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Yeast infections caused by either clinically uncommon Saccharomycotina yeast species 
or those that were previously not associated at all with human infections are reported 
increasingly (Stavrou et al., 2019; Chapter 2). The implications of such infections are the 
challenges to diagnose infections caused by such species and, furthermore, to decide 
on the proper choice of the antifungal drug to treat or manage the infections or use them 
for prophylaxis. Our knowledge on the antifungal susceptibility patterns of such yeasts 
is limited since the species in question are uncommon and, hence, such data is scarce. 
Previously published data showed that the antifungal susceptibility profiles have a relation 
to the phylogenetic placement of a species (Schmalreck et al., 2014). Unfortunately, since 
2014 there is no new evidence or publication about this subject. The available arsenal 
of antifungal drug classes has not been significantly expanded, with the exception of the 
echinocandins. The latter drugs were introduced into the clinic approximately 20 years ago, 
firstly caspofungin, followed by anidulafungin and micafungin (Perlin, 2011). Even though 
it has only been 20 years since their introduction, presently there are well-known cases of 
yeast isolates that are resistant to echinocandins. The first cases surfaced in 2005, only 
5 years after caspofungin was introduced into the clinics (Park et al., 2005; Arendrup and 
Perlin, 2014). Those cases were isolates of Candida albicans and an isolate of Pichia 
kudriavzevii (= Candida krusei). The need for novel antifungal compounds, due to intrinsic 
and acquired resistance to the already existing antifungal drugs, has long been a necessity. 
Antimicrobial peptides have been shown to be a good candidate against yeasts because 
of their low toxicity and the low resistance development rates they exhibit (Fernández de 
Ullivarri et al., 2020).

 The increase of uncommon Saccharomycotina species reported from the clinic 
is not yet reflected in the availability of reliable methods to diagnose them. There are 
commercially available PCR assays that target either a specific species or the most common 
Saccharomycotina yeasts occurring in the clinic, namely C. albicans, Candida glabrata, 
Candida tropicalis, Candida parapsilosis and P. kudriavzevii, and others were specifically 
designed to target one species, e.g. Candida auris (Fuchs et al., 2019; Pfaller, 2015; Sattler 
et al., 2021). Another yeast genus associated with human infections is Malassezia that 
does not belong to the Ascomycota, but to the Basidiomycota. This yeast, in addition to the 
well-described skin conditions it causes, has also been associated with sepsis in neonates 
(Gaitanis et al., 2012; Rhimi et al., 2020). Due to its special growth requirements, i.e., it 
requires externally added lipids, Malassezia species are usually overlooked in the clinic. 
Hence, it is known as an uncommon yeast in the clinic, and means for fast diagnosis are 
not yet available (Iatta et al., 2014). The availability of non-culture based identification tools 
may change our understanding of the clinical incidence of Malassezia-related sepsis.

Irritable Bowel Syndrome (IBS) affects 3-10% of the general population and there is 
evidence that the gut mycobiota is involved in the most common complain associated 
with this disease, viz., abdominal pain, but this has not been studied extensively (Sperber 
et al., 2021; Botschuijver et al., 2017). Mycobiota alterations in the gut have also been 
associated with IBS. Especially, an increase of C. albicans and Saccharomyces cerevisiae 
is predominant in patients with IBS compared to healthy individuals (Botschuijver et al., 
2017). A different study has also shown the presence of low mycobiome diversity in patients 
with IBS-related diarrhoea symptoms (Hong et al., 2020). Even though it seems that a 
connection between C. albicans and IBS exists, the genotypic and phenotypic diversity of 
C. albicans strains in IBS patients has not been investigated up until now (Chapter 7). 

The aim of this thesis was to investigate antifungal susceptibility patterns of emerging 
Saccharomycotina yeasts and how this relates to phylogeny, to evaluate the efficiency 
of a naturally-derived antimicrobial peptide, human lactoferrin 1-11 [hLF(1-11)], against 
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said yeasts, to develop qPCR-based diagnostic tools for emerging and neglected 
Saccharomycotina yeast-related infections as well as Malassezia yeasts, and finally to 
investigate the potential relationship of different Candida albicans genotypes and IBS.

The thesis consists of three sections: Section I contains Chapters 2, 3 and 4 that focus 
on antifungal susceptibility aspects of Saccharomycotina yeasts associated with human 
infections. Section II includes Chapters 5 and 6 that focus on the development of qPCR 
assays, one treatment-focused approach for the detection of 25 common and emerging 
Saccharomycotina yeast species and one for the detection of representatives of the genus 
Malassezia. Section III comprises Chapter 7 and 8 with Chapter 7 dedicated to IBS and C. 
albicans and Chapter 8, which resulted from our work on the identification of C. albicans, 
providing a protocol to correct misidentification present in public genome databases, such 
as NCBI GenBank.

Section I. Antifungal susceptibility aspects of Saccharomycotina yeasts 
associated with human infections

The most common Saccharomycotina species associated with human infections belong to 
five species, namely C. albicans, C. tropicalis, C. parapsilosis, C. glabrata and P. kudriavzevii 
and they account for >90% of yeast infections worldwide (Turner and Butler, 2014; Pappas 
et al., 2018). Due to the emergence of uncommon yeast species, we collected globally 
published literature in order to estimate the prevalence of so-called candidemia or invasive 
candidiasis with special reference to so-called emerging “Candida” species. Fifteen sources 
were included in this evaluation with 13 being published in peer-reviewed journals, one data 
set was collected over a period of eight years between 2008 and 2016 at Innsbruck Medical 
University and one source were Dutch national surveillance data from the ISIS-AR database 
(RIVM, Bilthoven, The Netherlands) between 2012 to 2017. Our criteria for inclusion were 
the identification methods used and whether the sources focused on a specific patient group. 
Regarding the identification methods used, we only included in our study sources that either 
used DNA-based identification methods and/or Matrix-Assisted Laser Desorption-Ionisation-
Time of Flight Mass Spectrometry (MALDI-TOF MS) as we wanted to eliminate misidentified 
isolates, which often arise from using traditional identification methods, such as chromogenic 
media or biochemical tests (Aubertine et al., 2006). Not surprisingly C. albicans was by far 
the leading cause followed by C. glabrata, C. tropicalis, C. parapsilosis, P. kudriavzevii, 
Cl. lusitaniae and M. guilliermondii (Chapter 2). Especially for the latter three species, the 
differences in prevalences between them were insignificant and even though Cl. lusitaniae 
and M. guilliermondii are not often included among the most common species of yeasts 
associated with human infections, in certain cases their prevalence was higher than the 
prevalence of P. kudriavzevii (Hesstvedt et al., 2015; Trouvé et al., 2017). This is an indication 
that the epidemiology of yeast infections is changing. A changing epidemiology of clinically 
important yeasts might also relate to a change in the (prophylactic) use of antifungal drugs. 
Moreover, it also implies the need of knowing which drug to use against which yeast species. 
Until recently, this has been a relative straightforward matter, but the changing epidemiology 
changed this. The Lodderomyces clade representatives C. albicans, C. tropicalis and C. 
parapsilosis are commonly susceptible to tri-azole drugs, and C. glabrata, which is a 
representative of the Nakaseomyces clade, is usually susceptible to high doses of tri-azoles, 
but it commonly exhibits high MIC values to them, and, consequently, echinocandins are 
a more appropriate choice for treatment, and finally P. kudriavzevii and representatives of 
the Pichia clade are intrinsically resistant to tri-azoles. Knowing the phylogenetic position 
of emerging yeast species associated with human infections is important because the 
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susceptibility to antifungal drugs relates to their phylogenetic positions. Thus, the phylogeny 
is often the only guide directing towards an appropriate drug regime when we are referring to 
emerging and uncommon yeasts in the clinic. At present, there are simply not enough data on 
susceptibility patterns to the commonly used classes of antifungals of such uncommon, but 
emerging yeasts. Based on outbreaks and case reports, a correlation emerged between the 
phylogeny and antifungal susceptibility patterns (Stavrou et al., 2019). Numerous examples 
exist. The Nakaseomyces clade includes C. glabrata, but also two cryptic species of the 
C. glabrata complex that are associated with human infections, namely C. bracarensis and 
C. nivariensis (Lockhart et al., 2009). More importantly, those two species also exhibit high 
MIC values to tri-azoles, mainly fluconazole (Hou et al., 2017; Lockhart et al., 2009; Shi et 
al., 2020; Warren et al., 2010). The Pichia clade includes apart from P. kudriavzevii also P. 
norvegensis and C. inconspicua, and both are an uncommon cause of yeasts infections. 
Similar to P. kudriavzevii, these species exhibit high MIC values and/or are resistant to all 
tri-azoles drugs (Arendrup and Patterson, 2017; Sandven et al., 1997; Musso et al., 2014; 
Sugita et al., 2004). With these two examples, an initial correlation between phylogeny and 
antifungal susceptibility patterns started to emerge. Hence, we decided to expand the yeast 
species studied and included in our analysis also non-clinical yeasts that belong to the 
same clades to assess their antifungal susceptibility patterns aiming to further investigate 
a possible correlation between phylogeny and antifungal susceptibility patterns. To our 
knowledge, this has only been done before by Schmalreck et al., and they found a correlation 
between phylogeny and antifungal susceptibility patterns (Schmalreck et al., 2014). 
Whereas Schmalreck et al., investigated also filamentous fungi, here we extensively studied 
Saccharomycotina yeasts. Intrinsic susceptibility patterns correlated well to phylogeny but 
acquired resistance should not be overlooked. Important examples of acquired resistance 
are e.g., C. auris isolates that are resistant to all antifungal classes of drugs, C. albicans 
isolates that became fluconazole resistant, and echinocandin resistant C. glabrata isolates. 
The capacity of acquiring resistance to antifungal drugs and how this relates to phylogeny 
has not yet been investigated in detail. However, common genetic mechanisms may also 
guide the evolvement of acquired resistance, and a relation with the phylogenetic position 
might also be present. This, however, was not addressed in this thesis.

As mentioned before, data on antifungal susceptibility patterns for uncommon, emerging 
yeasts associated with human infections are scarce. However, recently we witnessed an 
increase of investigations into such antifungal susceptibility patterns (Borman et al., 2020; 
Borman et al., 2019; Desnos-Ollivier et al., 2021; Pérez-Hansen et al., 2019; Díaz-García et 
al., 2020; Stavrou et al., 2020). The only source that was available at the time we performed 
our analysis was the publication by Desnos-Olivier et al., (2012) in which the antifungal 
susceptibility profiles of a large number of yeasts from the CBS culture collection (Westerdijk 
Fungal Biodiversity Institute) were presented. A major limitation of this study is that for most 
species only one strain was tested and caspofungin was the only echinocandin available 
when that study was conducted. Therefore, we selected a large number of species and strains 
to investigate their susceptibility to eight antifungals, namely amphotericin B, fluconazole, 
itraconazole, posaconazole, voriconazole, anidulafungin, caspofungin, and micafungin with 
the EUCAST broth microdilution method. The 14 species were associated with emerging 
infections in humans and the strains tested (N=234) were of diverse origin, e.g. strains isolated 
from humans, industrial and environmental strains from CBS culture collection hosted at the 
Westerdijk Fungal Biodiversity Institute Collection. The majority of those clinically emerging 
species tested showed elevated MIC values to one or two classes of the antifungals tested, 
usually tri-azoles or echinocandins. High MIC values to amphotericin B were uncommon, 
but present for certain strains of Kluyveromyces marxianus (= Candida kefyr), C. auris and 
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Yarrowia lipolytica (= Candida lipolytica). The limitation of our study is mainly the number 
of strains used. For instance, eight out of the 17 strains of K. marxianus used in our study 
showed high MIC values for amphotericin B, but in a study by Borman et al., with a larger 
number of clinical isolates (N=146), high MIC values to amphotericin B were not found 
(Borman et al., 2020). This might be related to the use of the CLSI methodology whereas we 
used the EUCAST broth microdilution method. Other studies, also highlighted the potential of 
K. marxianus to become multidrug resistant and found elevated MIC values for amphotericin 
B (Dagi et al., 2016; Ahmad et al., 2020). This is an example of how different strains from 
different sources and geographical regions show varying susceptibilities to antifungal drugs 
and why it is a necessity, in the face of emerging yeast infections, to test more rare yeast 
species and multiple strains and isolates per species, also from various geographic regions. 
Also, the use of a universal antifungal susceptibility testing system would give more accurate 
and better comparable results within one species and, hence, result in more uniform MICs. 

Given the limited arsenal of available antifungal drugs and the rise of resistance, there is a 
need to turn to alternative compounds for the treatment of yeast infections. The antimicrobial 
peptide hLF(1-11) that is part of human lactoferrin is such a potential candidate (Brouwer 
et al., 2018; Chapter 4). Antimicrobial peptides have been investigated for the treatment 
of bacterial infections to a large extent, due to the high clinical risk of multidrug resistant 
bacteria, but data for yeasts are scarce. There is increasing evidence that they can contribute 
to combat antifungal resistance and reduce drug toxicity (Buda De Cesare et al., 2020). 
Here we investigated the efficacy of hLF(1-11) alone and in a combinatory test setting with 
fluconazole and anidulafungin for species and/or isolates that were resistant for those two 
drugs according to the EUCAST guidelines. Though our research findings are limited as 
they were only performed in vitro, there is evidence that lactoferrin-derived peptides have 
the potential to be used in the clinic eventually (Dijksteel et al., 2021; Koo & Seo, 2019). 
Lactoferrin-derived peptides have been used successfully against Candida spp. alone and 
in combination with antifungal drugs in animal models (Lupetti et al., 2007; Liao et al., 2019; 
Fernandes et al., 2020). It has also been shown that the combinatory use of an antimicrobial 
peptide and antifungals has the potential of synergy, i.e., the MIC of the antifungal drug 
decreases in the presence of the peptide, which we also showed here (Chapter 4; Kuipers et 
al., 1999; Fernandes et al., 2020; Kobayashi et al., 2011; de Oliveira Santos et al., 2018). The 
MIC values of the drugs from the combinatory testing were always 1-2 serial dilution titres 
lower than the MIC values of the drug alone, which implies that the drugs in combination with 
hLF(1-11) can be used against species or isolates which were previously resistant to these 
commonly used antifungals, such as fluconazole and anidulafungin. Potentially, this provides 
an improvement for the treatment of yeast infections caused by intrinsic and acquired 
resistant yeast species and isolates, as well as for emerging species with unknown antifungal 
susceptibility profiles that often turned out to be resistant to certain classes of antifungal 
drugs, but whether this will work in vivo needs to be evaluated. An important consideration is 
that the occurrence of resistance to antimicrobial peptides, including hLF(1-11), has not been 
observed as they are novel compounds, but this may happen after prolonged use. 

Section II: Development of novel hydrolysis probe qPCR-based assays for 
the diagnosis of Saccharomycotina yeasts associated with human infections 
and Malassezia spp.

There are many different methods available for the detection and identification of yeasts 
(Consortium OPATHY and Gabaldón 2019). PCR is superior to other methods, such as 
chromogenic media, biochemical and antibody tests, due to its high specificity, the capability 
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of an absolute identification and the detection of DNA without the need of a live cell in the 
sample, and the fact that a clinical sample can be used directly in the assay (Khot and 
Fredricks 2009). Especially, the latter is a tremendous advantage over other methods that 
require a culture. The direct use of a clinical sample minimizes the time needed to obtain a 
result and translates to faster administration of the appropriate antifungal drug to the patient. 
For this reason and because of the emergence of rare yeast infections we developed 
a qPCR assay with hydrolysis (TaqMan) probes that could detect 25 Saccharomycotina 
species involved in human infection, including the five most common species i.e. C. 
albicans, C. tropicalis, C. parapsilosis, C. glabrata and P. kudriavzevii. Moreover, this assay 
was designed taking into consideration the antifungal susceptibility profiles of the yeasts. 
Thus, each one of the three reactions in this assay addresses different intrinsic antifungal 
susceptibility patterns. The 1st reaction includes species which rarely show resistance to 
any of the commonly used systemic antifungals, except C. parapsilosis which is associated 
with exhibiting high MICs to echinocandins, the 2nd reaction includes species with high MIC 
values to azoles and potentially to echinocandins, such as C. glabrata, and the 3rd reaction 
includes species with high MIC values to azoles, echinocandins and that potentially 
develop resistance to amphotericin B, such as C. auris. To our knowledge, this is the first 
assay that detects 25 species and simultaneously hints to their antifungal susceptibility 
pattern. Numerous qPCR assays exist for the detection of yeast species. The commercially 
available ones usually target the five most common species and the ones described in 
literature usually target a specific species (Busser et al., 2020; Leach et al., 2018; Avni et 
al., 2011; Camp et al., 2020; Ziegler et al., 2014). Those assays cover a large portion of 
the existing yeast infections as the five most common species amount up to ~90% of all 
yeast infections worldwide (Stavrou et al., 2019; Chapter 2). Assays that target a specific 
species are usually developed to investigate outbreaks, such as those caused by C. auris. 
Our assay, since it already targets 25 different species, has the potential to be used directly 
without the need of developing targeted assays in case of outbreaks or in case an emerging 
yeast species is present in the clinical sample. Moreover, it also includes the most common 
species of Candida that are associated with human infections.

This assay is a proof-of-concept assay. There are still steps to be taken before this 
assay can be used confidently in a clinical setting. One limitation is the intra-species 
genetic diversity that has been described for different genera of yeasts and filamentous 
fungi and that is usually based on nucleotide variation of the ribosomal DNA region. In 
most assays the Internal Transcribed Spacer (ITS), which comprises of ITS1, 5.8S rDNA 
and ITS2, was used to develop the species-specific primers and probes (West et al., 2014; 
Chen et al., 2016). Even with the small number of strains per species that we used for the 
development of this assay, we discovered variation within this region of a probe specific for 
Wickerhamiella pararugosa and, therefore, we had to redesign this specific probe to cover 
the genetic diversity of all five isolates included. Furthermore, we downloaded every single 
sequence available from NCBI GenBank of this species to include as many polymorphisms 
as possible. The solution to this is straightforward, namely sequencing of the ITS region 
of all strains encountered. However, for many reasons this is not as simple, e.g. mistakes 
and misidentifications in public databases do occur (Chapter 8), sequencing might not 
be standard practice in every clinical laboratory, and the data may derive from many 
independent researchers and clinicians worldwide introducing inter-laboratory bias. Our 
qPCR has been tested with DNA derived from culture material. However, a small number 
of clinical samples, i.e., fluid from a knee aspiration and a blood sample, have been tested 
in collaboration with UMC Utrecht. Those samples were initially suspected cases of a yeast 
infection, but later they turned out not to be caused by a yeast and, consequently, our assay 
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was negative for Candida spp. The internal human DNA control, however, was positive 
which is a first indication that our assay can be used for human clinical samples. A much 
larger number of proven cases of candidiasis needs to be tested for the assay to get 
clinically validated. Even though this was in the scope of this project, we were not able to do 
this due to the SARS-CoV-2 pandemic and the restrictions that followed. Currently, there is 
a collaboration with two University Medical Centres, namely in Utrecht and Amsterdam, to 
further test this assay with clinical samples with and without a proven yeast infection and, if 
successful, this will be followed by clinical validation using double blinded trials.

In the same spirit, we developed a Malassezia TaqMan-based qPCR. Malassezia 
species have the potential to cause life-threatening sepsis in low-birth weight neonates 
that receive lipid supplementation and though it is considered an uncommon infection, the 
true prevalence of it is unknown (Bell et al., 1988; Al-Sweih et al., 2014; Rhimi et al., 2020). 
Likely, the main reason for this underdiagnosis is the lipid requirement that most species 
of the genus Malassezia have for growth. Thus, the growth media are complex and require 
an abundance of lipids. Since the commonly used media in routine diagnostics, such as 
Sabouraud Dextrose Agar, do not contain added lipids, the prevalence of Malassezia 
infections is likely largely underestimated (Rhimi et al., 2020). The importance of an assay 
that detects representatives of this genus directly in clinical specimen, e.g. blood, is of 
important considering the vulnerable patient group, namely neonates.

The available PCR-based methods related to the diagnosis of Malassezia infections 
are commonly based on confirmation of a Malassezia infection and not actual its 
detection, because the majority of Malassezia-related infections are skin-related infections 
and dermatologists take mainly the clinical presentations into consideration to reach a 
diagnosis (Saunte et al., 2020). In cases of bloodstream infections, the clinical presentation 
does not differ between infections caused by Candida spp. or Malassezia species. In 
bloodstream infections caused by Malassezia species it is of paramount importance that 
the commonly used parenteral lipid-supplement nourishment catheter lines are removed 
next to administering the appropriate antifungal drug regime, namely use of amphotericin 
B, voriconazole or echinocandins (Arendrup et al., 2014). PCR-based assays are available 
for the detection of Malassezia cells from clinical samples, but they are limited in number 
and they usually target either skin samples or clinical samples from animals (Zhang et al., 
2013; Puig et al., 2019; Ilahi et al., 2017; Gholami et al., 2020). From these, only one was 
found that used hydrolysis probes like our assay and the samples used were swabs from 
domestic animals and human skin samples (Ilahi et al., 2017). The reasons for the lack 
of a PCR-based method for the diagnosis of Malassezia bloodstream infections is likely 
the assumed rarity of this type of infection. Our assay was developed to specifically target 
representatives of the whole genus keeping in mind the specific requirements for treating 
Malassezia bloodstream infections, i.e., removal of catheter lines and treatment with 
antifungal drugs. Unfortunately, we could not hitherto test the assay with clinical samples, 
as they were not available due to their rarity and time restrictions to collect samples from 
different collaborators. This assay would need to be further tested with clinical samples 
from proven cases of Malassezia bloodstream infections to get used in clinics worldwide.

Section III: Candida albicans in the human gut- Irritable Bowel Syndrome and 
a story on the misidentification of a yeast

In many aspects, C. albicans can be considered the second most well-known yeast after 
Saccharomyces cerevisiae and, it is the most well-known yeast in connection with human 
health. After discussing Candida-related bloodstream infections and their antifungal 
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susceptibility patterns, there is one other aspect that we will discuss here, namely the 
involvement of C. albicans in Irritable Bowel Syndrome (IBS). Although it is widely known 
that C. albicans is a coloniser of the human bowel, a comprehensive study of the fecal 
mycobiota and sub-species variation has, to our knowledge, not been performed before. A 
link between mycobiota variations and changing visceral status associated to complaints 
from the IBS patients was not observed. We observed an inter- and intra-individual variation 
of C. albicans obtained from the human gut as found by Amplified Fragment Length 
Polymorphism (AFLP) analysis. The fecal samples from two groups of IBS patients, namely 
hypersensitive and normosensitive ones, and healthy individuals resulted in an abundance 
of C. albicans, which was found to be associated with diarrhoea-predominant IBS (Hong 
et al., 2020). In addition, it was shown that different C. albicans strains were associated 
to intestinal diseases and with host-microbe interactions via exhibiting different virulence 
traits, such as epithelial adhesion (Cavalieri et al., 2017; Di Paola et al., 2020; Marakalala 
et al., 2013). The differences in virulence of different C. albicans isolates are important as 
the human gut is a reservoir of C. albicans from where it can spread and cause a systemic 
infection (Miranda et al., 2009). Different strains were found to possess different virulence 
traits, which can make a specific strain more potent in causing a systemic infection. 
Differential expression of virulence genes, such as ALS3, ECE1, and SAP2, and epithelial 
damage was observed among a small set of C. albicans isolates indicating that such 
differences indeed exist between hypersensitive, normosensitive and healthy individuals 
(Chapter 7). Inclusion of a larger number of strains could possibly provide a clearer picture 
on the correlation of strain diversity and disease characteristics. Nonetheless, this research 
is a basis for further investigation of the yeast communities of the mycobiome in IBS.

We, like many other researchers, based our search on information present in public 
nucleotide databases, such as NCBI GenBank (https://www.ncbi.nlm.nih.gov/genbank/). It 
is common knowledge that nucleotide and genome databases contain mistakes, such as 
misidentification and use of a wrong nomenclature (Stavrou et al., 2018). We encountered 
such a mistake of a whole genome sequence isolated from the human gut. This case 
was further analysed and we proposed a protocol (Chapter 8), which could assist to 
eliminate such mistakes in the future. The misidentification we came across related to 
a C. albicans isolate from the human gut that was wrongly identified as Naumovozyma 
dairenensis, a species that has never been associated with colonisation of humans. Since 
a lot of research is based on retrieving information from such databases, such mistakes 
will propagate if certain checkpoints are not established. The existence and maintenance 
of public databases is an indispensable feature of worldwide concentrated knowledge and 
it is understandable that with the vast amount of information they will contain mistakes. 
For the promotion and maintenance of good science, we consider it important for public 
databases to be accurate and precise on the information they upload. We expect that the 
guideline proposed will contribute to achieve that aim.

CONCLUDING REMARKS

This thesis provided extensive information on the epidemiology and prevalence of emerging 
Saccharomycotina species worldwide and showed that for many uncommon but emerging 
yeasts not much information is available. After the worldwide emergence of C. auris-related 
nosocomial outbreaks, we stress the importance of better studying emerging yeast species 
with respect to their antifungal susceptibility profiles. We showed how those emerging 
species are, in many cases, not sensitive to certain antifungal drug classes and in certain 
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cases strains were even multidrug resistant. Multidrug resistance is a threat to human health 
as it is well known in the case of e.g., multidrug resistant Staphylococcus aureus (MRSA). 
With antifungal drugs, it can be even more pronounced as the number of antifungal drug 
classes that is available is very limited. An antimicrobial peptide, namely hLF(1-11), was 
shown to be effective against Saccharomycotina yeasts associated with human infections, 
alone and in combination with fluconazole or anidulafungin. Treatment, however, does come 
secondary to diagnosis and for this reason, the multiplex TaqMan-based qPCR assays 
for the detection of 25 Saccharomycotina species and the representatives of the genus 
Malassezia are potentially valuable additions to the diagnostics arsenal. In the immediate 
future, the Saccharomycotina qPCR will be clinically validated. Since C. albicans is a 
part of human intestine, it is likely that a connection exists between their presence in the 
human gut and some intestinal diseases. Research on the relation between the gut yeast 
mycobiome and bowel diseases, as well as its potential function as a reservoir to cause 
systemic infections is still in its infancy, and therefore there is an urgent need for extensive 
and larger studies on the mycobiome diversity of people with gut diseases, as well as those 
at risk for yeast infections.
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