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Our understanding of the causative agents of fungal 
diseases has changed considerably in recent years 
due to molecular studies that compare DNA across 
a wide range of fungi, including human and animal 
pathogens. In many cases, what had once been under-
stood as traditional species were found to be species 
complexes. Importantly, members of such complexes 
may differ in pathogenicity and susceptibility to 
antifungals, which suggests a need for accurate iden-
tifi cation to provide optimal patient care. This article 
presents a few striking examples from Zygomycetes, 
Ascomycetes, and Basidiomycetes.

Introduction
Taxonomic concepts of clinically relevant fungi have 
changed considerably in the past decade (Fig. 1). This 
is mainly due to the large-scale introduction of molecu-
lar studies that compare one or more stretches of DNA 
across a wide range of fungi, including human and animal 
pathogens [1•]. As a result, a novel higher-level taxonomy 
has been proposed for the fungal kingdom [2]. One of the 
most striking discoveries was the recognition that Pneu-
mocystis is a fungus, as this organism was previously 
considered a parasite. Importantly, the number of human 
pathogenic species have increased considerably in almost 
all studied genera. In several cases, signifi cant conceptual 
changes have resulted. For instance, in the case of Malas-
sezia, M. restricta and M. globosa are involved in many 
skin disorders, and not necessarily only M. furfur, which 
had been believed to be the primary pathogen. A further 
consequence of these developments in modern medical 
mycology is that many newly recognized, clinically rel-
evant species may differ in susceptibility to commonly 
used antifungals. Therefore, correct identifi cation of the 

new pathogens is highly important for proper patient 
management. Unfortunately, most clinical microbiology 
laboratories do not have the capacity or knowledge to 
identify new species recognized in these so-called spe-
cies complexes. This need can, however, be fulfi lled by 
research and/or reference laboratories in many countries. 
This article discusses some of these taxonomy-related 
trends and their consequences for clinical practice, such 
as therapeutic choices.

Zygomycetes
Recent phylogenetic studies based on data from several 
loci favor a polyphyletic origin of the Zygomycota (Fig. 1) 
[1•,2]. Two subphyla of Zygomycota, namely Mucoromy-
cotina and Entomophthoromycotina, contain agents of 
human zygomycosis. The Entomophthoromycotina, with 
the single order Entomophthorales, include the clinically 
relevant Conidiobolus, whereas the clinically important 
genus Basidiobolus, previously listed in the same order, was 
excluded and is now assigned to the order Basidiobolus. 
However,  Basidiobolus is not yet classifi ed as a higher 
taxon because of its unresolved position close to the fl agel-
lated genus Olpidium [1•,2].

The following genera or species have been associated 
with infections in humans: Rhizopus, Mucor, Rhizomucor, 
Cokeromyces recurvatus, Cunninghamella bertholletia, 
Apophysomyces elegans, Saksenaea vasiformis, Syncepha-
lastrum racemosum, Lichtheimia, all belonging to the 
Mucorales (Mucoromycotina), Conidiobolus (Entomoph-
thoromycotina), and Basidiobolus (Basidiobolaceae).

Rhizopus species, particularly R. arrhizus (R.  oryzae), 
are the most common zygomycetous opportunists [3]. 
Species reported from clinical cases are R. arrhizus, 
R. homothallicus, R. microsporus, R. schipperae, and 
R. stolonifer. As a result of recent taxonomic studies, 
the names of some clinically important Rhizopus species 
have changed (Table 1) [4]. Three varieties are recognized 
within R. arrhizus: var. arrhizus, var. tonkinensis, and 
var. delemar, which are all involved in infections of ver-
tebrates (Walther et al., unpublished data) [4]. Recently, 
R. homothallicus has been described from two cases 
in India to cause cavitary pulmonary zygomycosis 
(Chakrabarti et al., unpublished data).
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Mucor species are the second-most common agent 
of zygomycosis [3]. The most frequently occurring 
opportunistic species is M. circinelloides with forma 
circinelloides and forma janssenii (Walther et al., unpub-
lished data). Other pathogens include M. amphibiorum, 
M. hiemalis, M. indicus, M. plumbeus, M. racemosus, 
and M. ramosissimus. Phylogenetic analysis using large 
subunit (LSU) rRNA gene and internal transcribed 
spacer (ITS) rDNA sequences revealed that the two vari-
eties of Rhizomucor variabilis, both known as agents 
of zygomycosis, are related to Mucor (Walther et al., 
unpublished observation).

Absidia-like fungi represent three separate lineages: 
1) Absidia s.str. growing at temperatures below 40° C 

(mesophilic); 2) Leptomyces (mesophilic); and 3) Lich-
theimia, consisting of thermotolerant species that show 
good growth at body temperature [5]. Lichtheimia was 
initially named Mycocladus, but was recently renamed 
[6]. Sequence analysis using three different regions (ITS-
region, D1/D2 domains of LSU, and translation elongation 
factor 1-α) revealed an apparently undescribed “Mycocla-
dus” species associated with human zygomycosis that was 
named Mycocladus lutetiensis [7]. However, M. lutetien-
sis was recognized as a synonym of Lichtheimia ramosa 
(Absidia ramosa, M. ramosus). Besides L. ramosa, L. cor-
ymbifera (A. corymbifera, M. corymbiferus) and L. ornata 
(A. ornata) are clinically relevant (Alastruey-Izquierdo 
et al., unpublished data) (Table 1).

Figure 1. Simplifi ed fungal tree of life showing the branches where human pathogens occur. Approximate numbers of pathogenic species and 
total number of species are indicated. Panel on the right shows some pathogenic fungi belonging to various parts of the tree of life as follows 
(top to bottom): Eurotiomycetes, Pseudallescheria apiosperma, ascospores (left), conidiophore and conidia (right); Eurotiomycetes, Aspergillus 
calidoustus (left), A. fumigatiaffi nis (right), conidiophores and conidia; Sordariomycetes, Fusarium oxysporum, microconidia (left), F. solani, 
macroconidia (right); Eurotiomycetes, Cladophialophora saturnica, conidiophores and conidia (left and right); Tremellomycetes, Cryptococcus 
gattii, capsulated yeast cells (left), Ustilaginomycetes, Malassezia globosa, yeast cells and fi laments in skin scrapings (right); Mucoromycotina, 
Rhizopus arrhizus, sporangiophore with columella (left), Mucor hiemalis, sporangium (right).
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Ascomycetes
Aspergillus
The genus Aspergillus classifi ed in order Eurotiales (class 
Eurotiomycetes) includes more than 250 species, among 
which about 20 have been reported to cause opportunis-
tic infections in humans (Fig. 1) [2]. The most important 
human pathogens in this genus are assigned to sections 
Fumigati, Flavi, Nigri, Terrei, Nidulantes, and Usti. Cor-
rect species demarcation is important as it may affect 
therapy choice, warrant interventions to prevent invasive 
fungal infection in immunocompromised persons, or 
identify sources of nosocomial spreads. In the past, iden-
tifi cation of aspergilli primarily relied on morphologic 
criteria. Reliable identifi cations, however, use sequence 
analysis (in conjunction with traditional phenotype-

based methods) of the ITS regions and the β-tubulin or 
calmodulin genes [8].

A. fumigatus (section Fumigati) is the most common 
cause of invasive aspergillosis, a condition associated 
with substantial severity and mortality rates. Section 
Fumigati includes 10 anamorphic species and 23 spe-
cies that reproduce sexually. The teleomorphs of these 
species have been assigned to the Neosartorya genus. 
Recently, the sexual stage of A. fumigatus has been 
described as Neosartorya fumigata [9•]. The presence of 
a sexual cycle provides a valuable tool for genetic analy-
ses and will facilitate research into the genetic basis of 
pathogenicity and drug resistance in A. fumigatus, with 
the aim of improving methods to control aspergillosis. 
Recent molecular studies revealed that several clini-

Table 1. Name changes of some clinically relevant fungi as a consequence of an improved taxonomy

Old name New name

Zygomycetes

Absidia ornata Lichtheimia ornata

Mycocladus lutetiensis Lichtheimia ramosa

Mycocladus (Absidia) corymbifera Lichtheimia corymbifera

Rhizopus oryzae Rhizopus arrhizus

Ascomycota

Aspergillus fumigatus Neosartorya fumigata (teleomorph)

Aspergillus fumigatus sl Aspergillus fumigatus ss

Aspergillus fumigatiaffi nis

Aspergillus lentulus

Neosartorya udagawae

Clinical isolates of Aspergillus ustus Aspergillus calidoustus

Aspergillus terreus sl Aspergillus terreus ss

Aspergillus alabamensis

Candida albicans sl Candida albicans ss (including C. stellatoidea, C. africana)

Candida dubliniensis 

Candida glabrata sl Candida glabrata ss

Candida bracarensis 

Candida nivariensis

Candida parapsilosis sl Candida parapsilosis ss

Candida metapsilosis

Candida orthopsilosis

Coccidioides immitis sl Coccidioides immitis ss

Coccidioides posadasii

Fusarium oxysporum sl Fusarium oxysporum ss and 257 sequence types

Fusarium solani sl Fusarium solani ss and 44 phylogenetic species, including Fusarium 
falciforme, Fusarium lichenicola, and Neocosmospora vasinfecta

Exophiala jeanselmei sl Exophiala jeanselmei ss

Exophiala xenobiotica

Exophiala oligosperma

sl—sensu lato; ss—sensu stricto.
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cal isolates, previously identifi ed as A. fumigatus and 
that exhibit altered antifungal susceptibility, belong to 
other species, including A. lentulus, N. udagawae, and 
A. fumigatiaffi nis (Fig. 1) [10].

Among black aspergilli (section Nigri), recent 
molecular data indicate that, besides A. niger, A. tub-
ingensis, A. awamori, and A. acidus may also occur as 
human pathogens. In section Usti, A. ustus was consid-
ered a relatively rare human pathogen. However, recent 
reexamination of clinical isolates revealed that they 
represent a new species, A. calidoustus with decreased 
susceptibilities to several antifungal drugs [11]. In vitro 
experiments demonstrated that the triazoles, including 
posaconazole, are not active against this species. Invasive 
infections caused by Emericella nidulans, also known 
by its anamorph name A. nidulans, are uncommon in 
animals and humans. In humans, they appear to occur 
predominantly in patients with chronic granulomatous 
disease (CGD). Recent sequence-based re-identifi cation 
of a set of clinical Emericella isolates identifi ed a role 

of E. quadrilineata as an opportunistic fungal patho-
gen, especially in patients with CGD and in those with 
hematologic malignancy [12]. E. nidulans was less sus-
ceptible than E. quadrilineata to amphotericin B (AmB), 
but more susceptible to caspofungin, indicating that 
correct species demarcation and in vitro susceptibility 
testing may contribute to improved patient management. 
Aspergillus terreus (section Terrei), another important 
human pathogen that caused invasive aspergillosis in 
medical centers, has a decreased susceptibility to AmB. 
Multigene sequence analysis revealed that a new spe-
cies, Aspergillus alabamensis, which is morphologically 
similar to A. terreus, may colonize immunocompetent 
humans and has a decreased in vitro susceptibility to 
AmB [13]. Several species of section Flavi, including 
A. fl avus, A. tamarii, A. nomius, and A. pseudonomius, 
have also been identifi ed as causative agents of fungal 
keratitis cases in India. A. alliaceus, which has reduced 
susceptibilities to AmB and caspofungin, can also 
cause aspergillosis.

Table 1. Name changes of some clinically relevant fungi as a consequence of an improved taxonomy

Old name New name

Ascomycota

Fonsecaea pedrosoi 
(including F. compacta)

Fonsecaea pedrosoi ss

Fonsecaea monophora

Ramichloridium mackenziei Rhinocladiella mackenziei

Phialophora richardsiae Pleurostomophora richardsiae

Phaeoacremonium 3 spp Phaeoacremonium 9 spp

Pneumocystis carinii sl Pneumocystis jiroveci

Four species on animals (including Pneumocystis carinii ss)

Pseudallescheria boydii sl, including Scedosporium 
apiospermum (anamorph)

Pseudallescheria boydii ss

Pseudallescheria fusoidea

Scedosporium apiospermum (anamorph)

Scedosporium aurantiacum (anamorph)

Scedosporium dehoogii (anamorph)

Basidiomycota

Cryptococcus neoformans sl Cryptococcus neoformans ss (including variety grubii)

Cryptococcus gattii

Malassezia furfur sl Malassezia furfur ss

Malassezia globosa

Malassezia restricta

Nine other lipid-dependent species

Trichosporon beigelii Trichosporon asahii

Trichosporon asteroides

Trichosporon cutaneum

Trichosporon inkin

Trichosporon mucoides

Trichosporon ovoides

sl—sensu lato; ss—sensu stricto.

(Continued)
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Fusarium
Fusarium is a clinically important ascomycetous genus, 
classifi ed in the order Hypocreales (class Sordariomycetes) 
(Fig. 1), which contains more than 30 species that may be 
implicated in outbreaks of diseases in humans ranging from 
benign to life-threatening (Fig. 1) [2]. In 1996, multiple 
Fusarium species were involved in nosocomial infections 
in a hospital in the United States [14,15]. In the Nether-
lands, the water supply system served as the environmental 
reservoir for such an outbreak. Other symptoms caused by 
these emergent opportunists include skin infections and 
disseminated diseases with a high rate of mortality. In the 
environment, Fusarium species are commonly found as 
saprophytes in soil or as plant pathogens worldwide.

Among species most frequently encountered in clinical 
settings are members of the F. solani and F. oxysporum 
species complexes. Traditionally, members of these species 
complexes have been referred to as single morphospecies 
(ie, F. solani and F. oxysporum). Because of their impor-
tance in agriculture, the use of a naming system based 
on the plant host has commonly been adopted. Recent 
molecular analyses have shown that these so-called for-
mae speciales do not always correspond to natural groups 
and that each species complex may include a large number 
of phylogenetically distinct species (Table 1) [15–17]. Most 
newly discovered phylogenetic species have not yet been 
named formally. A system of multilocus haplotype nomen-
clature has been adopted to facilitate the use of these 
phylogenetic species [17]. It is important for clinicians to 
use molecular tools because the identifi cation of suscepti-
bility to antifungals differs among phylogenetic species.

Members of the F. solani complex were responsible 
for major contact lens–associated outbreaks of kerati-
tis in the United States during 2005 and 2006 [16,18]. 
Recent studies showed that F. solani contains at least 45 
phylogenetically distinct species distributed among three 
major clades [17]. Importantly, all clinically relevant 
strains cluster in a single group (clade 3) that contains 
at least 34 phylogenetic species, among which 20 are 
clinically relevant and only three have a formal name: 
Fusarium falciforme, an agent of white-grain mycetoma 
and opportunistic infections in patients with transplants 
[19]; Fusarium lichenicola, an agent of keratitis and 
cutaneous to disseminated infections [19]; and Neocos-
mospora vasinfecta, an agent of systemic infections in 
patients with transplants.

Similar to F. solani, F. oxysporum has been increasingly 
involved in disseminated infections of immunocompro-
mised patients. Early molecular studies demonstrated that 
this morphospecies includes several phylogenetically dis-
tinct species. One recently dispersed and geographically 
widespread clonal lineage was the agent of many cases of 
nosocomial infections [15]. A recent study including 850 
isolates of the F. oxysporum species complex showed that 
these isolates could be grouped into 257 sequence types 
using intergenic spacer (IGS) and elongation factor 1-α 
(EF1-α) gene sequences (O’Donnell et al., unpublished 

observation). Clinically relevant strains occur in 25 of 
these sequence types, some of them with apparent strict 
clinical origin, others also shared by plant pathogens.

A multistate haplotype nomenclature system based on 
molecular data (EF1-α gene and IGS sequences), called 
Fusarium-ID, is accessible online at http://isolate.fusari-
umdb.org/index.php [20]. This database, applicable in the 
fi elds of agriculture and medicine, will be a very powerful 
identifi cation tool for clinically relevant fusaria.

Melanized fungi and Scedosporium
Melanized fungi belong to the order Chaetothyriales 
(class Eurotiomycetes) and typically cause infection in 
otherwise healthy individuals (Fig. 1) [2]. Chromoblas-
tomycosis is known to be caused by a small number of 
interrelated species, and can be subdivided into a number 
of clinical types [21]. Phaeohyphomycosis is an umbrella 
term for a large diversity of infections in which brown 
hyphae are seen in tissue. The main category is brain 
infection. Chaetothyriales contain the largest number of 
agents infecting brain parenchyma. Most species charac-
teristically cause primary encephalitis [22], characterized 
by neurologic symptoms that become apparent only in 
advanced disease stages. In disseminated infections, 
some species appear to be neurotropic, whereas others, 
such as Exophiala spinifera, are osteotropic. The fatal-
ity rate of all systemic invasive infections by melanized 
fungi remains high. Patients suffering from cystic fi brosis 
regularly show asymptomatic pulmonary colonization, 
whereas the same species is also found in the intestinal 
tract of asymptomatic carriers. A new, severely under-
reported category is mild cutaneous infection by black 
fungi caused, for example, by Phialophora europaea and 
Coniosporium epidermidis.

Multilocus gene sequence analyses of traditional patho-
gens, such as Cladophialophora, Exophiala, Fonsecaea, 
and Phialophora species, have shown that ITS data are suf-
fi cient for diagnostics [23]. Exophiala jeanselmei, an agent 
of human subcutaneous infections, proved to contain two 
cryptic species, E. oligosperma and E. xenobiotica, which 
are common agents of cutaneous infections (Table 1). In 
contrast, E. asiatica is known from a single, fatal dissemi-
nated case [24]. Four rare clinical Cladophialophora species 
cause different diseases, namely C. saturnica [25] and 
C. immunda, which are cutaneous; C. mycetomatis, which 
is subcutaneous; and C. samoënsis, an endemic agent of 
chromoblastomycosis [26]. Fonsecaea compacta has been 
reduced to synonymy with F. pedrosoi, but a sibling species 
F. monophora is repeatedly found in brain infections in 
addition to causing chromoblastomycosis [27]. The neuro-
tropic fungus endemic to the Middle East is now referred to 
as Rhinocladiella mackenziei.

Some black fungi belong to other orders. Phialophora 
richardsiae has been renamed Pleurostomophora richard-
siae (Calosphaeriales), and the genus Phaeoacremonium 
(Diaporthales) presently contains nine species that are 
clinically relevant [28].



Fungal Taxonomy: New Developments in Medically Important Fungi  I   Boekhout et al.  I  175

Scedosporium and its teleomorph Pseudallescheria 
belong to the Microascales. The genus has been subdi-
vided into a number of species that differ in virulence and 
predilection [29]. Most clinical strains belong to the Sce-
dosporium apiospermum and Pseudallescheria boydii, 
which are now separate species, whereas S. dehoogii is 
mainly environmental [30].

Candida
Candida yeasts (asexual Saccharomycetales, Saccharo-
mycotina) are a main source of infection (Fig. 1) [2]. 
Candida species are a common source of nosocomial 
bloodstream infections. The prevalence of Candida infec-
tions has increased considerably in the past decade, and 
has become a serious threat to high-risk patients (eg, HIV-
infected patients, oncology patients, pediatric patients, 
transplant patients, neonates, newborns, women with 
recurrent vaginitis, patients with diabetes, and chronically 
bedridden patients) and often cause high rates of morbid-
ity and mortality. The increase of Candida infections has 
seen an increase of non-albicans Candida species, mainly 
C. glabrata. Crude mortality is approximately 35%, with 
the highest values observed in the elderly, those who suf-
fered from fungemia of C. tropicalis, and patients with 
solid tumors. Most isolates represent Candida albicans, 
followed by C. glabrata, C. parapsilosis, C. tropicalis, 
C. krusei, and other Candida species.

In recent years, a number of new clinically relevant 
Candida species has been recognized, namely C. dublini-
ensis, C. nivariensis, C. bracarensis, C. orthopsilosis, and 
C. metapsilosis (Table 1). C. dubliniensis, a sibling spe-
cies of C. albicans, occurs worldwide and causes oral and 
oropharyngeal infections in HIV-infected AIDS patients, 
but also in those suffering from dental stomatitis, diabe-
tes, cystic fi brosis, and neutropenia [31]. Most isolates are 
sensitive to commonly used antifungals, but resistance to 
fl uconazole has been reported [31].

Recently, two sibling species of C. glabrata, C. niva-
riensis and C. bracarensis, have been described [32,33]. 
C. nivariensis was isolated from deep-seated infections, 
oropharynx of an HIV-infected patient, and a catheter-
related infection from patients in Spain, Indonesia, Japan, 
and Great Britain. The species is susceptible to AmB, 
5-fl ucytosine, the commonly used azoles, but also to vori-
conazole, posaconazole, caspofungin, and isavuconazole 
[34]. However, it has also been reported that the species 
is less susceptible to azoles [35]. C. bracarensis has been 
found in vulvovaginal candidiasis, blood, stool of an HIV-
infected patient, abscess, and two oncology patients, and 
has been reported in Portugal, Great Britain, and the United 
States. Susceptibility to seven antifungals was similar to 
that of C. glabrata, except one isolate that was resistant to 
fl uconazole, itraconazole, and posaconazole [36].

Two sibling species of C. parapsilosis, C. orthopsilosis 
and C. metapsilosis, were described to replace C. parap-
silosis group II and III, respectively [37]. C. orthopsilosis 
has been reported to be involved in nosocomial outbreaks 

[38]. Differences in susceptibility to commonly used anti-
fungals have been noted, but this does not seem to affect 
therapeutic choices [38].

Recently, multilocus sequencing–type (MLST) analysis 
has been proposed as the method of choice to genotype iso-
lates of C. albicans, C. dubliniensis, C. glabrata, C. krusei, 
and C. tropicalis (as well as Cryptococcus neoformans and 
Cr. gattii) [39]. In an ongoing international collaboration, 
databases are rapidly fi lled with data from globally col-
lected isolates, thus hinting at global patterns of dispersal, 
reproduction, and phylogeny within each species. The same 
data will also be most valuable to understand, for example, 
the origins of nosocomial outbreaks, relapse of infections, 
and microevolution as a consequence of antifungal treat-
ment. Two available internet resources (http://pubmlst.org; 
http://www.mlst.net) provide data on the MLST genotypes 
of each species.

Basidiomycetes
Malassezia
Members of the genus Malassezia, classifi ed in the order 
Malasseziales (class Ustilaginomycetes), are opportu-
nistic yeasts of increasing importance. The genus had 
historically remained limited to Malassezia furfur and 
M. pachydermatis. M. pachydermatis is lipophilic but 
not lipid-dependent, and usually occurs in animals, where 
it may cause otitis externa, especially in dogs and cats. 
Until the recent taxonomic revision, pathologies caused 
by the lipid-dependent M. furfur sensu lato were ascribed 
to a single species [40]. Sequence analysis of the D1/D2 
domains of the LSU rRNA gene, however, revealed six 
lipid-dependent species and, since then, seven more species 
have been reported (Table 1) [40].

Malassezia species are part of the normal skin micro-
biota, in particular of sebum-rich areas of the skin, such 
as the trunk, back, face, and scalp. Under certain condi-
tions, Malassezia species may cause a superfi cial skin 
infection, and they have been associated with a number of 
diseases of the human skin, such as seborrheic dermatitis 
(SD) and dandruff, pityriasis versicolor (PV), Malassezia 
(Pityrosporum) folliculitis, atopic dermatitis (AD), and 
psoriasis [41]. Species other than M. furfur sensu stricto 
are implicated in most of these diseases, with M. globosa 
being the most common species cultured from PV lesions. 
M. globosa and M. restricta predominate lesions of 
SD and dandruff. In atopic dermatitis (AD), Malassezia 
species may act as allergens in susceptible patients. M. 
pachydermatis and M. furfur sensu stricto are occasion-
ally involved in nosocomial outbreaks in neonates who 
receive intravenous lipid supplementation.

The recent elucidation of the genomes of M. globosa 
and M. restricta revealed important adaptations of the 
yeasts to the skin habitat [42•]. The absence of a fatty 
acid synthase gene explained the lipid dependence of 
both species, and multiple secreted lipases allow the fun-
gus to scavenge lipids from the host. Secreted hydrolases 
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(eg, lipases, phospholipases, aspartyl proteases, and acid 
sphingomyelinases) are encoded by multiple genes. Inter-
estingly, the arsenal of extracellular hydrolases encoded 
by the genome of M. globosa is similar to that of C. 
albicans, which phylogenetically is not closely related 
but occupies the same niche on skin. Finally, the genome 
sequence revealed the presence of mating-type genes, 
thus providing evidence that Malassezia may be capable 
of sexual reproduction. 

Cryptococcus
Two species are recognized within the C. neoformans–
C. gattii species complex, namely the asexual yeasts 
C. neoformans and C. gattii (Table 1). The species are 
classifi ed in order Tremellales (ie, jelly fungi, class Trem-
ellomycetes) (Fig. 1) [2]. Six haploid genotypic groups 
occur based on molecular fi ngerprinting and sequence 
analysis of coding and noncoding regions [43]. Two 
genotypic groups can be recognized within C. neofor-
mans that are interpreted as varieties, namely var. grubii 
(serotype A) and var. neoformans (serotype D).

C. neoformans and C. gattii differ in epidemiology 
and ecologic niche. In immunocompetent individuals, C. 
neoformans infection is either cleared or remains dormant. 
However, in immunocompromised individuals, C. neo-
formans can disseminate to other organs, including the 
brain. Infection of the central nervous system may result 
in meningoencephalitis. C. neoformans var. grubii occurs 
throughout the world and causes by far the majority of cryp-
tococcal infections in HIV-infected patients. In Europe, this 
variety occurred in about half of the isolates analyzed in a 
30-month survey [44]. C. neoformans var. neoformans also 
occurs worldwide but seems more common in Europe.

C. gattii comprises four phylogenetic lineages that may 
represent species [43]. The species mainly infects immu-
nocompetent individuals and occurs predominantly in 
tropical and subtropical areas. Serotype C isolates of C. gat-
tii, however, were implicated in HIV-associated infections 
in California, Botswana, and Malawi [45]. The species has 
also been isolated in Europe in areas with a temperate or 
Mediterranean climate and has been reported in temperate 
climate zones in Colombia. One of the genotypes of C. gat-
tii (AFLP6/VGII) is responsible for the ongoing outbreak of 
cryptococcosis on Vancouver Island, mainland Canada, and 
the United States [46,47]. Recently, some tourists who vis-
ited Vancouver Island also developed cryptococcal disease.

Diploid or aneuploid hybrids occur within the complex. 
The serotype AD hybrids (AFLP 3/VNIII) are well-studied 
and showed high incidences in Portugal, Greece, and Spain, 
for example [44]. Hybrids between C. neoformans and 
C. gattii were recently described based on molecular stud-
ies of clinical isolates and were designated as BD and AB 
hybrids, respectively.

Trichosporon
Trichosporon species are classifi ed in order Trichospo-
ronales (class Tremellomycetes) and cause infections in 

patients with hematologic malignancies that are associated 
with high mortality rates (Fig. 1). The taxonomy of the genus 
Trichosporon was revised based on sequence analysis of 
partial LSU rRNA sequences [48]. Six opportunistic human 
pathogens were recognized in the old species T. beigelii 
(Fig. 1): T. asahii and T. mucoides cause deep invasive infec-
tions; T. asteroides and T. cutaneum cause superfi cial skin 
infections; T. ovoides cause white piedra of the scalp and 
T. inkin is involved in white piedra of the pubic hair [48,49]. 
T. asahii, the clinically most important species, is isolated 
from sources such as blood, lung tissue, bones, and urine, 
but also skin, nails, and white piedra. New, clinically rel-
evant species are emerging as discussed in Taj-Aldeen et al. 
[49]. Guehomyces pullulans (formerly T. pullulans) caused 
infection in patients with CGD and has been isolated from 
the oral cavity of patients with AIDS. T. dermatis caused 
fungemia in a 13-month-old male with a history of auto-
immune enteropathy, and T. asteroides, T. loubieri, and 
T. dermatis were involved in disseminated trichosporono-
sis. T. asahii occurred as the most common species in a 
study on trichosporonosis in Qatar (63% of cases), followed 
by T. inkin and T. dohaense (11%), and T. faecale and 
T. japonicum (7.4%) [49]. The species may differ in anti-
fungal susceptibilities [49,50]. T. asahii, T. faecale, and 
T. coremiiforme showed high minimal inhibitory con-
centrations (MICs) for AmB. Most isolates from the 
Qatar-based study showed high MICs for AmB and 
caspofungin, and anidulafungin demonstrated no in vitro 
activity against Trichosporon species. It was concluded 
that polyenes and echinocandins should not be used to 
treat Trichosporon infections, but itraconazole, voricon-
azole, posaconazole, and isavuconazole showed good in 
vitro activity against Trichosporon species, with the latter 
being the most potent agent [49].

Conclusions
It is clear that our understanding of fungal pathogens is 
changing considerably. In many cases, traditional taxa 
were found to represent species aggregates, and novel taxa 
from clinical sources are frequently discovered (Table 1). 
Such developments may not be appreciated by all profes-
sionals in the fi eld, however, as one must keep track of all 
proposed modifi cations, even related to “textbook” patho-
gens. The refi ned taxonomy as a result of comparative 
molecular studies will contribute to a better understand-
ing of the diseases they cause and result in appropriate 
treatment, thus contributing to improved patient care. 
Recent molecular phylogenetic studies have resulted in a 
considerable increase of newly recognized fungal patho-
gens. In most if not all cases, molecular identifi cations 
are needed to provide an accurate species assessment. In 
some cases, the newly discovered species were found to 
be important human pathogens, which need to be treated 
appropriately. Importantly, differences in susceptibility 
patterns have been noted to occur, thus indicating a need 
for proper identifi cation of fungal pathogens.



Fungal Taxonomy: New Developments in Medically Important Fungi  I   Boekhout et al.  I  177

Acknowledgment
The authors thank Bart Theelen for his help in preparing 
the fi gure.

Disclosure
No potential confl icts of interest relevant to this article 
were reported.

References and Recommended Reading
Papers of particular interest, published recently, 
have been highlighted as:
• Of importance
•• Of major importance

1.• James TY, Kauff F, Schoch CL, et al.: Reconstructing the 
early evolution of fungi using a six-gene phylogeny. Nature 
2006, 443:818–822.

This important study addresses the fungal tree of life using the 
phylogenetic analysis of multiple genes. The study provides the best 
picture of evolution of the fungal kingdom, as well as the evolution 
of important fungal traits.
2. Hibbett DS, Binder M, Bischoff JF, et al.: A higher-level 

phylogenetic classifi cation of the fungi. Mycol Res 2007, 
111:509–547.

3. Roden MM, Zaoutis TE, Buchanan WL, et al.: Epidemiology 
and outcome of zygomycosis: a review of 929 reported cases. 
Clin Infect Dis 2005, 41:634–653.

4. Zheng RY, Chen GQ, Huang H, Liu XY: A monograph of 
Rhizopus. Sydowia 2007, 59:273–372.

5. Hoffmann K, Discher S, Voigt K: Revision of the genus 
Absidia (Mucorales, Zygomycetes) based on physiological, 
phylogenetic, and morphological characters; thermotolerant 
Absidia spp form a coherent group, Mycocladiaceae fam. 
nov. Mycol Res 2007, 111:1169–1183.

6. Hoffmann K, Walther G, Voigt K: Mycocladus vs. 
Lichtheimia: a correction (Lichtheimiaceae fam. nov., 
Mucorales, Mucoromycotina). Mycol Res 2009, 542:3–4.

7. Garcia-Hermoso D, Hoinard D, Gantier J-C, et al.: Descrip-
tion of Mycocladus lutetiensis sp. nov., a cryptic species of 
Mycocladus corymbifer (ex. Absidia corymbifera) associated 
with human zygomycosis. J Clin Microbiol 2009, In press.

8. Balajee SA, Borman AM, Brandt ME, et al.: Sequence-
based identifi cation of Aspergillus, Fusarium and 
Mucorales in the clinical mycology laboratory: where are 
we and where should we go from here? J Clin Microbiol 
2009, 47:877–884.

9• O’Gorman CM, Fuller HT, Dyer PS: Discovery of a sexual 
cycle in the opportunistic fungal pathogen Aspergillus 
fumigatus. Nature 2009, 457:471–474.

This report describes the teleomorph of the medically important 
fungus Aspergillus fumigatus, named Neosartorya fumigata. This 
species has a heterothallic breeding system in contrast to most 
species assigned to this section. The presence of a sexual cycle 
could provide a valuable tool for genetic analyses and will facilitate 
research into the genetic basis of pathogenicity and drug resistance 
in A. fumigatus. 
10. Alcazar-Fuoli L, Mellado E, Alastruey-Izquierdo A, et al.: 

Aspergillus section Fumigati: antifungal susceptibility pat-
terns and sequence-based identifi cation. Antimicrob Agents 
Chemother 2008, 52:1244–1251.

11. Varga J, Houbraken J, van der Lee HA, et al.: Aspergillus 
calidoustus sp. nov., causative agent of human infections 
previously assigned to Aspergillus ustus. Eukaryot Cell 
2008, 7:630–638.

12. Verweij PE, Varga J, Houbraken J, et al.: Emericella quadri-
lineata as cause of invasive aspergillosis. Emerg Infect Dis 
2008, 14:566–572.

13. Walsh TJ, Petraitis V, Petraitiene R, et al.: Experimental 
pulmonary aspergillosis due to Aspergillus terreus: pathogen-
esis and treatment of an emerging fungal pathogen resistant 
to amphotericin B. J Infect Dis 2003, 188:305–319.

14. Anaissie EJ, Kuchar RT, Rex JH, et al.: Fusariosis associ-
ated with pathogenic fusarium species colonization of a 
hospital water system: a new paradigm for the epidemiology 
of opportunistic mold infections. Clin Infect Dis 2001, 
33:1871–1878.

15. O’Donnell K, Sutton DA, Rinaldi MG, et al.: Genetic 
diversity of human pathogenic members of the Fusarium 
oxysporum complex inferred from multilocus DNA sequence 
data and amplifi ed fragment length polymorphism analyses: 
evidence for the recent dispersion of a geographically wide-
spread clonal lineage and nosocomial origin. J Clin Microbiol 
2004, 42:5109–5120.

16. O’Donnell K, Sarver BAJ, Brandt M, et al.: Phylogenetic 
diversity and microsphere array-based genotyping of human 
pathogenic Fusaria, including isolates from the multistate 
contact lens-associated U.S. keratitis outbreaks of 2005 and 
2006. J Clin Microbiol 2007, 45:2235–2248.

17. O’Donnell K, Sutton DA, Fothergill A, et al.: Molecular 
phylogenetic diversity, multilocus haplotype nomenclature, 
and in vitro antifungal resistance within the Fusarium solani 
species complex. J Clin Microbiol 2008, 46:2477–2490.

18. Chang DC, Grant GB, O’Donnell K, et al.: Multistate 
outbreak of Fusarium keratitis associated with use of a 
contact lens solution. JAMA 2006, 296:953–963.

19. Summerbell RC, Schroers HJ: Analysis of phylogenetic 
relationship of Cylindrocarpon lichenicola and Acremo-
nium falciforme to the Fusarium solani species complex and 
a review of similarities in the spectrum of opportunistic 
infections caused by these fungi. J Clin Microbiol 2002, 
40:2866–2875.

20. Geiser DM, Jiménez-Gasco MM, Kang S, et al.: FUSARIUM-
ID v. 1.0: a DNA sequence database for identifying Fusarium. 
Eur J Plant Pathol 2004, 110:473–479.

21. Queiroz-Telles F, Esterre P, Perez-Blanco M, et al.: Chro-
moblastomycosis: an overview of clinical manifestations, 
diagnosis and treatment. Med Mycol 2009, 47:3–15.

22. Horré R, de Hoog GS: Primary cerebral infections by 
melanized fungi: a review. Stud Mycol 1991, 43:176–193.

23. Zeng JS, de Hoog GS: Exophiala spinifera and its allies: 
diagnostics from morphology to DNA barcoding. Med 
Mycol 2007, 46:193–208.

24. Li DM, Ruo YL, de Hoog GS, et al.: Exophiala asiatica, a 
new species from a fatal case in China. Med Mycol 2009, 
47:101–109.

25. Badali H, Carvalho VO, Vicente V, et al.: Cladophialophora 
saturnica sp. nov., a new opportunistic species of Chaeto-
thyriales revealed using molecular data. Med Mycol 2009, 
47:51–62.

26. Badali H, Gueidan C, Najafzadeh MJ, et al.: Ecological, 
morphological and molecular diversity of Cladophialophora. 
Stud Mycol 2008, 61:175–191.

27. Najafzadeh M J, Gueidan C, Badali H, et al.: Genetic diversity 
and species delimitation in the opportunistic genus Fonsecaea. 
Med Mycol 2009, 47:17–25.

28. Mostert L, Groenewald JZ, Summerbell RC, et al.: Species of 
Phaeoacremonium associated with infections in humans and 
environmental reservoirs in infected woody plants. J Clin 
Microbiol 2005, 43:1752–1767.

29. Gilgado F, Cano J, Gené J, et al.: Molecular and phenotypic 
data supporting distinct species statuses for Scedosporium 
apiospermum and Pseudallescheria boydii and the proposed 
new species Scedosporium dehoogii. J Clin Microbiol 2008, 
46:766–771.

30. Kaltseis J, Rainer J, de Hoog GS: Ecological study of 
Pseudallescheria and Scedosporium species in natural and 
human-dominated environments. Med Mycol 2009, In press.

31. 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.



178  I  Genomics and Pathogenesis

32. Alcoba-Flórez J, Méndez-Alvarez S, Cano J, et al.: Phenotypic 
and molecular characterization of Candida nivariensis sp. 
nov., a possible new opportunistic fungus. J Clin Microbiol 
2005, 43:4107–4111.

33. Correia A, Sampaio P, James S, Pais C: Candida bracarensis 
sp. nov., a novel anamorphic yeast species phenotypically 
similar to Candida glabrata. Int J Syst Evol Microbiol 
2006, 56:313–317.

34. Lockhart SR, Messer SA, Gherna M, et al.: Identifi cation 
of Candida nivariensis and Candida bracarensis in a large 
global collection of Candida glabrata isolates: comparison 
to the literature. J Clin Microbiol 2009, 47:1216–1217.

35. Borman AM, Petch R, Linton CJ, et al.: Candida niva-
riensis, an emerging pathogenic fungus with multidrug 
resistance to antifungal agents. J Clin Microbiol 2008, 
46:933–938.

36. Bishop JA, Chase N, Magill SS, et al.: Candida bracarensis 
detected among isolates of Candida glabrata by peptide nucleic 
acid fl uorescence in situ hybridization: susceptibility data and 
documentation of presumed infection. J Clin Microbiol 2008, 
46:443–446.

37. Tavanti A, Davidson AD, Gow NA, et al.: Candida orthop-
silosis and Candida metapsilosis spp nov. to replace Candida 
parapsilosis groups II and III. J Clin Microbiol 2005, 
43:294–292.

38. Lockhart SR, Messer SA, Pfaller MA, Diekema DJ: 
Geographic distribution and antifungal susceptibility of 
the newly described species Candida orthopsilosis and 
Candida metapsilosis in comparison to the closely related 
species Candida parapsilosis. J Clin Microbiol 2008, 
46:2659–2664.

39. Odds FC, Jacobsen MD: Multilocus sequence typing 
of pathogenic Candida species. Eukaryot Cell 2008, 
7:1075–1084.

40. Guého E, Midgley G, Guillot J: The genus Malassezia with 
description of four new species. Antonie van Leeuwenhoek 
1996, 69:337–355.

41. Batra R, Boekhout T, Guého E, et al.: Malassezia Baillon, 
emerging clinical yeasts. FEMS Yeast Res 2005, 5:1101–1113.

42.• Xu J, Saunders CW, Hu P, et al.: Dandruff-associated Mal-
assezia genomes reveal convergent and divergent virulence 
traits shared with plant and human fungal pathogens. Proc 
Natl Acad Sci U S A 2007, 104:18730–18735.

This paper describes the genome of two Malassezia species that are 
involved in various skin disorders. A comparison is made with the 
genome of the phylogenetically distant C. albicans, which shares a 
similar niche on skin. In contrast, the genome of the phylogeneti-
cally closer-related species Ustilago maydis shows adaptations to its 
plant host.

43. Bovers M, Hagen F, Kuramae EE, Boekhout T: Six monophy-
letic lineages identifi ed within Cryptococcus neoformans and 
Cryptococcus gattii by multi-locus sequence typing. Fungal 
Genet Biol 2008, 45:400–421.

44. Viviani MA, Cogliati M, Esposto MC, et al.: Molecular 
analysis of 311 Cryptococcus neoformans isolates from 
a 30-month ECMM survey of cryptococcosis in Europe. 
FEMS Yeast Res 2006, 6:614–619.

45. Litvintseva AP, Thakur R, Reller LB, Mitchell TG: Preva-
lence of clinical isolates of Cryptococcus gattii serotype C 
among patients with AIDS in Sub-Saharan Africa. J Infect 
Dis 2005, 192:888–892.

46. Kidd SE, Hagen F, Tscharke RL, et al.: A rare genotype of 
Cryptococcus gattii caused the cryptococcosis outbreak on 
Vancouver Island (British Columbia, Canada). Proc Natl 
Acad Sci USA 2004, 101:17258–17263.

47. Byrnes III EJ, Bildfell RJ, Frank SA, et al.: Molecular 
evidence that the range of the Vancouver Island outbreak 
of Cryptococcus gattii infection has expanded into the 
Pacifi c Northwest in the United States. J Infect Dis 2009, 
199:1081–1086.

48. Guého E, Smith MT, de Hoog GS, et al.: Contributions to a 
revision of the genus Trichosporon. Antonie van Leeuwen-
hoek 1992, 61:289–316.

49. Taj-Aldeen SJ, Al-Ansari N, El Shafei S, et al.: Molecular 
identifi cation and susceptibility of Trichosporon species 
isolated from clinical specimens in Qatar: isolation of 
Trichosporon dohaense Taj-Aldeen, Meis & Boekhout sp. 
nov. J Clin Microbiol 2009 Mar 25 (Epub ahead of print).

50. Rodriguez-Tudela JL, Diaz-Guerra TM, Mellado E, et al.: 
Susceptibility patterns and molecular identifi cation of 
Trichosporon species. Antimicrob Agents Chemother 2005, 
49:4026–4034.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


