ciferrii
C. dubliniensis

Trichomonascus ciferrii
Not described

C. fabianii
C. famata

Cyberlindnera fabianii
Debaromyces hansenii

C. guilliermondii
C. haemulonii
(incl. C. duobushaemulonii)

Meyerozyma guilliermondii
Not described

C. hellenica

Zygoascus meyerae

C.
C.
C.
C.
C.
C.
C.
C.
C.
C.

Not described
Not described
Kluyveromyces marxianus
Yarrowia lipolytica
Clavispora lusitaniae
Not described
Not described
Pichia norvegensis
Not described
Not described

Closely related to C. albicans. Intrinsic susceptibility pattern as for this species. Probably less pathogenic than
C. albicans and almost exclusively found in female genital tract specimens [7]
Related to C. haemulonii. Fluconazole MICs higher than for C. albicans [8]
Closely related to C. glabrata. Susceptibility pattern as for C. glabrata (azole MICs elevated compared with
C. albicans) [9]
Clinical signiﬁcance uncertain. Inherent resistance to several antifungal compounds described [10]
Closely related to C. albicans. Intrinsic susceptibility pattern as for this species. However, potential for acquired
resistance to ﬂuconazole appears to be greater than for C. albicans [11]
Clinical signiﬁcance uncertain. Fluconazole MICs higher than for C. albicans [12]
This species has been reported as an infrequent cause of fungaemia. However, recent data questions if this species
is actually human pathogenic (lack of growth at 37°C and no cases conﬁrmed by sequencing [13]
Closely related to C. fermentati and C. palmioleophila. High echinocandin and azole MICs [13]
Emerging evidence suggests that it may be a human pathogen related to superﬁcial infections and central venous
catheter-related fungaemia, particularly in Brazil, the Caribbean and Asian regions. Elevated azole and amphotericin
MICs are reported. Related to C. auris [14]
Fungaemia and respiratory infection has been reported. Decreased susceptibility to ﬂuconazole, itraconazole,
caspofungin, susceptible to voriconazole [15]
Closely related to C. norvegensis. Susceptibility pattern similar to C. krusei (intrinsically resistant to ﬂuconazole) [16]
Oropharyngeal colonizer, bloodstream infections, peritonitis. Susceptible to antifungal drugs except ﬂucytosine [13]
No inherent resistance to antifungals described
Clinical signiﬁcance uncertain. Fluconazole MICs higher than for C. albicans.
Not a good target for amphotericin B even if MICs are in the susceptible range (≤1 mg/L) [17]
Closely related to C. parapsilosis. Susceptibility pattern similar to this species (high echinocandin MICs) [18]
Closely related to C. glabrata. Susceptibility pattern as for C. glabrata (decreased susceptibility to azoles) [9]
Closely related to C. inconspicua. Susceptibility pattern similar to C. krusei (intrinsically resistant to ﬂuconazole) [16]
Closely related to C. parapsilosis. Susceptibility pattern similar to this species (high echinocandin MICs) [18]
Phenotypically related to C. guilliermondii. High azole MICs (but low echinocandin MICs in contrast to those for
C. guilliermondii) [13]
Fluconazole MICs higher than for C. albicans [19]

inconspicua
intermedia
kefyr
lipolytica
lusitaniae
metapsilosis
nivariensis
norvegensis
orthopsilosis
palmioleophila

C. pelliculosa
C. pulcherrima
C.
C.
C.
C.

rugosa
subhashii
viswanathii
zeylanoides

Wickerhamomyces anomalus
(prev. Pichia anomala,
Hansenula anomala)
Pichia kudriavzevii
(prev. Metschnikowia
pulcherrima)
Not described
Not described
Not described
Not described

Clinical signiﬁcance uncertain
Fluconazole MICs higher than for C. albicans [19]
Clinical signiﬁcance uncertain
Clinical signiﬁcance uncertain
Clinical signiﬁcance uncertain

TABLE 2. Strength of the EFISG and ECMM recommendation and quality of evidence
Strength of
Grade A
Grade B
Grade C
Grade D

a recommendation (SoR)
ESCMID and ECMM strongly support a recommendation for use
ESCMID and ECMM moderately support a recommendation for use
ESCMID and ECMM marginally support a recommendation for use
ESCMID and ECMM support a recommendation against use

Quality of evidence (QoE)
Level I
Evidence from at least one properly designed randomized, controlled
trial
a
Evidence from at least one well-designed clinical trial, without
Level II
randomization; from cohort or case–controlled analytical studies
(preferably from more than one centre); from multiple time series;
or from dramatic results of uncontrolled experiments
Level III
Evidence from opinions of respected authorities, based on clinical
experience, descriptive case studies, or reports of expert
committees
a

Added index: r: Meta-analysis or systematic review of randomized controlled
trials. t: Transferred evidence, that is, results from different patients’ cohorts, or
similar immune-status situation. h: Comparator group is a historical control. u:
Uncontrolled trial. a: Published abstract (presented at an international symposium
or meeting).

almost 4000 fungaemia isolates in an 8-year national surveillance programme in Denmark [26,27]. In Paris, they represented 5.1% of the 3668 fungaemia isolates in a prospective
surveillance programme from 2002 to 2012 (YEASTS Network,
National Reference Centre for Invasive Mycoses and Antifungals, Paris, France (O. Lortholary, unpublished data), Table 3).

Saccharomyces cerevisiae is a biotechnologically highly important
fungus with a broad use in the production of food and alcoholic
beverages etc. Phylogenetically, the species is relatively closely
related to Candida glabrata [31].
As most of these rare invasive yeast infections occur in the
haematology and Intensive Care Unit (ICU) settings, clinicians
should be aware that all of the responsible fungal species,
presumably except Saccharomyces spp. and Kodamaea ohmeri,
are regarded as intrinsically resistant to echinocandins. As a
result of the rare nature of these pathogens, controlled
prospective and comparative clinical trials are not feasible so
solid data on treatment efﬁcacy cannot be compiled. Moreover, clinical susceptibility breakpoints have not been established. Hence, management recommendations derive from
clinical experience (cohort or case–controlled analytical studies, from multiple time series), pragmatic interpretations of
susceptibility data and limited animal studies when available.
Also because of their rare incidence, primary prophylaxis is
not indicated unless speciﬁc local epidemiology suggests
otherwise. As speciﬁc diagnostic surrogate markers have not
been developed for these organisms (apart from the antigen
test for Cryptococcus but mainly evaluated for Cryptococcus
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TABLE 3. Summary of rare yeast isolates collected during the national surveillance programme in Denmark 2004–2011 and the
surveillance programme in Paris hospitals, France October 2002–May 2012. Only unique isolates are included. For comparison
and representing other parts of the world data from a US cancer centre, the Artemis study and a Brazilian study are included

Fungaemia isolates (total)
Rare yeasts other than Candida
Cryptococcus neoformans
Cryptococcus spp.
Geotrichum spp.
Rhodotorula spp.
Saccharomyces spp.b
Trichosporon spp.
Malassezia spp.
Pichia anomala
Saprochaete capitata

DK (national)
[26,27]

Paris Hosp.a

US (cancer
centre) [28]

Artemis study
1997–2007 [29]

Sao Paulo
Brazil [30]

3982
44
13
1
2
4
22
2
0
0
0

3668
188
137
1
19
5
14
11
1
NA
NA

3382
94
NA
NA
2
21
8
8
1
1
NA

NA
11,240
3,512
113
NA
462
1,321
1,196
NA
28
109

1195
174
79
NA
NA
28
NA
NA
NA
32
NA

(1.1%)
(29.5%)
(2.3%)
(4.5%)
(9.1%)
(50.0%)
(4.5%)

(5.1%)
(72.8%)
(0.5%)
(10.1%)
(2.7%)
(7.4%)
(5.9%)

(2.8%)
(5%)
(51%)
(20%)
(20%)
(2%)
(2%)

(31.2%)
(1.0%)
(4.1%)
(11.8%)
(10.6%)
(0.2%)
(1.0%)

(14.5%)
(45.4%)
(16.1%)

(18.4%)

NA, Not available.
a
YEASTS Network, National Reference Centre for Invasive Mycoses and Antifungals, Paris, France (unpublished data).
b
Taxonomically also a Candida species (C. robusta).

neoformans), blood culture remains an essential investigation
for the detection of invasive infection and the general
recommendations concerning volume and sampling frequency
should be followed [32–34]. Emerging evidence has highlighted
the additional yield obtained for candidaemia when a fungal
blood culture bottle is included to speciﬁcally support the
growth of fungi and at the same time avoid suppression by
concomitant faster growing microorganisms [35–38]. It
remains to be demonstrated if this applies to the detection
of fungaemia due to the yeasts described herein. In the
following sections the general characteristics for the different
pathogens will be reviewed (in alphabetical order). Speciﬁc
characteristics concerning the epidemiology and species identiﬁcation are summarized in Tables 2 and 3. In most cases,
identiﬁcation to the species level requires the adoption of new
tools including matrix-assisted laser desorption/ionization time
of ﬂight mass spectrometry (MALDI-TOF-MS) or DNA
sequencing. In this context it is important to underline that
the performance of these techniques depends on the quality of
the databases employed. However, these approaches appear
promising for most of these species and are expected to play
an important role in the future (Table 4). Recommendations
regarding use of blood culture and surrogate markers are
summarized in Table 5. Finally, recommendations regarding
appropriate ﬁrst-line antifungal treatment options are summarized in Table 6.

Cryptococcus
Introduction

Cryptococcus is an anamorphic basidiomycetous yeast genus that
comprises 70 species [39] but only two species C. gattii and
C. neoformans are regularly causing infections. The diagnosis and

management of these have been described in detail elsewhere
and are not included in the present guideline because they are
not uncommon or rare infections [40–43].
Other Cryptococcus species (e.g. C. albidus, C. curvatus,
C. laurentii) are prevalent worldwide and have been identiﬁed
from various environmental sources including air, soil, water,
pigeon droppings and food items such as cheese, milk, beans and
wine [39]. The species are able to grow at 37°C and have been
described as a cause of invasive human infections, with C. albidus
and C. laurentii accounting for 80% of the non-neoformans/
non-gattii cryptococcal infections [44]. Cryptococcus uniguttulatus, C. adeliensis and C. ﬂavescens have also been implicated in
cases of meningitis, albeit less frequently [45–48]. The clinical
presentation is similar to that for C. neoformans but the
cryptococcal antigen test is often negative and intrinsic susceptibility patterns are characterized by higher MICs for several
agents [49]. Therefore, diagnosis and optimal management
depend on a high index of suspicion and a skilled mycology
laboratory service. In the literature, cultures were not always
performed and species identiﬁcations were in many cases based
solely on phenotypic methods. Therefore, reports on infections
caused by the individual species should be interpreted with
caution unless coming from reference laboratories.
Risk factors and clinical presentation

Cryptococcus adeliensis, C. albidus, C. curvatus, C. ﬂavescens,
C. laurentii and C. uniguttulatus have been recovered from
various clinical specimens [44–48,50]. The most common
underlying risk factor is impaired cellular immunity, of which
16% was related to human immunodeﬁciency virus infection in a
recent review of 44 previously published cases [44]. In addition,
C. laurentii has been linked to the presence of invasive devices
[44]. Clinical presentation involves bloodstream infection in
33–55% of the cases, neurological manifestations in 20–33%

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 3), 76–98

+

–

–

+

–

+

–

–

Kodamaea
ohmeri
Malassezia

Pseudozyma

+

+

–

–

+

–

–

–

–

–

–

–

–

–

+/(–)

–

Chlamydoconidia

–

–

–

–

(+)

–

–

–

–

+

Capsule

–
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–
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–

+

–
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Monopolar
budding

+

–

+

–

–

–

–

–

+

–

Arthroconidia

+

+

–

–

+

+

+

–

–

+

Urease

T. asahii: dirty green
(others variable)

No data

No data

Dark pink

P. aphidis forms rough
green colonies. No data
for the other species.
No data

Gradually pink to
blue
No growth except
M. pachydermatis

Variable, probably
species dependent

No data

Appearance on
CHROMagar

Red, orange-salmon coloured
colonies; satellite colonies due
to ballistoconidia
Colony becoming dry,
arthroconidia

Red, orange-salmon coloured
colonies
Larger cells compared with
C. glabrata, poor growth on
blood agar
Whitish, butyrous colonies,
arthroconidia

Colour change on CHROMagar
within 48 h
Lipid dependent except
M. pachydermatis white/cream
colonies, monopolar budding
Fusiform spindle-shaped
elongated blastoconidia

White colonies, arthroconidia

India ink may visualize the
capsule in clinical specimens

Speciﬁc comments
regarding morphology

ITS 1 + 2 (2nd option D1/
D2 domain)
IGS1 necessary for some
species
MALDI-TOF promising

ITS 1 + 2 (2nd option D1/
D2 domain) MALDI-TOF
promising
ITS 1 + 2 (2nd option D1/
D2 domain)

ITS 1 + 2 (2nd option D1/
D2 domain)
Biochemical tests or
MALDI-TOF

ITS 1 + 2 (2nd option D1/
D2 domain)

ITS 1 + 2 (2nd option D1/
D2 domain)
MALDI-TOF promising
Biochemical tests or ITS
1+2
Phenotypically or ITS 1 + 2
MALDI-TOF promising

ITS 1 + 2 (2nd option D1/
D2 domain)
MALDI-TOF promising

Identiﬁcation to the
species level requiresa

a
ITS 1 + 2: Sequencing of the Internal transcribed spacer 1 and 2 of the rDNA, 2nd option D1/D2 domain: Sequencing of the D1/D2 domain of the large subunit (LSU) ribosomal DNA 09rDNA recommended if species identiﬁcation is not
obtained by ITS 1 + 2 sequencing, IGS1: Sequencing of the Intergenic spacer 1 region of the rDNA is necessary for correct species identiﬁcation of some Trichosporon species. Biochemical tests: correct species identiﬁcation can be obtained by
biochemical tests such as the Vitek 2 and API ID32C. MALDI-TOF, matrix-assisted laser desorption/ionization time of ﬂight mass spectrometry.

Trichosporon

–

+

/(+)

–/(+)

Sporobolomyces

+/

+

–

Saprocaete
capitata

+

–

–

+

–

–

–

–

–

–

Anneloconidia

+

+

+

–

+

Blastoconidia

Saccharomyces

Rhodotorula

/(+)

–

–

Cryptococcus spp.
other than
C. neoformans &
C. gattii
Geotrichum

/(+)

Hyphae

Organism

Pseudohyphae

TABLE 4. Identiﬁcation of the rare yeasts; laboratory characteristics and tools for identiﬁcation to the species level

80
Clinical Microbiology and Infection, Volume 20 Supplement 3, April 2014

CMI

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 3), 76–98

CMI

Arendrup et al.

ESCMID/ECMM rare invasive yeast guideline

81

TABLE 5. Summary of and recommendations regarding use of blood culture and surrogate markers
Species

Surrogate markers

Strength of
recommen-dation

Quality of
evidence

All

Blood culture

A

II

Blood culture fungal medium

B

IIt

Cryptococcus antigen

C

III

Cryptococcus other
than C. neoformans
and C. gattii

Geotrichum
Kodamaea ohmeri
Malassezia

Pseudozyma
Rhodotorula

Asp GM

D

III

b-D-glucan
No data on surrogate markers
No data on surrogate markers
Isolator 10 Lysis centrifugation or
BC bottle suppl. with palmitic acid
with prolonged incubation
(2 weeks)
No data on surrogate markers
b-D-glucan

D
No recom-mendation
No recom-mendation
B

II
No data
No data
III

No recom-mendation
C

No data
III

Saccharomyces

b-D-glucan

C

III

Saprochaete capitata

Candida mannan antigen
Asp GM

C
C

III
III

Trichosporon

b-D-glucan

C

III

Cryptococcus antigen
Asp GM

B
C

IIu
III

b-D-glucan

D

II

and pulmonary infection in 5–11% of the cases, but other body
sites may also be involved including skin, eyes, peritoneum
(secondary to peritoneal dialysis) and lymph nodes (5–10%
each). Cryptococcus laurentii was associated with no mortality in
contrast to C. albidus (28% mortality) [44].
Diagnosis

Cryptococci are budding, encapsulated, round to oval yeast
cells with a size from 3 to 8 lm in ﬂuids or tissues. The cells can
be visualized by mixing the pellet (cerebrospinal ﬂuid, pleural
ﬂuid or bronchoalveolar lavage) with India ink. The capsule
surrounding the cell will appear transparent as a halo resembling an egg-white around the yolk. Tissue sections can be
stained with mucicarmine or Alcian blue to highlight the capsule
and so exclude other yeasts with similar morphology. Clinical
specimens should be incubated on Sabouraud or other
selective fungal agar at 30–35°C (for up to 4 weeks in case of
prior antifungal treatment). Lysis centrifugation or culture of
the buffy coat improves the yield of fungaemia detection [40].
Creamy mucoid colonies are obtained and the colour may
darken with age. The genus is non-fermentative and identiﬁed
by the presence of a capsule, urease production and assimilation pattern using commercial kits [39]. When cultured on bird
seed agar most species do not form brown to black colonies
(and can therefore be differentiated from C. neoformans and

Comment

References

Volume of blood is essential. Adults: 40–60 mL either
one venepuncture or separate immediately after each
other. Repeated if signs and symptoms of fungaemia
persist.
Several studies have documented better yield for
Candida and BACTEC and BacT/ALERT BC systems if
a mycosis medium is included. Not shown speciﬁcally
for rare yeasts.
Cerebrospinal ﬂuid and serum. Sensitivity lower than
for C. neoformans. (4/17 in one study). Negative result
does not exclude cryptococcosis.
Cross-reaction due to galactomannan in the fungal cell
wall. However, sensitivity not examined.
b-D-glucan is not part of the cryptococcal cell wall.

[32–34]

Positive microscopy and negative culture may be
suggestive, due to the lipid dependence of most
species. Subculture: Sabouraud overlaid with sterile
olive oil, Dixon agar or other lipid-containing agar.

[107,108]

b-D-glucan present in culture supernatant but in lower
amount and but no clinical data.
b-D-glucan present in culture supernatant but no
clinical data.
Single clinical case and antigen similarity
Cross-reaction due to galactomannan in the fungal cell
wall. However, sensitivity not examined.
b-D-glucan present in culture supernatant but no
clinical data.
Cross-reaction with cryptococcal polysaccharide and
galactomannan Ags. Dual positivity may be suggestive
for Trichosporon infection. However, sensitivity not
examined.
Low sensitivity

[63]

[26,35–38]

[44,45]
[65]
[63]

[63,180]
[179]
[208,209]
[63]
[57,58,246–249]

[238,250,251]

C. gattii). There are few exceptions such as Cryptotrichosporon
anacardii [51] and Cryptococcus podzolicus [52]. Species identiﬁcation requires sequencing of internal transcribed spacer (ITS)
1 + 2 regions of rDNA and/or D1/D2 domains [39,47,48,53];
MALDI-TOF-MS is a promising tool for future identiﬁcation
of uncommon yeasts including Cryptococcus species; however,
its performance will depend on the quality of the database
(T. Boekhout, unpublished observations) [54–56].
Despite sharing several capsular antigens with C. neoformans,
cryptococcal antigen detection is not a reliable diagnostic test
for non-neoformans/non-gattii cryptococcal species with only 4/
17 bloodstream cases being positive and at low titres [44,45].
Whether the poor sensitivity is attributable to differences in
capsule structure (versus C. neoformans) or lower fungal
burden remains to be clariﬁed. False-positive results have been
reported during invasive Trichosporon infections [57,58] and in
the case of rheumatoid factor [59], Capnocytophaga canimorsus
septicaemia [60], Stomatococcus mucilaginosus bacteraemia [61],
soaps and disinfectants [62]. The amount of b-1-3-D-glucan in
the cryptococcal cell wall is much lower than in for example
Candida albicans and the b-1-3-D-glucan test has not been found
useful in the diagnosis of cryptococcal disease, as exempliﬁed
by only two of 12 patients with cryptococcosis positive at a
cut-off value of 80 pg/mL [63,64]. Therefore the test is not
recommended in this context. Finally, cross-reaction with the
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TABLE 6. Targeted antifungal treatment of emerging invasive yeast infections. Note: intention is to cure manifest infection

Cryptococcus
other than
C. neoformans
and C. gattii

Geotrichum
candidum

Kodamaea
ohmeri

Malassezia

Pseudozyma
spp.

Rhodotorula

Saccharomyces

Saprochaete
capitata

Sporobolomyces

Strength of
recommendation –
quality of evidence

Population/
manifestation

Antifungal

CNS and severe
inf. Induction

Amphotericina
(ﬂucytosineb)

CNS and severe inf. Fluconazole ≥400
Consolidation
mg/day
Non-CNS, not
Fluconazole ≥400
severe inf.
mg/day

B-III
C-III
C-III

Amphotericina

B-III
D-II
B-III

Any
Any

Echinocandins
Amphotericina
(ﬂucytosineb)
Fluconazole
Voriconazole

Any
Any

Echinocandins
Amphotericina

D-II
B-III

Any

Fluconazole

C-III

Any

Echinocandins

C-III

Any
Severe cases
Non-severe cases
Any

Voriconazole
Amphotericina
Fluconazole
Voriconazole

NR
B-III
B-III
C-III

Any

Echinocandins

D-III

Any

Flucytosineb

D-III

Any, fungaemia

Amphotericina

A-IIu

Any,
Any,
Any,
Any,
Any

D-II
D-II
D-II
C-III
A-II

Any

Fluconazole
Echinocandins
Flucytosineb
Voriconazole
Amphotericina
(ﬂucytosineb)
Azoles

Any

Echinocandins

D-II

Any

a

Amphotericin

B-III

Any

Echinocandins

C-III

Any

Amphotericin
Ba + Flucytosineb

B-III

Any

Fluconazole

D-III

Any

Discontinuation of
probiotics
Amphotericina
(ﬂucytosineb)

A-III

Any
Any

Voriconazole
Echinocandins

B-III
D-II

Any

Fluconazole

NR

Any

Any

CSF or interferon-c C-III
in combination
w antifungal
treatment
C-III
Amphotericina

Any

Voriconazole

Non-CNS, not
severe inf.
Any
Any

Any

fungaemia
fungaemia
fungaemia
fungaemia

D-III
NR

D-IIu

B-III

C-III

Comments

References

MICs of 5-FC, ﬂuconazole and other azoles often
elevated and particularly so for C. albidus,
C. laurentii and C. uniguttulatum [29,30,33,54–59]
If in vitro susceptible

[44–46,49,69–74]

MICs of 5-FC, ﬂuconazole and other azoles often elevated
and particularly so for C. albidus, C. laurentii and
C. uniguttulatum [29,30,33,54–59]
May be preferable to ﬂuconazole for the less
azole-susceptible species
Intrinsically resistant
Preferred agent is amphotericin B (w/wo 5-FC).
No human data and high MIC values
Low MIC values. One breakthrough failure case (while
on micafungin), but voriconazole TDM levels not
reported.
In vitro resistant
Most (but limited) clinical experience w
amphotericin B;
Elevated MICs for some isolates. Fluconazole
successful in 5/6 paediatric cases, in 1/1 adult
immunocompromised patient case (ﬂuconazole
followed by itraconazole) unsuccessful in one adult
case of cellulitis [70,74,78].
Two case reports showed successful outcome for one
patient each on micafungin and caspofungin
respectively (MICs higher than for C. albicans)
No data
M. pachydermatis may be less susceptible in vitro
In vitro activity, no clinical data, exposure issues
particularly in the paediatric population
No reference susceptibility test for Malassezia;
modiﬁed susceptibility tests suggest intrinsic
resistance
No reference susceptibility test for Malassezia;
modiﬁed susceptibility tests suggest intrinsic
resistance
Low MICs of amphotericin B, case stories reporting
success.
5/6 clinical isolates had high MICs of ﬂuconazole
In vitro resistant
In vitro resistant (MIC >64 mg/L)
In vitro activity, no clinical data, exposure issues
In vitro susceptible only to these two agents. Good
response in the case reports available.
Breakthrough cases on ﬂuconazole and echinocandins.
In vitro resistant to all azoles and echinocandins
Breakthrough cases on azoles and echinocandins.
In vitro resistant
Most clinical experience; toxicity risk higher than for
echinocandins
Two successful cases in the literature
( neutropenic), no emergence of S. cerevisiae after
intro of echinocandins as ﬁrst line agents for
candidaemia, two recent failure cases neutropenic
(Arendrup MC unpublished data)
Excellent in vitro susceptibility. May be used in severe
cases or when penetration into an infected focus is
challenging.
Increased occurrence in patients exposed to
ﬂuconazole; high ﬂuconazole MICs (similar to those
for C. glabrata
Probiotic containing S. boulardii has been documented
to be the origin of systemic infections.
Most (but limited) experience. In vitro susceptibility of
amphotericin B in the intermediate range, failures in
hepatosplenic infections reported on amphotericin B
monotherapy.
Less data available, but promising in vitro susceptibility
In vitro resistant and a case report document
breakthrough infections on an echinocandin.
In vitro resistant – but animal model data suggest
activity
Improved in vitro phagocytic activity has been
observed
Possibly a treatment option but insufﬁcient clinical
data
Possibly a treatment option but insufﬁcient clinical
data
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[77–80]
[77,82]
[77,78,81]
[77]
[83,85,86,92,95,96]
[84,88,92]

[91,93]

[97,106]
[97,106]
[97,106]
[97,106]

[121–124]
[121–124]
[123,124]
[121,123]
[123,124]
[131,153,154]
[131,147,148,153,154]
[147,153,154]
[178,182,183]
[27,182,183]

[70,170,181,184,185]
[26,178]
[175,176]
[186,194,196]

[186]
[211,212]
[211–213]
[194,195,206]

[69,222,223,230]
[69,225,230]
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Table 6 (Continued)

Trichosporon

Population/
manifestation

Antifungal

Strength of
recommendation –
quality of evidence

Any
Any
Any
Any

Echinocandins
Fluconazole
Voriconazole
Fluconazole

D-II
D-II
B-III
C-III

Any
Any

Echinocandins
Amphotericina

D-II
D-III

Any

Flucytosineb

D-III

Comments

References

In vitro resistant
In vitro resistant
Preferred therapy, but as data are scarce
Some clinical evidence for usefulness,
but also some isolates with higher MICs
In vitro resistant
Low success rates on amphotericin
B and in vitro resistance reported
In vitro resistant

[69,230]
[69,230]
[233,237,238,259,260]
[192,232,238]
[237–239,256,262]
[192,232,261,265–267,270]

5-FC, ﬂucytosine; CNS, central nervous system; inf., infection; TDM, therapeutic drug monitoring; w/wo, with/without.
Amphotericin, wherever mentioned, includes amphotericin B deoxycholate and its lipid formulations. Lipid formulations are preferred due to lower toxicity and liposomal
amphotericin B speciﬁcally whenever central nervous system penetration is warranted.
b
Flucytosine, wherever mentioned, is a possible option particularly in cases where penetration issues (e.g. central nervous system infection) or severity, suggest combination
therapy may improve outcome. Flucytosine should only be used in combination due to the risk of selection of resistance and therapeutic drug monitoring is highly recommended
due to the narrow therapeutic index.
a

Aspergillus galactomannan antigen test (Platelia Aspergillus;
BioRad, Marnes la Coquette, France) has been observed due
to the presence of galactoxylomannan in the cryptococcal
capsule [65]. A commercially available cryptococcal lateral ﬂow
antigen detection device (IMMY; Immuno-Mycologics, Inc.,
Norman, OK, USA), has recently been introduced as a
point-of-care test for the early diagnosis of cryptococcosis.
The test has proven effective both for serum, cerebrospinal
ﬂuid and urine samples in comparison with conventional
techniques of antigen detection but the performance for the
detection of infections due to cryptococci other than C. neoformans has not been evaluated [66–68].
Susceptibility testing and treatment

Cryptococci are intrinsically resistant to echinocandins. The
optimal treatment for invasive infections due to other
Cryptococcus species has not been established. Amphotericin
B alone or in combination with ﬂucytosine and ﬂuconazole
either alone or after induction therapy with amphotericin B
has been used. Predictors for mortality were infection with
C. albidus (rather than C. laurentii), age above 45 years and
central nervous system involvement [44]. In vitro susceptibility
testing suggests that C. albidus, C. curvatus and C. laurentii are
susceptible to amphotericin B with MICs comparable to those
for C. neoformans [49]. On the contrary, MICs of ﬂucytosine,
ﬂuconazole and other azoles are in most studies elevated and
particularly so for C. albidus, C. laurentii and C. uniguttulatus,
suggesting that these organisms may be less susceptible
[45,46,49,69–74]. Moreover, ﬂuconazole resistance has been
reported more frequently in patients with previous azole
exposure (83% versus 50%) [44]. The clinical implication of
these observations remains to be understood. However, initial
induction therapy with amphotericin B until clear clinical
improvement and careful evaluation of ﬂuconazole susceptibility
if step-down to this agent is considered appears to be a sound
and safe strategy.

Geotrichum candidum
Geotrichum candidum (Galactomyces candidus) is a ﬁlamentous
ascomycetous yeast that forms arthroconidia and that has rarely
been reported to be responsible for disseminated infections in
the haemato-oncology setting [75–77]. It is closely related to
Saprochaete capitata (Magnusiomyces capitatus) and Saprochaete
clavata (see below). A recent literature review of 12 invasive
cases reported since 1971 revealed that 8/12 patients had
underlying malignancy [77]. It has been anecdotally reported as a
cause of invasive skin infection [78]. The preferred agent for
invasive infections is amphotericin B with or without concomitant ﬂucytosine as most experience exists with this agent
[77,79,80]. Voriconazole may be a promising agent, as suggested
by good in vitro susceptibility, but only a single case is reported in
the literature with an unsuccessful outcome of a breakthrough
infection (while on micafungin) [77,78,81]. Neither echinocandins nor ﬂuconazole can be recommended because of high MICs
and no clinical support for efﬁcacy [77,82].

Kodamaea ohmeri
Introduction

Kodamaea (Pichia) ohmeri is a rarely occurring yeast that has
recently been identiﬁed as a cause of fungaemia, endocarditis,
cellulitis, funguria and peritonitis in neonates and children [83–
87], and in both immunocompromised [88–91] and immunocompetent [92,93] adult patients. The anamorphic state is
Candida guilliermondii var. membranaefaciens, and has been
confused with Candida guilliermondii (for which the teleomorphic
state is Meyerozyma guilliermondii). Recent literature invariably
does not acknowledge the anamorphic state (and readers may
therefore not recognize this species as a Candida sp.), so we have
included K. ohmeri in this guideline. Kodamaea ohmeri may be
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misidentiﬁed as Candida tropicalis [84], Candida haemulonii or
Candida parapsilosis [94] by traditional methods and molecular
identiﬁcation is mandatory.
Risk factors/clinical presentation

There are <30 cases described in the world literature, which
are mainly sporadic reports but also include two Asian series
with several cases [84,94]. In one of these, the hands of a
healthcare worker at a surgical ward were colonized with
K. ohmeri, suggesting a nosocomial outbreak [84].
Diagnosis

Blood culture remains the cornerstone in the diagnosis of
invasive infection. On solid media, K. ohmeri forms Candida-like
colonies, which on CHROMagar (BioMerieux, Marcy l’Etoile,
France) change colour from pink to blue within 48 h [88].
Although mis-classiﬁcation as Candida tropicalis has been
reported, correct species identiﬁcation can be obtained by
biochemical tests such as the Vitek 2 and API ID32C or
sequencing of the rDNA loci [84,88].
Susceptibility testing and treatment

Susceptibility testing suggests that the susceptibility pattern
mirrors that for Candida glabrata with azole MICs higher than
those for Candida albicans (ﬂuconazole: 2–64 mg/L; voriconazole: 0.03–8 mg/L, posaconazole 0.06–4 mg/L, respectively), but
amphotericin B and echinocandin MICs in the range that would
be interpreted as susceptible for Candida albicans (amphotericin
B: 0.25–1 mg/L, caspofungin: 0.125–1 mg/L, micafungin: 0.03–
0.06 mg/L, respectively) [84,94]. Most cases have been treated
with liposomal amphotericin B (or amphotericin B deoxycholate) and with good response [83,85,86,92,95,96]. Fluconazole
was successful in 5/6 paediatric cases, in 1/1 adult immunocompromised patient (ﬂuconazole followed by itraconazole) and
was associated with failure in one adult case of cellulitis
[84,88,92]. Finally, caspofungin or micafungin treatment has
been successful in one case each [91,93]. Hence, although there
are insufﬁcient data to support a ﬁrm treatment recommendation, amphotericin B appears to be an attractive ﬁrst-line agent
and echinocandins are possibly promising alternative candidates.
Susceptibility testing is recommended not only to guide
treatment but also to provide MIC–outcome relationships and
hence data for future optimized treatment recommendations.

Malassezia
Introduction

Malassezia species are basidiomycetous yeasts and part of our
normal skin microbiota. The genus includes 14 species of
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which 13 are lipid dependent. These include M. furfur,
M. sympodialis, M. globosa, M. obtusa, M. restricta, M. sloofﬁae,
M. dermatitis, M. japonica, M. nana, M. yamatoensis, M. equina,
M. caprae and M. cuniculi. Malassezia pachydermatis, however,
is able to grow on routine media without the addition of oil or
other sources of lipid. Malassezia sympodialis, M. globosa,
M. sloofﬁae and M. restricta are the most frequently found
species responsible for colonization of humans.
Risk factors/clinical presentation

Malassezia species may cause various skin manifestations
including pityriasis versicolor, seborrhoeic dermatitis, dandruff,
atopic eczema and folliculitis and less commonly onychomycosis [97]. These skin manifestations are common and are
typically diagnosed and managed in the primary healthcare
sector or by dermatologists [97]. For their management, we
would refer the reader to local and international guidelines.
However, skin colonization and infection may be a source for
transmission to vulnerable patient groups susceptible to
invasive infections [97]. Both the non-lipid-dependent species
M. pachydermatis and the lipid-dependent Malassezia spp.
(almost all reported as caused by M. furfur) have been
reported to cause systemic infections [97–99]. As an example,
M. pachydermatis, which is known to cause external otitis in
dogs, has been isolated from the hands of dog owners,
including healthcare providers such as nurses, and associated
with clusters of infections in neonates [98,100–102]. Apart
from contact with a potential carrier, other risk factors for
M. pachydermatis include increased median neonatal acute
physiology score and more than 9 days of arterial catheterization [98]. Notably, M. pachydermatis can persist for a long
time on surfaces of incubators, which may serve as a source of
infection for neonates [103].
Systemic infections due to lipid-dependent Malassezia
species mainly occur in the following host groups: (i) infants
on lipid-containing parenteral nutrition and (ii) children and
adults with various forms of immunosuppression and underlying diseases [97,104]. Risk factors for fungaemia related to
non-lipid total parenteral nutrition are the following: chronic
ambulatory peritoneal dialysis (due to lipids leaking from the
gastrointestinal tract), haematological malignancy, cancer and
Crohn’s disease and most cases arise in patients with a CVC
[97,105,106].
Diagnosis

The diagnosis of invasive Malassezia infections is challenging
because of the lipid-dependent nature of most species. Hence,
special media, such as modiﬁed Dixon or modiﬁed Leeming
and Notham agar, or the use of Sabouraud agar with the
addition of a few drops of sterile olive oil is required. The
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performance of the various modern automated blood culture
systems for the detection of Malassezia species has not been
systematically studied, however, the use of the Isolator 10
system (with subculture of lipid-containing agar) or supplementation of the blood culture ﬂask with palmitic acid has
been shown to be required for the detection of lipid-dependent species in earlier blood culture systems [107,108].
Inoculated blood culture media should be incubated for up
to 2 weeks. Colonies on solid agar are cream to beige. Yeast
cells are round or oval with thick walls with a size varying from
2 to 8 m. Cell division is via monopolar budding with buds that
may be nearly as broad as the mother cell in many cases,
leading to a ﬂask-like appearance of the cells.
Malassezia species may be distinguished phenotypically using
morphology and a series of biochemical tests as well as using
molecular tools [109–111] and by MALDI-TOF-MS (T.
Boekhout, unpublished observation). Full protocols for phenotypic identiﬁcation are provided by Gueho-Kellermann et al.
[112]. For clinical management at the level of the individual
patient, species identiﬁcation is less important, although it is
obviously needed for epidemiological surveillance and outbreak investigation.
Susceptibility testing and treatment

Susceptibility testing of Malassezia has not been standardized
because growth is not supported on the standard RPMI
growth medium recommended for yeast and mould testing
by CLSI and EUCAST. Signiﬁcant variation and broad range
MICs have been reported in various publications depending
on the medium used, which may result in random/erroneous
susceptibility classiﬁcation [113]. Some reports suggest that
in vitro ﬂuconazole resistance may be encountered more
often in M. pachydermatis [114,115]. The clinical implication
of this ﬁnding remains unclear. So far susceptibility testing
for guiding treatment cannot be recommended. As for the
other rare invasive yeast infections, larger patient series are
lacking, and hence evidence-based treatment recommendations cannot be made. The key factors in the management of
invasive Malassezia infection are removal of the CVC,
discontinuation of the parenteral lipid and institution of
systemic antifungal treatment. Most experience is with
ﬂuconazole and amphotericin B, which are the preferred
agents [106,116,117]. In general MICs are lower for voriconazole than for ﬂuconazole for most species, however, so
is the voriconazole exposure, particularly in the paediatric
population, which is a reason to strongly consider therapeutic drug monitoring if voriconazole is prescribed [118–
120]. Additionally, voriconazole is associated with more
side-effects and drug–drug interactions and is not licensed
for neonates or children <2 years old. Future studies are
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warranted to elucidate which antifungal treatment is optimal.
In vitro resistance to ﬂucytosine and echinocandins appears
to be a consistent ﬁnding and therefore these drug classes
are not recommended [101,116].

Pseudozyma
Introduction

Pseudozyma species are basidiomycetous plant pathogens,
which belong to the Ustilaginales. The genus today contains
at least 20 species and was not recognized as a human
pathogen until 2003 when three Pseudozyma species—Pseudozyma antarctica, Pseudozyma parantarctica and Pseudozyma
thailandica—were isolated from the blood of three Thai
patients [121]. Fungaemia due to Pseudozyma aphidis was
subsequently reported from the USA in 2008 [122] and
recently in a neonate from India [123].
Risk factors/clinical presentation

So far infections due to Pseudozyma have been reported from
Asia (Korea, China, India, Thailand), Brazil and the USA [123].
Risk factors associated with invasive Pseudozyma infections are
similar to those of non-albicans Candida spp., i.e. extremes of
age, cancer chemotherapy, neutropenia (<3000 cells/lL),
presence of a CVC and severe thrombocytopenia [121–124].
Invasive Pseudozyma spp. infection most often presents with
fungaemia. Moreover, deep-seated focal infections including
brain abscess [125] and pleural cavity have been reported
[124]. Finally, a single case of a mycetoma due to co-infection
with Nocardia after traumatic inoculation in an Asian farmer
has been described [126].
Diagnosis

The main stay in the diagnosis of invasive Pseudozyma spp.
infection is blood culturing and when, focal infection is
suspected, culture of relevant tissue samples. On Sabouraud
agar Pseudozyma species form rapidly expanding moist,
tan-yellow and wrinkled yeast colonies [122,124] and on
CHROMagar Candida medium P. aphidis forms rough green
colonies after 48–72 h of incubation at 37°C (no data for the
other species). Microscopic examination shows fusiform
spindle-shaped elongated blastoconidia and the presence of
hyphae. Germ tube test and chlamydoconidia formation are
negative. Isolates show positive test for diazonium blue B and
hydrolyse urea. Growth is inhibited on 0.1% cycloheximide-containing medium. API ID 32C and VITEK2 compact
generally give non-conclusive proﬁle(s). Ampliﬁcation and
sequencing of the ITS and/or D1/D2 domain is necessary for
a proper identiﬁcation [121–123,125,126].

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 3), 76–98

86

Clinical Microbiology and Infection, Volume 20 Supplement 3, April 2014

Susceptibility testing and treatment

Low MIC values of amphotericin B, posaconazole (0.03 mg/L),
voriconazole (0.06 mg/L) and isavuconazole (0.25 mg/L) have
been reported. Susceptibility of itraconazole was variable and
5/6 isolates had MICs of ﬂuconazole in the range of 4 to
greater than 64 mg/L. The echinocandins (>4 mg/L) and
ﬂucytosine (>64 mg/L) are not active against Pseudozyma
[123]. Although the available data are too limited to provide
ﬁrm treatment recommendations, ﬁrst-line options may be
amphotericin B or voriconazole whereas echinocandins,
ﬂuconazole and ﬂucytosine should be avoided.

Rhodotorula
Introduction

Clinically relevant red yeasts belong to two genera: Rhodotorula
and Sporobolomyces (see below). Rhodotorula species are common environmental basidiomycetous yeasts, which can be found
in soil, ocean and lake water, fruit juice and milk, and on shower
curtains and toothbrushes [30,127]. Today, the genus contains
46 species [128] of which three have been described as rare
human pathogens: R. mucilaginosa (also known as R. rubra),
R. glutinis and R. minuta [30,129,130]. The association of
R. mucilaginosa with humans is well documented and this yeast
has been isolated from skin, sputum and digestive tract samples
including faeces, forming part of the normal human microbiota.
This species accounts for the majority of the infections (74–79%)
followed by R. glutinis (7.7%) [130,131]. In a signiﬁcant proportion of the reported cases the species identiﬁcation is not
available (17%); furthermore, species identiﬁcation is not reliable
by methods normally available in the routine microbiology
laboratory, and identiﬁcation using sequence analysis of the
D1D2 domains of the large subunit ribosomal DNA (rDNA)
and the ITS 1 + 2 regions of the rDNA is needed [30,130].
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compared with the warmer regions [26,28,149]. Moreover,
Rhodotorula has also been found on the hands of healthcare
workers in Egypt [150], and it has a high afﬁnity to adhere to
plastic surfaces and can form bioﬁlms [28,151]. Hence, medical
equipment including ﬂexible endoscopes, various utensils and
furniture in the patient’s room can easily become colonized.
These observations suggest geographical differences in the
epidemiology and possibly a potential role of differences in
hygiene procedures [30,148,150].
Diagnosis

The mainstay in the diagnosis of invasive Rhodotorula spp.
infection is blood culture as 79% of the systemic infections
presents as fungaemia [130]. Of note, isolates of Rhodotorula
have been found to cross react with the Candida glabrata/
Candida krusei probe in the commercially available ﬂuorescence
in situ hybridization test for presumptive species identiﬁcation
of positive blood cultures, which might lead to inappropriate
echinocandin treatment [152]. A CVC is often involved and
therefore the catheter tip should be cultured when the CVC is
removed to capture cases where blood cultures are falsely
negative [127]. Rhodotorula isolates are easily recognizable in
the laboratory by their distinctive orange to salmon-coloured
mucoid colonies. Cells of Rhodotorula spp. are subglobose, oval
to elongate, with or without small capsules, may sometimes
form rudimentary hyphae but not ballistoconidia, produce
urease but fail to ferment carbohydrates.
Antigen detection has not been reported in clinical cases of
systemic Rhodotorula infections. b-1-3-D-glucan has been
detected in the supernatant from three isolates of R. mucilaginosa (syn. R. rubra) at an average concentration of two-thirds
of that of Candida spp. [63]. Whether the b-1-3-D-glucan test
would be useful as a surrogate marker for invasive Rhodotorula
infection remains to be investigated.
Susceptibility testing and treatment

Risk factors/clinical presentation

Opportunistic fungal infections due to Rhodotorula have
emerged after the ﬁrst case was reported in 1985, and the
most common predisposing factor appears to be the presence
of a CVC and underlying haematological disease [28,127,130–
135]. However, Rhodotorula fungaemia, peritonitis, endocarditis or meningitis have also been reported in other vulnerable
patient groups, including patients with AIDS, extensive burns,
continuous ambulatory peritoneal dialysis, cirrhosis, those who
have undergone intra-abdominal surgery, intravenous drug
abusers and critically ill ICU patients [130,136–146]. Notably, a
signiﬁcant number of cases are breakthrough infections during
ﬂuconazole or echinocandin treatment [131,134,135,147,148].
Infections appear to be less common in Nordic countries

Susceptibility testing has yielded amphotericin B MICs of
<1 mg/L and ﬂucytosine MICs of <0.5 mg/L, but ﬂuconazole
MICs of >32 mg/L and voriconazole, itraconazole and posaconazole median MICs of 2 mg/L, which is above the
breakpoints for not only Candida albicans but also Aspergillus
fumigatus [153–157]. Hence, Rhodotorula species are regarded
as intrinsically resistant to azoles and echinocandins, but
susceptible to amphotericin B and ﬂucytosine [153,158,159].
This is further supported by the ﬁnding that many cases have
been breakthrough infections during ﬂuconazole or echinocandin treatment [131,147,148]. Consequently, the preferred
treatment of choice is with any kind of amphotericin B
preparation. With such treatment, an overall mortality was
reported as 13.8% in the haematological setting and ranges
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from 0% in patients with non-Hodgkin’s lymphoma to 21% in
patients with acute leukaemia [30,127,131,160]. If present,
withdrawal of CVC is strongly recommended [130–
133,135,147] and sometimes reported to be efﬁcacious
without any accompanying antifungal treatment [28,161].
Furthermore, cases of chronic ambulatory peritoneal dialysis-associated Rhodotorula peritonitis have been diagnosed and
successfully treated (5/6 patients cured) with catheter removal
(5/6 patients) and systemic or intraperitoneal antifungal
therapy (amphotericin B in 5/6 patients or ketoconazole 1/6
patients, which is today regarded as an obsolete compound for
oral administration, in one case) [130,138,162,163]. There are
anecdotal reports indicating improvement of fungal infection
under ﬂuconazole and miconazole treatment despite in vitro
resistance and in patients without antifungal treatment
[130,164]. However, since there are no conﬁrmatory trials
for treatment of Rhodotorula infections, such practice should be
avoided, especially in seriously ill patients.

Saccharomyces
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condition and more often associated with a favourable
outcome [178]. Use of probiotics in debilitated patients, in
ICU, in neutropenic patients, in preterm newborns or in
patients with central lines should be carefully considered.
Diagnosis

Invasive infection is most often diagnosed by microscopy and
culture. Yeast cells are round to oval and larger than Candida
glabrata cells. Ascospores are occasionally seen and short
pseudohyphae may be formed but are not typical; urease activity
is absent. Candida mannan antigen positivity has been anecdotally reported in patients with fungaemia but it remains unclear if
this test can be used for diagnosis [179]. Similarly, b-1-3-D-glucan has been found in culture supernatant from S. cerevisiae at
quantities of approximately 85% compared with that from
Candida cultures and this test has been reported positive in case
reports of Saccharomyces bloodstream infection and on culture
supernatants from S. cerevisiae cultures, but the diagnostic
performance has not been systematically studied [63,180].
Susceptibility testing and treatment

Introduction

Saccharomyces cerevisiae, also known as baker’s or brewer’s
yeast, is a low pathogenic ascomycetous yeast. Saccharomyces
boulardii, a genetically similar subtype [165,166], is used as a
probiotic for prevention and treatment of various sorts of
diarrhoea and recurrent Clostridium difﬁcile-associated diarrhoea
[167–169] and should be avoided in immunocompromised hosts.
The anamorphic state of S. cerevisiae is sometimes referred to as
Candida robusta. As the species is closely related to Candida
glabrata phylogenetically it is not surprising that the clinical and
microbiological characteristics are similar to this species.
Risk factors/clinical presentation

Saccharomyces cerevisiae may be found as a harmless and
transient digestive commensal and colonizer of mucosal
surfaces of normal individuals. It can, however, also be
involved in mucosal infections like vaginitis, particularly in
ﬂuconazole-exposed women with recurrent vulvo-vaginal
candidiasis, and in bloodstream infections, again particularly
in ﬂuconazole-exposed patients [35,170]. Cases of fungaemia
and disseminated infection have been described in vulnerable
patients after treatment with the S. boulardii probiotic compound [171–176], and also as nosocomial infection in a patient
that shared a room with a patient receiving probiotic,
suggesting transfer via contaminated hands of the nursing staff
[177]. In a recent review of 92 cases of invasive Saccharomyces
infections, S. boulardii accounted for half of these, was less
often associated with an underlying immunocompromised

The in vitro susceptibility pattern is similar to that of Candida
glabrata, with elevated azole MICs, but echinocandin MICs only
a few dilutions higher than for Candida albicans and low
amphotericin B and ﬂucytosine MICs [70,170,181]. Most clinical
experience exists with ﬂuconazole and amphotericin B, for
which favourable outcome was observed for 60% and 77.7%,
respectively [178]. The clinical experience with the echinocandin class of drugs is limited. Two cases have been reported in
the literature and were successfully treated [182,183]. However, two recent failures, one of which with autopsy documented multi-organ dissemination, have also been observed
(M. C. Arendrup, unpublished observations). Finally, amphotericin B with or without ﬂucytosine has been used in severe or
recurrent cases [184,185] but the role of this combination
remains to be established. In addition to the systemic antifungal
therapy, it is strongly recommended that probiotics containing
S. boulardii are discontinued and indwelling foreign bodies are
removed, when possible, because this organism, like many
other yeasts, is capable of forming bioﬁlms [176].

Saprochaete
Introduction

Saprochaete capitata (Teleomorph: Magnusiomyces capitatus,
previously named Geotrichum capitatum, Trichosporon capitatum
or Blastoschizomyces capitatus) is a non-fermentative,
non-encapsulated, urease-negative ascomycetous yeast. It is
found in environmental sources such as wood and soil, in
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animals (including bovine mastitis and poultry faeces) and has
been found in dishwashers [133,186–188]. In addition, S. capitata is part of the normal microbiota of human skin and is
frequently isolated from sputum and the digestive tract of
healthy people [186].
Risk factors/clinical presentation

Saprochaete capitata is a rare, but emerging yeast mostly
responsible for often lethal fungaemia in patients with
profound neutropenia in the haematology setting [186,189–
191]. This patient category represents up to 92% of reported
cases and 75% of them have been reported from Italy, Spain
and France [192]. Mortality associated with disseminated
infections has been estimated to be 57% in the haematology
population [192,193]. Of note, Geotrichum spp. represented 5%
(2/41) of non-Candida, non-Cryptococcus fungaemia cases
among haematological patients in a tertiary cancer centre in
Houston, suggesting that this species is still a rare invasive
pathogen [28]. In the haemato-oncology setting, 60–80% of
patients present with deep organ involvement [193]. Indeed, it
has been recognized as a cause of skin lesions similar to those
observed during disseminated candidiasis, hepatosplenic
abscesses [194,195], pancreatic infections [196], brain
abscesses [195], funguria [197], acute renal failure due to
fungal occlusion of glomeruli [198] and osteomyelitis, mostly
with vertebral involvement [199–201]. Central venous catheters have been recognized as a potential portal of entry [193].
A common hospital source has been advocated for several
clusters [186,202] and more recently, it has been conﬁrmed by
sequencing that S. capitata in milk vacuum ﬂasks was the origin
of an outbreak in four patients in Barcelona [203]. No
subsequent cases occurred when the identiﬁed contaminated
source was withdrawn [203].
Outside the oncology context, S. capitata has been responsible for prosthetic valve endocarditis [204], pneumonia [205],
fungaemia due to contaminated intravenous ﬂuid [206] and
meningitis [207].
Diagnosis

Most cases of S. capitata fungaemia have been diagnosed by
means of blood culture. On solid media, S. capitata colonies are
white to cream and isolates produce true hyphae, pseudohyphae, blastoconidia, arthroconidia and annelloconidia. In vitro and
in vivo studies have revealed that Magnusiomyces capitatus
antigens may cross-react with the Aspergillus galactomannan
assay [208,209]. b-1-3-D-glucan can be detected in vitro in culture
supernatant at amounts of 88% compared with that for Candida
spp. [63], but there is no experience of glucan detection during
invasive human cases. The species can also be identiﬁed by
MALDI-TOF-MS (T. Boekhout, unpublished observation).
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Susceptibility testing and treatment

In vitro susceptibility data suggest that S. capitata is susceptible
to ﬂucytosine (MIC values 0.25–0.5 mg/L), itraconazole,
voriconazole and posaconazole (MIC ranges: 0.12–0.50,
0.25–0.5 and 0.03–0.25 mg/L, respectively), but not to
ﬂuconazole (MIC between 16 and 32 mg/L) [193,202,210].
The MICs for amphotericin B ranged between 0.5 and 2.0
[186]. Saprochaete capitata can be considered intrinsically
resistant to echinocandins and S. capitata was the cause of at
least ﬁve reported episodes of breakthrough infection in
neutropenic patients receiving echinocandins [211,212].
Finally, various combination regimens were not superior to
high-dose ﬂuconazole in an experimental animal model of
Blastoschizomyces capitatus infection (MICs of 8 and 16 mg/L)
[213]. The clinical implication of the conﬂicting observations
regarding in vitro and in vivo activity of ﬂuconazole remains to
be understood.
There are not enough clinical data to assess the optimal
treatment for S. capitata in haematology patients. However,
based on in vitro data and the limited clinical data available, any
amphotericin B formulation with or without ﬂucytosine can be
recommended [186,196]. Failure despite high-dose liposomal
amphotericin B (7 mg/kg) has been reported in the context of
hepatosplenic infection and neutropenic sepsis [191,194].
Voriconazole exhibits a promising activity in vitro [186] and
some authors have suggested the use of voriconazole and
amphotericin B combination therapy [193,214]. Of note, in the
above-mentioned animal model, high-dose ﬂuconazole was
more efﬁcacious than amphotericin B, ﬂucytosine or voriconazole monotherapy [213]. Although echinocandin MIC values
are elevated, isolated case reports have suggested the
potential interest of the combination of caspofungin and
voriconazole [215,216]. The role of echinocandins as part of
combination therapy for S. capitata infections remains to be
clariﬁed.
Early removal of the catheter is an important complementary treatment as it has been the likely source of the infection
in some cases [186,189] and as removal was shown as a
prognostic indicator for success in one study [193]. Other
adjuvant therapies to improve the phagocytic activity such as
colony-stimulating factors, granulocyte transfusions and interferon-c have been combined with antifungal drugs with some
success [194,195,217].
Saprochaete clavata (Geotrichum clavatum), which is closely
related to S. capitata, has only very infrequently been
described as involved in invasive human infection. However,
33 cases of S. clavata invasive infections were recently
reported in France from January 2009 to August 2012, of
which 17 cases were diagnosed within 2 months as part of an
outbreak in haematology wards in 2012 (Vaux, ECCMID 2013,
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O 505). It remains to be determined if the low number of
reported cases is the result of difﬁcult species identiﬁcation
and confusion with related species or if it is indeed a very
uncommon infection outside isolated outbreaks.

Sporobolomyces
Introduction

Sporobolomyces species are usually red-to-orange pigmented
basidiomycetous yeasts, that, next to regular budding cells,
form ballistoconidia. Phylogenetically, they are closely related
to Rhodotorula species. The 53 species occur widely in nature,
especially on leaf surfaces, but also in soil, fruits etc. and
Sporobolomyces is detected in indoor air, particularly in the
summer season [218–221].
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Susceptibility testing and treatment

In vitro susceptibility testing has been investigated for a limited
number of Sporobolomyces salmonicolor isolates and suggests
that this species is intrinsically resistant to ﬂuconazole and
echinocandins (MIC ranges 8–256 and ≥128 mg/L of ﬂuconazole and micafungin, respectively), but susceptible to voriconazole and terbinaﬁne (0.03–2 and 0.06–0.12 mg/L,
respectively) [69]. The MIC range of amphotericin B and
itraconazole was 0.5–8 and 0.03–4 mg/L, respectively, suggesting variable susceptibility [69,230]. Although the available
data are too limited to provide ﬁrm treatment recommendations, ﬁrst-line options may be amphotericin B or voriconazole
whereas echinocandins and ﬂuconazole should be avoided
[69,222,223,225,230]. Susceptibility testing is recommended.

Trichosporon

Risk factors/clinical presentation

Sporobolomyces have been reported as the cause of sporadic
invasive bloodstream infections particularly in AIDS patients
[222,223]. A single case of meningitis due to Sporobolomyces
roseus has been described in an immunocompetent cocaine
abuser presenting with a 1-week history of severe headache
and neck stiffness but no cerebrospinal ﬂuid pleocytosis [224].
The cerebrospinal ﬂuid was culture negative but the yeast was
detected by molecular assays in two separate cerebrospinal
ﬂuid specimens. Amphotericin B has been efﬁcacious in
fungaemic and meningitis cases [222,224]. A single case of
endogenous endophthalmitis due to Sporobolomyces salmonicolor in a patient with a history of pelvic inﬂammatory disease
2 years earlier has been reported [225]. The patient recovered following intravitreal amphotericin B (5 lg) and systemic
voriconazole 200 mg twice daily. Finally, dermatitis due to
Sporobolomyces holsaticus and allergic respiratory disease
linked to Sporobolomyces exposure have been reported
[226–228].

Introduction

Diagnosis

Risk factors/clinical presentation

Colonies of Sporobolomyces species are usually red or orange in
colour and are similar to those of Rhodotorula species. They
differ from the latter by the formation of ballistoconidia that
are actively discharged, which usually lead to the formation of
many small satellite colonies. The optimal growth temperature
is 25–30°C. Some isolates may fail to grow well at 35–37°C
[218]. Species identiﬁcation requires sequence analysis of the
D1/D2 domains and the ITS1 + 2 regions of the rDNA. The
performance of indirect tests such as b-1-3-D-glucan has not
been investigated. Due to the ubiquitous presence of Sporobolomyces contamination, transient colonization or pseudoinfection should be considered [223,224,229].

In humans, Trichosporon has been associated with white piedra
and hypersensitivity pneumonia particularly in hot and humid
climates (16–30%). In the immunocompromised host, invasive
infections such as fungaemia, endocarditis, peritonitis and
meningitis have also been reported. Most common risk factors
for invasive infections are underlying malignant haematological
disease with long-term neutropenia [192,232,233] or with
neutrophil dysfunction such as chronic granulomatous disease
[234]. Finally, a recent report suggests that T. mycotoxinivorans
may be an emerging pulmonary pathogen in patients with cystic
ﬁbrosis [235]. Males more often contract the infection and
predisposing factors are the presence of a CVC, ICU stay,

Trichosporon species are urease-positive, non-encapsulated
basidiomycetous yeasts with no known sexual state. They
are widely distributed in the environment and regularly found
on normal skin, particularly in the peri-genital areas, and
occasionally as part of the normal gastrointestinal or upper
respiratory microﬂora [133,231]. The most characteristic
morphological feature is the formation of cylinder-shaped
arthroconidia in addition to pseudohyphae, septate hyphae and
blastoconidia. The genus has undergone a major taxonomic
reclassiﬁcation and today 37 species are described that belong
to at least ﬁve phylogenetic clades [231]. However, only 16
species have been associated with human infection [231]. The
vast majority of cases is caused by Trichosporon asahii (74%),
followed by T. dermatis (12%) [232]. An obvious challenge in
this respect is that a signiﬁcant part of the existing literature
does not provide a correct or unique species identiﬁcation and
hence species-speciﬁc data are limited.
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peritoneal dialysis, steroid use and cytotoxic chemotherapy
[192,231,232,236]. Previous other fungal systemic infection is
not uncommon and breakthrough cases in patients receiving
ﬂuconazole or echinocandin have been described [237–239].
The infection most commonly presents as fungaemia (75%), in
approximately 50% of the cases associated with metastatic skin
lesions [232,233]. Renal involvement may occur and be
associated with haematuria and funguria [232]. In immunocompromised patients, Trichosporon is increasingly seen at
some centres among invasive yeast infections other than
Candida and Cryptococcus and associated with a mortality rate
of up to 80% [236,240,241], though 55% has been reported in
a more recent report from Taiwan [232]. Of note, rare clinical
cases have been reported in neonates and in intravenous drug
abusers [242–244].
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Triazoles on the other hand have been found to be superior to
other antifungal drug classes in prophylaxis and treatment
[232,238,268]. Most published experience concerns the use of
ﬂuconazole. However, variations in susceptibility in vitro may
suggest that not all species and isolates are equally susceptible
to this agent [257]. Voriconazole is the preferred agent
because it displays good in vitro activity against most Trichosporon species and isolates and has been associated with good
in vivo outcome in most cases of clinical and animal studies
[232,233,256,261,263,269–271]. In addition to triazole treatment, resolution of myelosuppression and removal of vascular
catheters are other confounders related with increased
survival [28,192,231,237,238].

Conclusion

Diagnosis

The cornerstone in the diagnosis of invasive infection is
microscopy (for the detection of fungal disease) and culture.
On solid media, colonies are white, but on CHROMagar
T. asahii forms characteristic dirty green colonies. Trichosporon
species share antigens with Cryptococcus and Aspergillus and a
number of reports have demonstrated cross-reaction for the
cryptococcal antigen and/or galactomannan antigen kits
[57,58,245–249]. Therefore, dual positivity in these tests may
be an indicator of invasive trichosporonosis; however, the
sensitivity and speciﬁcity of this approach has not been deﬁned
[57,231,245]. On the other hand the b-1-3-D-glucan tests have
been associated with a low diagnostic sensitivity for trichosporonosis [245,250,251]. Molecular tests, including direct
detection on blood or formalin-ﬁxed parafﬁn-embedded tissue
samples, are being developed but are not yet standardized
[252–255]. Reliable species identiﬁcation requires molecular
identiﬁcation with sequencing of the ITS 1 + 2 (D1/D2
domain) or even the intergenic spacer region (IGS1) of the
rDNA [256–258]. MALDI-TOF-MS appears to be a promising
identiﬁcation tool (with an extensive database) [259].
Susceptibility testing and treatment

Emerging experience suggests that azoles are the primary drug
class for the treatment of invasive trichosporonosis
[192,232,233,237,238,260,261]. Several of the species are
resistant in vitro to amphotericin B with MICs ≥2 mg/L,
including T. asahii [256,257,262,263]. Trichosporon species are
resistant to ﬂucytosine (MICs 4–128 mg/L) and to the
echinocandins (MICs >16 mg/L) [239,263,264]. In patients
with systemic trichosporonosis and underlying haematological
disease poor response rates (i.e. between 16% and 24%) on
amphotericin B have been reported and therefore this agent is
not recommended for invasive infections [192,231,265–267].

Rare yeasts other than Candida and Cryptococcus neoformans/
gattii are commonly found in the environment and as skin or
mucosal colonizers in humans. Some of them may be
considered as true emergent opportunistic pathogens in
Europe, although the number of reported episodes remains
low because of their low pathogenicity even in patients with
severely compromised immunity, particularly those with
haematological malignancies and a CVC.
Several of these rare yeasts possess intrinsic or variable
resistance to antifungals including echinocandins (to which
only Saccharomyces spp. and K. ohmeri are presumably
susceptible) and even polyenes (Trichosporon spp.) or azoles
(Rhodotorula spp.; some M. capitatus isolates). This may
explain the occurrence of breakthrough infections during
empiric antifungal therapy in neutropenic patients. Amphotericin B is among the recommended ﬁrst-line treatment
options for these infections except for Trichosporon. Combination with ﬂucytosine may be considered particularly in
severe cases or cases where drug penetration may be
suboptimal provided the infecting organism is susceptible. In
agreement with the recommendations provided in the
Candida guideline amphotericin B lipid formulations may
be considered preferable to conventional deoxycholate
amphotericin B for toxicity reasons and liposomal amphotericin B particularly for infections involving the CNS
[3,5,6,272,273].
Genus identiﬁcation is mandatory for clinical management
and should be performed and provided in a timely manner.
Species identiﬁcation of these rare yeasts, however, remains
difﬁcult and often requires reference expertise and adoption of
modern techniques including molecular analysis or MALDI-TOF-MS (with an extensive database). Whether or not the
precise species identiﬁcation (outside cryptococcosis) may
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have an impact on the individual clinical management remains
to be documented; however, its use and value for epidemiological surveillance and outbreak investigation has been
documented beyond doubt.

Acknowledgements
The work behind this guideline has been supported by grants
from ESCMID and ECMM. The guideline draft has been
presented in part at the ECCMID conference 2013 in Berlin.
TB and JFM have been supported by a Qatar National
Research Fund grant NPRP 5-298-3-086.

Transparency Declarations
MCA has received grant support from Astellas Pharma, Gilead
Sciences, Merck Sharp and Dohme (MSD), Pﬁzer and Schering
Plough. She has been a consultant or at the advisory board for
Gilead Sciences, MSD, Pﬁzer, Pcovery and Schering Plough. She
has been paid for talks on behalf of Gilead Sciences, MSD,
Pﬁzer, Astellas Pharma and Schering Plough.
TB has no conﬂict of interst to declare.
MA has received grants and speaker’s fees from Pﬁzer,
Gilead and Merck Sharp and Dohme.
JFM is a consultant for Astellas, Basilea, MSD and Merck, and
received grants or speaker’s fees from Basilea, MSD, Merck,
Schering Plough and Astellas.
OL is a consultant for Novartis, Fab Pharma and Gilead
Sciences, and received grants or speaker’s fees from MSD,
Roche, Astellas, Gilead Sciences and Pﬁzer.
JG has received grant support from Astellas Pharma, Basilea
Pharmaceutica and Fondo de investigaci
on sanitaria (FIS). He
has been paid for talks on behalf of Gilead Sciences, Pﬁzer,
Astellas, Hikma Pharma, United Medical and MSD.
AJU has received research grants from MSD (Schering-Plough), and is/was an advisor or received lecture honorarium from Astellas, Aicuris, Basilea, Gilead, MSD and Pﬁzer.
SAA has received research grants from Pﬁzer and lecture
honoraria from Merck and Pﬁzer.
PM has been advisor and received speaker’s fees from
Astellas, Pﬁzer, Gilead, Merck Sharp and Dohme and Novartis.
FL has received research grant from Gilead and speaker’s
fees from Gilead and MSD.
OAC is supported by the German Federal Ministry of
Research and Education (BMBF 01KN1106), has received
research grants from 3M, Actelion, Astellas, Basilea, Bayer,
Celgene, Cubist, F2G, Genzyme, Gilead, GSK, Merck/MSD,
Miltenyi, Optimer, Pﬁzer, Quintiles and Viropharma, is a

ESCMID/ECMM rare invasive yeast guideline

91

consultant to 3M, Astellas, Basilea, Cubist, F2G, Gilead, GSK,
Merck/MSD, Optimer, Pﬁzer and Sanoﬁ Pasteur, and received
lecture honoraria from Astellas, Gilead, Merck/MSD and Pﬁzer.
LP has received honoraria from Gilead Sciences, Schering-Plough, Astellas Pharma, Merck and Pﬁzer Pharmaceuticals,
he has been speaker for Gilead Sciences, Schering-Plough,
Merck, Pﬁzer Pharmaceuticals and Astellas Pharma.
JM has received research grants and lecture honoraria from
Gilead, MSD (Schering-Plough) and Pﬁzer.

Appendix 1: ESCMID/EFISG Study Group
and ECMM Members Contributing to this
Guideline
Sevtap Arikan-Akdagli, Department of Medical Microbiology,
Mycology Laboratory, Hacettepe University Medical School,
Ankara, Turkey; Manuel Cuenca-Estrella, Servicio de Micologıa,
Centro Nacional de Microbiologıa, Instituto de Salud Carlos III,
Madrid, Spain; Eric Dannaoui, Unite de Parasitologie-Mycologie,
Service de Microbiologie, H^
opital Europeen G. Pompidou,
Universite Paris Descartes, APHP, Paris, France; Anne D. van
Diepeningen, CBS Fungal Biodiversity Centre, Institute of the
Royal Netherlands Academy of Arts and Sciences(KNAW),
Utrecht, The Netherlands; Andreas H. Groll, Infectious
Disease Research Program, Centre for Bone Marrow Transplantation and Department of Paediatric Haematology/Oncology, University Children’s Hospital, M€
unster, Germany; Josep
Guarro, Mycology Unit, Medical School & IISPV, Rovira i Virgili
University, Reus, Spain; Jes
us Guinea, Servicio de Microbiologıa
Clınica y Enfermedades Infecciosas Clinical Microbiology and
Infectious Diseases, Hospital General Universitario Gregorio
n, Madrid, Spain; William Hope, Department of MolecMara~
no
ular and Clinical Pharmacology, The University of Liverpool,
Liverpool, UK; Michaela Lackner and Cornelia Lass-Fl€
orl,
Division of Hygiene and Medical Microbiology, Innsbruck
Medical University, Innsbruck, Austria; Katrien Lagrou, KU
Leuven, Department of Microbiology and Immunology, Clinical
Department of Laboratory Medicine, Leuven, Belgium; Fanny
Lanternier, Unite de Mycologie Moleculaire, Institut Pasteur,
Centre National de Reference Mycoses Invasives et Antifongiques, CNRS URA3012 and Universite Paris Descartes, Service
des Maladies Infectieuses et Tropicales, H^
opital Necker-Enfants
Malades, APHP, Centre d’Infectiologie Necker-Pasteur, IHU
Imagine, Paris, France; Joseph Meletiadis, Clinical Microbiology
Laboratory, Attikon University Hospital, Medical School,
National and Kapodistrian University of Athens, Athens,
Greece, Patricia Munoz, Departamento de Medicina, Clinical
Microbiology and Infectious Diseases, Hospital General Unin, Universidad Complutense,
versitario Gregorio Mara~
no
Madrid, Spain, Livio Pagano, Istituto di Ematologia, Universita

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 3), 76–98

92

Clinical Microbiology and Infection, Volume 20 Supplement 3, April 2014

cattolica S. Cuore, Roma, Italy; Malcolm D. Richardson
Mycology Reference Centre, National Aspergillosis Centre,
University Hospital of South Manchester, and Manchester
Academic Health Science Centre, University of Manchester,
Manchester, UK; Emmanuel Roilides, Infectious Diseases Unit,
3rd Department of Pediatrics, Hipokration Hospital, Aristotle
University, Thessaloniki, Greece, Anna Maria Tortorano,
Department of Biomedical Sciences for Health, Universita degli
Studi di Milano, Milano, Italy; Andrew J. Ullmann, Division of
Infectious Diseases, Department of Internal Medicine II, JuliusMaximilians-University, W€urzburg, Germany.

14.

15.

16.

17.

References
18.
1. Ullmann AJ, Cornely OA, Donnelly JP et al. ESCMID* guideline for
the diagnosis and management of Candida diseases 2012: developing
European guidelines in clinical microbiology and infectious diseases.
Clin Microbiol Infect 2012; 18: 1–8.
2. Cuenca-Estrella M, Verweij PE, Arendrup MC et al. ESCMID*
guideline for the diagnosis and management of Candida diseases
2012: diagnostic procedures. Clin Microbiol Infect 2012; 18: 9–18.
3. Cornely OA, Bassetti M, Calandra T et al. ESCMID* guideline for the
diagnosis and management of Candida diseases 2012: non-neutropenic
adult patients. Clin Microbiol Infect 2012; 18: 19–37.
4. Hope WW, Castagnola E, Groll AH et al. ESCMID* guideline for the
diagnosis and management of Candida diseases 2012: prevention and
management of invasive infections in neonates and children caused by
Candida spp. Clin Microbiol Infect 2012; 18: 38–52.
5. Ullmann AJ, Akova M, Herbrecht R et al. ESCMID* guideline for the
diagnosis and management of Candida diseases 2012: adults with
haematological malignancies and after haematopoietic stem cell
transplantation (HCT). Clin Microbiol Infect 2012; 18: 53–67.
6. Lortholary O, Petrikkos G, Akova M et al. ESCMID* guideline for the
diagnosis and management of Candida diseases 2012: patients with
HIV infection or AIDS. Clin Microbiol Infect 2012; 18: 68–77.
7. Borman AM, Szekely A, Linton CJ, Palmer MD, Brown P, Johnson EM.
Epidemiology, antifungal susceptibility, and pathogenicity of Candida
africana isolates from the United Kingdom. J Clin Microbiol 2013; 51:
967–972.
8. Lee WG, Shin JH, Uh Y et al. First three reported cases of
nosocomial fungemia caused by Candida auris. J Clin Microbiol 2011;
49: 3139–3142.
9. Mirhendi H, Bruun B, Schonheyder HC et al. Differentiation of
Candida glabrata, C. nivariensis and C. bracarensis based on fragment
length polymorphism of ITS1 and ITS2 and restriction fragment length
polymorphism of ITS and D1/D2 regions in rDNA. Eur J Clin Microbiol
Infect Dis 2011; 30: 1409–1416.
10. Agin H, Ayhan Y, Devrim I, Gulﬁdan G, Tulumoglu S, Kayserili E.
Fluconazole-, amphotericin-B-, caspofungin-, and anidulafungin-resistant Candida ciferrii: an unknown cause of systemic mycosis in a child.
Mycopathologia 2011; 172: 237–239.
11. Sullivan DJ, Moran GP, Pinjon E et al. Comparison of the epidemiology, drug resistance mechanisms, and virulence of Candida dubliniensis and Candida albicans. FEMS Yeast Res 2004; 4: 369–376.
12. Bhally HS, Jain S, Shields C, Halsey N, Cristofalo E, Merz WG.
Infection in a neonate caused by Pichia fabianii: importance of
molecular identiﬁcation. Med Mycol 2006; 44: 185–187.
13. Jensen RH, Arendrup MC. Candida palmioleophila: characterisation of a
previously overlooked pathogen and its unique susceptibility proﬁle in

19.

20.
21.
22.

23.
24.
25.

26.
27.

28.

29.

30.

31.

32.

CMI

comparison with ﬁve related species. J Clin Microbiol 2011; 49: 549–
556.
Cendejas-Bueno E, Kolecka A, Alastruey-Izquierdo A et al. Reclassiﬁcation of the Candida haemulonii complex as Candida haemulonii
(C. haemulonii group I), C. duobushaemulonii sp. nov. (C. haemulonii
group II), and C. haemulonii var. vulnera var. nov.: three multiresistant
human pathogenic yeasts. J Clin Microbiol 2012; 50: 3641–3651.
Brandt ME, Kauffman CA, Pappas PG et al. Fungemia caused by
Zygoascus hellenicus in an allogeneic stem cell transplant recipient. J
Clin Microbiol 2004; 42: 3363–3365.
Sugita T, Takeo K, Ohkusu M et al. Fluconazole-resistant pathogens
Candida inconspicua and C. norvegensis: DNA sequence diversity of the
rRNA intergenic spacer region, antifungal drug susceptibility, and
extracellular enzyme production. Microbiol Immunol 2004; 48: 761–
766.
Atkinson BJ, Lewis RE, Kontoyiannis DP. Candida lusitaniae fungemia in
cancer patients: risk factors for amphotericin B failure and outcome.
Med Mycol 2008; 46: 541–546.
Mirhendi H, Bruun B, Schonheyder HC et al. Molecular screening for
Candida orthopsilosis and Candida metapsilosis among Danish Candida
parapsilosis group blood culture isolates: proposal of a new RFLP
proﬁle for differentiation. J Med Microbiol 2010; 59: 414–420.
Pfaller MA, Diekema DJ, Messer SA, Boyken L, Hollis RJ, Jones RN. In
vitro activities of voriconazole, posaconazole, and four licensed
systemic antifungal agents against Candida species infrequently isolated
from blood. J Clin Microbiol 2003; 41: 78–83.
Taylor JW. One Fungus = One Name: DNA and fungal nomenclature
twenty years after PCR. IMA Fungus 2011; 2: 113–120.
Barnett JA, Payne RW, Yarrow D. Yeasts: characteristics and identiﬁcation, 3rd edn. Cambridge: Cambridge University Press, 2007.
Gupta AK, Ryder JE, Nicol K, Cooper EA. Superﬁcial fungal infections:
an update on pityriasis versicolor, seborrheic dermatitis, tinea capitis,
and onychomycosis. Clin Dermatol 2003; 21: 417–425.
Hu SW, Bigby M. Pityriasis versicolor: a systematic review of
interventions. Arch Dermatol 2010; 146: 1132–1140.
Khandpur S, Reddy BS. Itraconazole therapy for white piedra affecting
scalp hair. J Am Acad Dermatol 2002; 47: 415–418.
Bonifaz A, Gomez-Daza F, Paredes V, Ponce RM. Tinea versicolor,
tinea nigra, white piedra, and black piedra. Clin Dermatol 2010; 28:
140–145.
Arendrup MC, Bruun B, Christensen JJ et al. National surveillance of
fungemia in Denmark 2004–2009. J Clin Microbiol 2011; 49: 325–334.
Arendrup MC, Dzajic E, Jensen RH et al. Epidemiological changes with
potential implication for antifungal prescription recommendations for
fungaemia: data from a nationwide fungaemia surveillance programme.
Clin Microbiol Infect 2013; 19: E343–E353.
Chitasombat MN, Kofteridis DP, Jiang Y, Tarrand J, Lewis RE,
Kontoyiannis DP. Rare opportunistic (non-Candida, non-Cryptococcus)
yeast bloodstream infections in patients with cancer. J Infect 2012; 64:
68–75.
Pfaller MA, Diekema DJ, Gibbs DL et al. Results from the ARTEMIS
DISK global antifungal surveillance study, 1997 to 2007: 10.5-year
analysis of susceptibilities of noncandidal yeast species to ﬂuconazole
and voriconazole determined by CLSI standardized disk diffusion
testing. J Clin Microbiol 2009; 47: 117–123.
Duboc De Almeida GM, Figueiredo Costa S, Melhem M et al.
Rhodotorula spp. isolated from blood cultures: clinical and microbiological aspects. Med Mycol 2008; 46: 547–556.
Kurtzman CP. Discussion of teleomorphic and anamorphic ascomycetous yeasts and yeast-like taxa. In: Kurtzman CP, Fell JW, Boekhout
T, eds. The yeasts, a taxonomic study, 5th edn. Amsterdam: Elsevier,
2011; 293–307.
Baron EJ, Weinstein MP, Dunne WM, Yagupsky P, Welsh DF, Wilson
DM. Cumitech 1C, blood cultures IV. Washington, DC: ASM Press, 2005.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 3), 76–98

CMI

Arendrup et al.

33. Arendrup MC, Bille J, Dannaoui E, Ruhnke M, Heussel CP, Kibbler C.
ECIL-3 classical diagnostic procedures for the diagnosis of invasive
fungal diseases in patients with leukaemia. Bone Marrow Transplant
2012; 47: 1030–1045.
34. Arendrup M, Jensen IP, Justesen T. Diagnosing bacteremia at a Danish
hospital using one early large blood volume for culture. Scand J Infect
Dis 1996; 28: 609–614.
35. Arendrup MC, Sulim S, Holm A et al. Diagnostic issues, clinical
characteristics, and outcomes for patients with fungemia. J Clin
Microbiol 2011; 49: 3300–3308.
36. Ericson EL, Klingspor L, Ullberg M, Ozenci V. Clinical comparison of
the Bactec Mycosis IC/F, BacT/Alert FA, and BacT/Alert FN blood
culture vials for the detection of candidemia. Diagn Microbiol Infect Dis
2012; 73: 153–156.
37. Horvath LL, George BJ, Murray CK, Harrison LS, Hospenthal DR.
Direct comparison of the BACTEC 9240 and BacT/ALERT 3D
automated blood culture systems for candida growth detection. J Clin
Microbiol 2004; 42: 115–118.
38. Cateau E, Cognee AS, Tran TC et al. Impact of yeast–bacteria
coinfection on the detection of Candida sp. in an automated blood
culture system. Diagn Microbiol Infect Dis 2012; 72: 328–331.
39. Fonseca A, Fell JW, Boekhout T. Cryptococcus Vuillemin (1901). In:
Kurtzman CP, Fell JW, Boekhout T, eds. The yeasts, a taxonomic study,
5th edn. Amsterdam: Elsevier, 2011; 1616–1737.
40. Dromer F, Lortholary O. Cryptococcosis. In: Magill A, Ryan E,
Solomon T, Hill D, eds. Hunter’s tropical medicine and emerging
infectious disease, 9th edn. Amsterdam: Elsevier, 2012; 1214.
41. Perfect JR, Dismukes WE, Dromer F et al. Clinical practice guidelines
for the management of cryptococcal disease: 2010 update by the
Infectious Diseases Society of America. Clin Infect Dis 2010; 50: 291–322.
42. Singh N, Dromer F, Perfect JR, Lortholary O. Cryptococcosis in solid
organ transplant recipients: current state of the science. Clin Infect Dis
2008; 47: 1321–1327.
43. Jarvis JN, Dromer F, Harrison TS, Lortholary O. Managing cryptococcosis in the immunocompromised host. Curr Opin Infect Dis 2008;
21: 596–603.
44. Khawcharoenporn T, Apisarnthanarak A, Mundy LM. Non-neoformans
cryptococcal infections: a systematic review. Infection 2007; 35: 51–58.
45. McCurdy LH, Morrow JD. Infections due to non-neoformans
cryptococcal species. Compr Ther 2003; 29: 95–101.
46. Pan W, Liao W, Hagen F et al. Meningitis caused by Filobasidium
uniguttulatum: case report and overview of the literature. Mycoses
2012; 55: 105–109.
47. Tintelnot K, Losert H. Isolation of Cryptococcus adeliensis from clinical
samples and the environment in Germany. J Clin Microbiol 2005; 43:
1007.
48. Rimek D, Haase G, Luck A, Casper J, Podbielski A. First report of a
case of meningitis caused by Cryptococcus adeliensis in a patient with
acute myeloid leukemia. J Clin Microbiol 2004; 42: 481–483.
49. Bernal-Martinez L, Gomez-Lopez A, Castelli MV et al. Susceptibility
proﬁle of clinical isolates of non-Cryptococcus neoformans/non-Cryptococcus gattii Cryptococcus species and literature review. Med Mycol
2010; 48: 90–96.
50. Burnik C, Altintas ND, Ozkaya G et al. Acute respiratory distress
syndrome due to Cryptococcus albidus pneumonia: case report and
review of the literature. Med Mycol 2007; 45: 469–473.
51. Okoli I, Oyeka CA, Kwon-Chung KJ et al. Cryptotrichosporon anacardii
gen. nov., sp. nov., a new trichosporonoid capsulate basidiomycetous
yeast from Nigeria that is able to form melanin on niger seed agar.
FEMS Yeast Res 2007; 7: 339–350.
52. Petter R, Kang B, Boekhout T, Davis B, Kwon-Chung K. A survey of
heterobasidiomycetous yeasts for the presence of the genes homologous to virulence factors of Filobasidiella neoformans, CNLAC1 and
CAP59. Microbiology 2001; 147: 2029–2036.

ESCMID/ECMM rare invasive yeast guideline

93

53. Bovers M, Diaz MR, Hagen F et al. Identiﬁcation of genotypically
diverse Cryptococcus neoformans and Cryptococcus gattii isolates by
Luminex xMAP technology. J Clin Microbiol 2007; 45: 1874–1883.
54. Firacative C, Trilles L, Meyer W. MALDI-TOF MS enables the rapid
identiﬁcation of the major molecular types within the Cryptococcus
neoformans/C. gattii species complex. PLoS ONE 2012; 7: e37566.
55. McTaggart LR, Lei E, Richardson SE, Hoang L, Fothergill A, Zhang SX.
Rapid identiﬁcation of Cryptococcus neoformans and Cryptococcus gattii
by matrix-assisted laser desorption ionization-time of ﬂight mass
spectrometry. J Clin Microbiol 2011; 49: 3050–3053.
56. Posteraro B, Vella A, Cogliati M et al. Matrix-assisted laser desorption
ionization–time of ﬂight mass spectrometry-based method for
discrimination between molecular types of Cryptococcus neoformans
and Cryptococcus gattii. J Clin Microbiol 2012; 50: 2472–2476.
57. Fekkar A, Brun S, D’Ussel M et al. Serum cross-reactivity with
Aspergillus Galactomannan and Cryptococcal antigen during fatal
disseminated Trichosporon dermatis infection. Clin Infect Dis 2009; 49:
1457–1458.
58. Lyman CA, Devi SJ, Nathanson J, Frasch CE, Pizzo PA, Walsh TJ.
Detection and quantitation of the glucuronoxylomannan-like polysaccharide antigen from clinical and nonclinical isolates of Trichosporon
beigelii and implications for pathogenicity. J Clin Microbiol 1995; 33:
126–130.
59. Yeo SF, Wong B. Current status of nonculture methods for diagnosis
of invasive fungal infections. Clin Microbiol Rev 2002; 15: 465–484.
60. Westerink MA, Amsterdam D, Petell RJ, Stram MN, Apicella MA.
Septicemia due to DF-2. Cause of a false-positive cryptococcal latex
agglutination result. Am J Med 1987; 83: 155–158.
61. Chanock SJ, Toltzis P, Wilson C. Cross-reactivity between Stomatococcus mucilaginosus and latex agglutination for cryptococcal antigen.
Lancet 1993; 342: 1119–1120.
62. Blevins LB, Fenn J, Segal H, Newcomb-Gayman P, Carroll KC.
False-positive cryptococcal antigen latex agglutination caused by
disinfectants and soaps. J Clin Microbiol 1995; 33: 1674–1675.
63. Odabasi Z, Paetznick VL, Rodriguez JR, Chen E, McGinnis MR,
Ostrosky-Zeichner L. Differences in b-glucan levels in culture
supernatants of a variety of fungi. Med Mycol 2006; 44: 267–272.
64. Ostrosky-Zeichner L, Alexander BD, Kett DH et al. Multicenter
clinical evaluation of the (1?3) b-D-glucan assay as an aid to diagnosis
of fungal infections in humans. Clin Infect Dis 2005; 41: 654–659.
65. Dalle F, Charles PE, Blanc K et al. Cryptococcus neoformans galactoxylomannan contains an epitope(s) that is cross-reactive with
Aspergillus galactomannan. J Clin Microbiol 2005; 43: 2929–2931.
66. McMullan BJ, Halliday C, Sorrell TC et al. Clinical utility of the
cryptococcal antigen lateral ﬂow assay in a diagnostic mycology
laboratory. PLoS ONE 2012; 7: e49541.
67. Hansen J, Slechta ES, Gates-Hollingsworth MA et al. Large scale
evaluation of the Immuno-Mycologics Inc. (IMMY) lateral ﬂow and
enzyme-linked immunoassays for the detection of cryptococcal
antigen in serum and cerebrospinal ﬂuid. Clin Vaccine Immunol 2013;
20: 52–55.
68. Jarvis JN, Percival A, Bauman S et al. Evaluation of a novel
point-of-care cryptococcal antigen test on serum, plasma, and urine
from patients with HIV-associated cryptococcal meningitis. Clin Infect
Dis 2011; 53: 1019–1023.
69. Serena C, Pastor FJ, Ortoneda M, Capilla J, Nolard N, Guarro J. In vitro
antifungal susceptibilities of uncommon basidiomycetous yeasts.
Antimicrob Agents Chemother 2004; 48: 2724–2726.
70. Quindos G, Ruesga MT, Martin-Mazuelos E et al. In-vitro activity of
5-ﬂuorocytosine against 1,021 Spanish clinical isolates of Candida and
other medically important yeasts. Rev Iberoam Micol 2004; 21: 63–69.
71. Shimokawa O, Niimi M, Kikuchi K, Saito M, Kajiwara H, Yoshida S.
Relationship between MIC and minimum sterol 14a-demethylation-inhibitory concentration as a factor in evaluating activities of

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 3), 76–98

94

72.

73.

74.

75.
76.

77.

78.

79.

80.
81.

82.

83.
84.

85.

86.

87.

88.

89.

90.

91.

Clinical Microbiology and Infection, Volume 20 Supplement 3, April 2014

azoles against various fungal species. J Clin Microbiol 2005; 43: 5547–
5549.
Pedroso RS, Ferreira JC, Candido RC. In vitro susceptibility to
antifungal agents of environmental Cryptococcus spp. isolated in the
city of Ribeirao Preto, Sao Paulo, Brazil. Mem Inst Oswaldo Cruz 2006;
101: 239–243.
Kordossis T, Avlami A, Velegraki A et al. First report of Cryptococcus
laurentii meningitis and a fatal case of Cryptococcus albidus cryptococcaemia in AIDS patients. Med Mycol 1998; 36: 335–339.
Garcia-Martos P, Noval JF, Garcia-Tapia A, Marin P, Puerto JL,
Sepulveda A. Susceptibility to antifungal agents of Cryptococcus species
of clinical interest. Med Clin (Barc) 2002; 119: 211–213.
Kassamali H, Anaissie E, Ro J et al. Disseminated Geotrichum candidum
infection. J Clin Microbiol 1987; 25: 1782–1783.
Anaissie E, Bodey GP, Kantarjian H et al. New spectrum of
fungal infections in patients with cancer. Rev Infect Dis 1989; 11:
369–378.
Henrich TJ, Marty FM, Milner DA Jr, Thorner AR. Disseminated
Geotrichum candidum infection in a patient with relapsed acute
myelogenous leukemia following allogeneic stem cell transplantation
and review of the literature. Transpl Infect Dis 2009; 11: 458–462.
Sfakianakis A, Krasagakis K, Stefanidou M et al. Invasive cutaneous
infection with Geotrichum candidum – sequential treatment with
amphotericin B and voriconazole. Med Mycol 2007; 45: 81–84.
Andre N, Coze C, Gentet JC, Perez R, Bernard JL. Geotrichum
candidum septicemia in a child with hepatoblastoma. Pediatr Infect Dis J
2004; 23: 86.
Ng KP, Soo-Hoo TS, Koh MT, Kwan PW. Disseminated Geotrichum
infection. Med J Malaysia 1994; 49: 424–426.
Wildfeuer A, Seidl HP, Paule I, Haberreiter A. In vitro evaluation of
voriconazole against clinical isolates of yeasts, moulds and dermatophytes in comparison with itraconazole, ketoconazole, amphotericin
B and griseofulvin. Mycoses 1998; 41: 309–319.
Cordoba S, Vivot W, Bosco-Borgeat ME et al. Species distribution and
susceptibility proﬁle of yeasts isolated from blood cultures: results of
a multicenter active laboratory-based surveillance study in Argentina.
Rev Argent Microbiol 2011; 43: 176–185.
Taj-Aldeen SJ, Doiphode SH, Han XY. Kodamaea (Pichia) ohmeri
fungaemia in a premature neonate. J Med Microbiol 2006; 55: 237–239.
Chakrabarti A, Rudramurthy SM, Kale P et al. Kodamaea ohmeri
fungemia is not an uncommon entity in india: need for a systematic
study. IDSA annual meeting 2010; M-652.
De Barros JD, Do Nascimento SM, De Araujo FJ et al. Kodamaea
(Pichia) ohmeri fungemia in a pediatric patient admitted in a public
hospital. Med Mycol 2009; 47: 775–779.
Al-Sweih N, Khan ZU, Ahmad S et al. Kodamaea ohmeri as an
emerging pathogen: a case report and review of the literature. Med
Mycol 2011; 49: 766–770.
Sundaram PS, Bijulal S, Tharakan JA, Antony M. Kodamaea ohmeri
tricuspid valve endocarditis with right ventricular inﬂow obstruction
in a neonate with structurally normal heart. Ann Pediatr Cardiol 2011;
4: 77–80.
Santino I, Bono S, Borruso L et al. Kodamaea ohmeri isolate from two
immunocompromised patients: ﬁrst report in Italy. Mycoses 2013; 56:
179–181.
Menon T, Herrera M, Periasamy S, Palanivelu V, Sikhamani R, Wickes
B. Oral candidiasis caused by Kodamaea ohmeri in a HIV patient in
Chennai, India. Mycoses 2010; 53: 458–459.
Mahfouz RA, Otrock ZK, Mehawej H, Farhat F. Kodamaea (Pichia)
ohmeri fungaemia complicating acute myeloid leukaemia in a patient
with haemochromatosis. Pathology 2008; 40: 99–101.
Chiu CH, Wang YC, Shang ST, Chang FY. Kodamaea ohmeri fungaemia
successfully treated with caspofungin. Int J Antimicrob Agents 2010; 35:
98–99.

CMI

92. Yang BH, Peng MY, Hou SJ, Sun JR, Lee SY, Lu JJ. Fluconazole-resistant
Kodamaea ohmeri fungemia associated with cellulitis: case report and
review of the literature. Int J Infect Dis 2009; 13: e493–e497.
93. Shaaban H, Choo HF, Boghossian J, Perez G. Kodamaea ohmeri
fungemia in an immunocompetent patient treated with micafungin:
case report and review of the literature. Mycopathologia 2010; 170:
223–228.
94. Lee JS, Shin JH, Kim MN et al. Kodamaea ohmeri isolates from patients
in a university hospital: identiﬁcation, antifungal susceptibility, and
pulsed-ﬁeld gel electrophoresis analysis. J Clin Microbiol 2007; 45:
1005–1010.
95. Otag F, Kuyucu N, Erturan Z, Sen S, Emekdas G, Sugita T. An
outbreak of Pichia ohmeri infection in the paediatric intensive care unit:
case reports and review of the literature. Mycoses 2005; 48: 265–269.
96. Reina JP, Larone DH, Sabetta JR, Krieger KK, Hartman BJ. Pichia
ohmeri prosthetic valve endocarditis and review of the literature.
Scand J Infect Dis 2002; 34: 140–141.
97. Gaitanis G, Magiatis P, Hantschke M, Bassukas ID, Velegraki A. The
Malassezia genus in skin and systemic diseases. Clin Microbiol Rev 2012;
25: 106–141.
98. Chang HJ, Miller HL, Watkins N et al. An epidemic of Malassezia
pachydermatis in an intensive care nursery associated with colonization
of health care workers’ pet dogs. N Engl J Med 1998; 338: 706–711.
99. Gueho E, Simmons RB, Pruitt WR, Meyer SA, Ahearn DG.
Association of Malassezia pachydermatis with systemic infections of
humans. J Clin Microbiol 1987; 25: 1789–1790.
100. Morris DO. Malassezia pachydermatis carriage in dog owners. Emerg
Infect Dis 2005; 11: 83–88.
101. Chryssanthou E, Broberger U, Petrini B. Malassezia pachydermatis
fungaemia in a neonatal intensive care unit. Acta Paediatr 2001; 90: 323–
327.
102. Mickelsen PA, Viano-Paulson MC, Stevens DA, Diaz PS. Clinical and
microbiological features of infection with Malassezia pachydermatis in
high-risk infants. J Infect Dis 1988; 157: 1163–1168.
103. van Belkum A, Boekhout T, Bosboom R. Monitoring spread of
Malassezia infections in a neonatal intensive care unit by PCR-mediated genetic typing. J Clin Microbiol 1994; 32: 2528–2532.
104. Redline RW, Redline SS, Boxerbaum B, Dahms BB. Systemic
Malassezia furfur infections in patients receiving intralipid therapy.
Hum Pathol 1985; 16: 815–822.
105. Morrison VA, Weisdorf DJ. The spectrum of Malassezia infections in
the bone marrow transplant population. Bone Marrow Transplant 2000;
26: 645–648.
106. Tragiannidis A, Bisping G, Koehler G, Groll AH. Minireview:
Malassezia infections in immunocompromised patients. Mycoses
2010; 53: 187–195.
107. Marcon MJ, Powell DA, Durrell DE. Methods for optimal recovery of
Malassezia furfur from blood culture. J Clin Microbiol 1986; 24: 696–700.
108. Nelson SC, Yau YC, Richardson SE, Matlow AG. Improved detection
of Malassezia species in lipid-supplemented Peds Plus blood culture
bottles. J Clin Microbiol 1995; 33: 1005–1007.
109. Guillot J, Gueho E. The diversity of Malassezia yeasts conﬁrmed by
rRNA sequence and nuclear DNA comparisons. Antonie Van Leeuwenhoek 1995; 67: 297–314.
110. Sugita T, Suzuki M, Goto S et al. Quantitative analysis of the
cutaneous Malassezia microbiota in 770 healthy Japanese by age and
gender using a real-time PCR assay. Med Mycol 2010; 48: 229–233.
111. Gupta AK, Boekhout T, Theelen B, Summerbell R, Batra R.
Identiﬁcation and typing of Malassezia species by ampliﬁed fragment
length polymorphism and sequence analyses of the internal transcribed spacer and large-subunit regions of ribosomal DNA. J Clin
Microbiol 2004; 42: 4253–4260.
112. Gueho-Kellermann E, Boekhout T, Begerow D. Biodiversity, phylogeny and ultrastructure. In: Boekhout T, Gueho E, Mayser P, Velegraki

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 3), 76–98

CMI

113.

114.

115.

116.
117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.
128.

129.

130.
131.

132.

133.

Arendrup et al.

A, eds. Malassezia and the skin. Science and clinical practice.
Heidelberg: Springer, 2010; 17–63.
Cafarchia C, Figueredo LA, Favuzzi V et al. Assessment of the
antifungal susceptibility of Malassezia pachydermatis in various media
using a CLSI protocol. Vet Microbiol 2012; 159: 536–540.
Jesus FPK, Lautert C, Zanette RA et al. In vitro susceptibility of
ﬂuconazole-susceptible and -resistant isolates of Malassezia pachydermatis against azoles. Vet Microbiol 2011; 152: 161–164.
Cafarchia C, Figueredo LA, Iatta R, Colao V, Montagna MT, Otranto
D. In vitro evaluation of Malassezia pachydermatis susceptibility to azole
compounds using E-test and CLSI microdilution methods. Med Mycol
2012; 50: 795–801.
Ashbee HR. Update on the genus Malassezia. Med Mycol 2007; 45:
287–303.
Devlin RK. Invasive fungal infections caused by Candida and Malassezia
species in the neonatal intensive care unit. Adv Neonatal Care 2006; 6:
68–77.
Gerin M, Mahlaoui N, Elie C et al. Therapeutic drug monitoring of
voriconazole after intravenous administration in infants and children
with primary immunodeﬁciency. Ther Drug Monit 2011; 33: 464–466.
Pieper S, Kolve H, Gumbinger HG, Goletz G, W€urthwein G, Groll AH.
Monitoring of voriconazole plasma concentrations in immunocompromised paediatric patients. J Antimicrob Chemother 2012; 67: 2717–2724.
Bartelink IH, Wolfs T, Jonker M et al. Highly variable plasma concentrations of voriconazole in pediatric hematopoietic stem cell transplantation patients. Antimicrob Agents Chemother 2013; 57: 235–240.
Sugita T, Takashima M, Poonwan N et al. The ﬁrst isolation of
ustilaginomycetous anamorphic yeasts, Pseudozyma species, from
patients’ blood and a description of two new species: P. parantarctica
and P. thailandica. Microbiol Immunol 2003; 47: 183–190.
Lin SS, Pranikoff T, Smith SF et al. Central venous catheter infection
associated with Pseudozyma aphidis in a child with short gut syndrome.
J Med Microbiol 2008; 57: 516–518.
Prakash A, Wankhede S, Singh PK et al. First neonatal case of
fungemia due to Pseudozyma aphidis and a global literature review.
Mycoses 2013. doi: 10.1111/myc.12098. [Epub ahead of print].
de Carvalho Parahym AMR, da Silva CM, Domingos IDF et al. Pulmonary
infection due to Pseudozyma aphidis in a patient with Burkitt lymphoma:
ﬁrst case report. Diagn Microbiol Infect Dis 2013; 75: 104–106.
Hwang S, Kim J, Yoon S et al. First report of brain abscess associated
with Pseudozyma species in a patient with astrocytoma. Korean J Lab
Med 2013; 30: 284–288.
Chen B, Zhu LY, Xuan X et al. Isolation of both Pseudozyma aphidis
and Nocardia otitidiscaviarum from a mycetoma on the leg. Int J
Dermatol 2011; 50: 714–719.
Wirth F, Goldani LZ. Epidemiology of Rhodotorula: an emerging
pathogen. Interdiscip Perspect Infect Dis 2012; 2012: 465717.
Sampaio JP. Rhodotorula Harrison (1928). In: Kurtzman CP, Fell JW,
Boekhout T, eds. The yeasts, a taxonomic study, 5th edn. Amsterdam:
Elsevier, 2011; 1873–1927.
Biswas SK, Yokoyama K, Nishimura K, Miyaji M. Molecular phylogenetics of the genus Rhodotorula and related basidiomycetous yeasts
inferred from the mitochondrial cytochrome b gene. Int J Syst Evol
Microbiol 2001; 51: 1191–1199.
Tuon FF, Costa SF. Rhodotorula infection. A systematic review of 128
cases from literature. Rev Iberoam Micol 2008; 25: 135–140.
Garcia-Suarez J, Gomez-Herruz P, Cuadros JA, Burgaleta C. Epidemiology and outcome of Rhodotorula infection in haematological
patients. Mycoses 2011; 54: 318–324.
Tuon FF, de Almeida GM, Costa SF. Central venous catheter-associated fungemia due to Rhodotorula spp. – a systematic review. Med
Mycol 2007; 45: 441–447.
Miceli MH, Diaz JA, Lee SA. Emerging opportunistic yeast infections.
Lancet Infect Dis 2011; 11: 142–151.

ESCMID/ECMM rare invasive yeast guideline

95

134. Lunardi LW, Aquino VR, Zimerman RA, Goldani LZ. Epidemiology
and outcome of Rhodotorula fungemia in a tertiary care hospital. Clin
Infect Dis 2006; 43: e60–e63.
135. Fores R, Ramos A, Orden B et al. Rhodotorula species fungaemia
causes low mortality in haematopoietic stem-cell transplantation. A
case report and review. Mycoses 2012; 55: e158–e162.
136. Perniola R, Faneschi ML, Manso E et al. Rhodotorula mucilaginosa
outbreak in neonatal intensive care unit: microbiological features,
clinical presentation, and analysis of related variables. Eur J Clin
Microbiol Infect Dis 2006; 25: 193–196.
137. Gyaurgieva OH, Bogomolova TS, Gorshkova GI. Meningitis caused by
Rhodotorula rubra in an HIV-infected patient. J Med Vet Mycol 1996; 34:
357–359.
138. Unal A, Koc AN, Sipahioglu MH et al. CAPD-related peritonitis
caused by Rhodotorula mucilaginosa. Perit Dial Int 2009; 29: 581–582.
139. Maeder M, Vogt PR, Schaer G, von Graevenitz A, Gunthard HF.
Aortic homograft endocarditis caused by Rhodotorula mucilaginosa.
Infection 2003; 31: 181–183.
140. Baradkar VP, Kumar S. Meningitis caused by Rhodotorula mucilaginosa
in human immunodeﬁciency virus seropositive patient. Ann Indian Acad
Neurol 2008; 11: 245–247.
141. Elias ML, Soliman AK, Mahoney FJ et al. Isolation of Cryptococcus,
Candida, Aspergillus, Rhodotorula and Nocardia from meningitis patients
in Egypt. J Egypt Public Health Assoc 2009; 84: 169–181.
142. Savini V, Sozio F, Catavitello C et al. Femoral prosthesis infection by
Rhodotorula mucilaginosa. J Clin Microbiol 2008; 46: 3544–3545.
143. Shinde RS, Mantur BG, Patil G, Parande MV, Parande AM. Meningitis
due to Rhodotorula glutinis in an HIV infected patient. Indian J Med
Microbiol 2008; 26: 375–377.
144. Villar JM, Velasco CG, Delgado JD. Fungemia due to Rhodotorula
mucilaginosa in an immunocompetent, critically ill patient. J Infect
Chemother 2012; 18: 581–583.
145. Pinna A, Carta F, Zanetti S, Sanna S, Sechi LA. Endogenous Rhodotorula
minuta and Candida albicans endophthalmitis in an injecting drug user.
Br J Ophthalmol 2001; 85: 754.
146. Spiliopoulou A, Anastassiou ED, Christoﬁdou M. Rhodotorula fungemia
of an intensive care unit patient and review of published cases.
Mycopathologia 2012; 174: 301–309.
147. Mori T, Nakamura Y, Kato J et al. Fungemia due to Rhodotorula
mucilaginosa after allogeneic hematopoietic stem cell transplantation.
Transpl Infect Dis 2012; 14: 91–94.
148. Garcia-Suarez J, Gomez-Herruz P, Cuadros JA, Guillen H, Burgaleta
C. Rhodotorula mucilaginosa catheter-related fungaemia in a patient
with multiple myeloma. Mycoses 2011; 54: e214–e216.
149. Poikonen E, Lyytikainen O, Anttila VJ et al. Secular trend in
candidemia and the use of ﬂuconazole in Finland, 2004–2007. BMC
Infect Dis 2010; 10: 312.
150. Khodavaisy S, Nabili M, Davari B, Vahedi M. Evaluation of bacterial
and fungal contamination in the health care workers’ hands and rings
in the intensive care unit. J Prev Med Hyg 2011; 52: 215–218.
151. Pfaller MA, Diekema DJ. Rare and emerging opportunistic fungal
pathogens: concern for resistance beyond Candida albicans and
Aspergillus fumigatus. J Clin Microbiol 2004; 42: 4419–4431.
152. Hall L, Le Febre KM, Deml SM, Wohlﬁel SL, Wengenack NL.
Evaluation of the yeast trafﬁc light PNA FISH probes for identiﬁcation
of Candida species from positive blood cultures. J Clin Microbiol 2012;
50: 1446–1448.
153. Diekema DJ, Petroelje B, Messer SA, Hollis RJ, Pfaller MA. Activities
of available and investigational antifungal agents against Rhodotorula
species. J Clin Microbiol 2005; 43: 476–478.
154. Nunes JM, Bizerra FC, Ferreira RC, Colombo AL. Molecular
identiﬁcation, antifungal susceptibility proﬁle and bioﬁlm formation
of clinical and environmental Rhodotorula spp. isolates. Antimicrob
Agents Chemother 2013; 57: 382–389.

ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 3), 76–98

96

Clinical Microbiology and Infection, Volume 20 Supplement 3, April 2014

155. Arendrup MC, Cuenca-Estrella M, Lass-Fl€
orl C, Hope WW; The
European Committee on Antimicrobial Susceptibility Testing Subcommittee on Antifungal Susceptibility Testing (EUCAST-AFST).
EUCAST technical note on Aspergillus and amphotericin-B, itraconazole, and posaconazole. Clin Microbiol Infect 2012; 17: E248–E250.
156. Subcommittee on Antifungal Susceptibility Testing (AFST) of the
ESCMID European Committee for Antimicrobial Susceptibility Testing (EUCAST). EUCAST technical note on voriconazole. Clin Microbiol
Infect 2008; 14: 985–987.
157. Hope WW, Cuenca-Estrella M, Lass-Florl C, Arendrup MC. EUCAST
technical note on voriconazole and Aspergillus spp. Clin Microbiol Infect
2013; 19: E278–E280.
158. Preney L, Theraud M, Guiguen C, Gangneux JP. Experimental
evaluation of antifungal and antiseptic agents against Rhodotorula spp.
Mycoses 2003; 46: 492–495.
159. Gomez-Lopez A, Mellado E, Rodriguez-Tudela JL, Cuenca-Estrella M.
Susceptibility proﬁle of 29 clinical isolates of Rhodotorula spp. and
literature review. J Antimicrob Chemother 2005; 55: 312–316.
160. Caira M, Trecarichi EM, Tumbarello M, Leone G, Pagano L.
Uncommon yeast infections in hematological patients: from diagnosis
to treatment. Expert Rev Anti Infect Ther 2011; 9: 1067–1075.
161. Anatoliotaki M, Mantadakis E, Galanakis E, Samonis G. Rhodotorula
species fungemia: a threat to the immunocompromised host. Clin Lab
2003; 49: 49–55.
162. de Zoysa JR, Searle M, Lynn KL, Robson RA. Successful treatment of
CAPD peritonitis caused by Rhodotorula mucilaginosa. Perit Dial Int
2001; 21: 627–628.
163. Asim M, Meigh JA, Farr MJ. Fungal peritonitis caused by Candida
parapsilosis and subsequently Rhodotorula glutinis in a CAPD patient.
Perit Dial Int 1999; 19: 183.
164. Samonis G, Anatoliotaki M, Apostolakou H, Maraki S, Mavroudis D,
Georgoulias V. Transient fungemia due to Rhodotorula rubra in a cancer
patient: case report and review of the literature. Infection 2001; 29: 173–
176.
165. Edwards-Ingram LC, Gent ME, Hoyle DC, Hayes A, Stateva LI, Oliver
SG. Comparative genomic hybridization provides new insights into
the molecular taxonomy of the Saccharomyces sensu stricto complex.
Genome Res 2004; 14: 1043–1051.
166. Edwards-Ingram L, Gitsham P, Burton N et al. Genotypic and
physiological characterization of Saccharomyces boulardii, the probiotic
strain of Saccharomyces cerevisiae. Appl Environ Microbiol 2007; 73:
2458–2467.
167. Riaz M, Alam S, Malik A, Ali SM. Efﬁcacy and safety of Saccharomyces
boulardii in acute childhood diarrhea: a double blind randomised
controlled trial. Indian J Pediatr 2012; 79: 478–482.
168. de Llanos R, Llopis S, Molero G, Querol A, Gil C, Fernandez-Espinar
MT. In vivo virulence of commercial Saccharomyces cerevisiae strains
with pathogenicity-associated phenotypical traits. Int J Food Microbiol
2011; 144: 393–399.
169. Czeruckat D, Piche P, Rampal P. Review article: yeast as probiotics – Saccharomyces boulardii. Aliment Pharmacol Ther 2007; 26: 767–778.
170. Richter SS, Galask RP, Messer SA, Hollis RJ, Diekema DJ, Pfaller MA.
Antifungal susceptibilities of Candida species causing vulvovaginitis and
epidemiology of recurrent cases. J Clin Microbiol 2005; 43: 2155–2162.
171. Thygesen JB, Glerup H, Tarp B. Saccharomyces boulardii fungemia caused
by treatment with a probioticum. BMJ Case Rep 2012. doi: 10.1136/bcr.
06.2011.4412
172. Stefanatou E, Kompoti M, Paridou A et al. Probiotic sepsis due to
Saccharomyces fungaemia in a critically ill burn patient. Mycoses 2011;
54: e643–e646.
173. Basseti S, Frei R, Zimmerli W. Fungemia with Saccharomyces cerevisiae
after treatment with Saccharomyces boulardii. Am J Med 1998; 105: 71–72.
174. de Llanos R, Querol A, Peman J, Gobernado M, Fernandez-Espinar
MT. Food and probiotic strains from the Saccharomyces cerevisiae

175.

176.

177.

178.
179.

180.

181.

182.

183.

184.

185.

186.

187.
188.

189.

190.

191.

192.

193.

194.

CMI

species as a possible origin of human systemic infections. Int J Food
Microbiol 2006; 110: 286–290.
Herbrecht R, Nivoix Y. Saccharomyces cerevisiae fungemia: an adverse
effect of Saccharomyces boulardii probiotic administration. Clin Infect
Dis 2005; 40: 1635–1637.
Munoz P, Bouza E, Cuenca-Estrella M et al. Saccharomyces cerevisiae
fungemia: an emerging infectious disease. Clin Infect Dis 2005; 40:
1625–1634.
Graf C, Gavazzi G. Saccharomyces cerevisiae fungemia in an immunocompromised patient not treated with Saccharomyces boulardii preparation. J Infect 2007; 54: 310–311.
Enache-Angoulvant A, Hennequin C. Invasive Saccharomyces infection:
a comprehensive review. Clin Infect Dis 2005; 41: 1559–1568.
Rimek D, Redetzke K, Singh J, Heinrich K, Kappe R. Performance des
Candida-Mannan-Antigennachweises bei Patienten mit Fung€amien.
Mycoses 2004; 47: 23–26.
Yoshida M, Obayashi T, Iwama A et al. Detection of plasma (1?
3)-b-D-glucan in patients with Fusarium, Trichosporon, Saccharomyces
and Acremonium fungaemias. J Med Vet Mycol 1997; 35: 371–374.
Thompson GR III, Wiederhold NP, Sutton DA, Fothergill A,
Patterson TF. In vitro activity of isavuconazole against Trichosporon,
Rhodotorula, Geotrichum, Saccharomyces and Pichia species. J Antimicrob
Chemother 2009; 64: 79–83.
Lolis N, Veldekis D, Moraitou H et al. Saccharomyces boulardii
fungaemia in an intensive care unit patient treated with caspofungin.
Crit Care 2008; 12: 414.
Choi G, Meijer SL, Hazenberg MD. Disseminated bread yeast
fungaemia in a baker’s wife with acute myeloid leukaemia. Br J
Haematol 2012; 158: 298.
Tiballi RN, Spiegel JE, Zarins LT, Kauffman CA. Saccharomyces cerevisiae
infections and antifungal susceptibility studies by colorimetric and broth
macrodilution methods. Diagn Microbiol Infect Dis 1995; 23: 135–140.
Hamoud S, Keidar Z, Hayek T. Recurrent Saccharomyces cerevisiae
fungemia in an otherwise healthy patient. Isr Med Assoc J 2011; 13:
575–576.
Gadea I, Cuenca-Estrella M, Prieto E et al. Genotyping and antifungal
susceptibility proﬁle of Dipodascus capitatus isolates causing disseminated infection in seven hematological patients of a tertiary hospital. J
Clin Microbiol 2004; 42: 1832–1836.
Aalbaek B, Stenderup J, Jensen HE, Valbak J, Nylin B, Huda A. Mycotic
and algal bovine mastitis in Denmark. APMIS 1994; 102: 451–456.
€ uz Z, Serin MS, lkit M, de Hoog GS. Dishwashers
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