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Abstract

Cryptococcus neoformans and C. gattii are well-studied basidiomyceteous yeasts that are capable 

of causing disease in healthy and immunocompromised people. The Conference on Cryptococcus 

and Cryptococcosis (ICCC) is held every three years: the accompanying Special Issue stems from 

the 9th ICCC and covers a subset of the topics related to these fungi in detail. This conference 

started with a revised and reduced estimate of disease burden globally, in part due to improved 

treatment for HIV+ people. However, mortality from cryptococcosis remains consistently high for 

those unfortunate to have limited access to therapies or without underlying immunodefiencies. As 

such, there are yet still great distances to be covered to address antifungal drug availability, the 

need for new antifungal agents and the timing and doses of these agents in conjunction with 

antiviral therapy, underscoring the importance of continued research. A notable point from the 9th 

ICCC was the research addressing the variation in the pathogen and host populations. Analysis of 

cryptococcal strain variability, particularly at the molecular level, has resolved distinct lineages 

with the consequence of a taxonomic revision that divides C. neoformans and C. gattii into seven 

Cryptococcus species. Similarly, analysis of host factors in so called “immune-competent” 

individuals revealed previously unrecognized risk factors. Research on these species has 

established them as important model organisms to understand gene evolution and function in other 

fungi and eukaryotes. The stage is set for the refinement of research directions, leading ultimately 

to better treatment of this pathogenic monophyletic clade in the genus Cryptococcus. 
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1. Introduction

Cryptococcus neoformans was first described over a century ago as a yeast growing from an 

environmental source and from a human patient (Perfect and Casadevall, 2011; Srikanta et 

al., 2014). Since that time and particularly as a consequence of AIDS, the fairly rare fungus 

in clinical settings emerged to become one of the world’s most problematic killers (Park et 

al., 2009). The medical mycology community stepped up to face this challenge at the start of 

the AIDS pandemic, brought in a number of new investigators and explored different angles 

of the fungus and disease it causes. One consequence was the organization of the 

International Conference on Cryptococcus and Cryptococcosis (hereafter ICCC), held 

roughly every three years since 1989 (Kwon-Chung et al., 2012). First held in Jerusalem and 

then subsequently Milan, Paris, London, Adelaide, Boston, Nagasaki, and Charleston, the 

9th conference was held in Amsterdam, 15–19 May 2014, bringing together the largest group 

thus far of 303 investigators to discuss the latest discoveries on the fungus and disease.

In addition to the trends of change and adoption of new technologies that are often presented 

at scientific meetings, a notable feature of the 9th ICCC was the research indicating that this 

is neither a single pathogen nor a single patient population. The variability between 

pathogens and hosts has been appreciated for many years. From the fungal side this has 

resulted in the separation of strains into different serotypes, varieties, groups based on 

molecular markers, and establishing two species C. neoformans and C. gattii (Kwon-Chung, 

1976; Kwon-Chung et al., 2002). Hosts include diverse animal species (Malik et al., 2011), 

and for the human host a separation into immune status such as HIV+, otherwise 

immunosuppressed, and other unknown susceptibilities. However, there is now greater 

realization of the different fungal subtypes and their biology and the underlying immune 

status of the patient population, and consequences in clinical outcome.

This issue has 10 articles that provide the current state-of-the-art in specific areas related to 

the biology of the Cryptococcus species and host factors that shape the outcome of the 

infection. These are selected to highlight some key areas in the field, and by no means 

would this collection be considered comprehensive. Two books on the topic are valuable 

references (Casadevall and Perfect, 1998; Heitman et al., 2011). The abstracts from the talks 

and posters from the 9th ICCC are also available in a special issue of Mycoses (2014 volume 

57). We can anticipate a series of exciting publications based on the data presented at the 

conference. With the rest of this editorial we aim to unite the papers in this issue in a wider 

context of the latest developments in research on Cryptococcus and beyond, and draw 

attention to the overlaps between particular topics.

2. Cryptococcosis as a major global health problem

How serious a problem is cryptococcosis? A much cited article on the global incidence and 

impact of cryptococcosis estimated 624,700 deaths each year, within wide confidence 

intervals of 125,000 to 1,124,900 (Park et al., 2009). Most articles use the 625,000 figure, 

and the cryptococcosis calculations are the basis of global estimates of mortality due to all 

fungal diseases [e.g. (Armstrong-James et al., 2014; Brown et al., 2012)]. At the 9th ICCC 

David Boulware presented revised estimates of cryptococcosis mortality that drop that of 

Idnurm and Lin Page 2

Fungal Genet Biol. Author manuscript; available in PMC 2016 May 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Park et al. by about half. While this is still within the original range proposed by Park et al., 

this decreased mortality is also in part due to improved treatment that occurred in the last 

five years and reflects genuine medical advances in some countries. Other talks addressed 

the changing demographics of the patient population with cryptococcosis. For example, the 

trend presented by John Perfect at the ICCC was for decreased mortality in the HIV positive 

population in developed countries, but not amongst the “otherwise healthy” group. This is 

borne out by recent estimates of mortality rates in the United States, with 80% of people 

succumbing to the disease in the last 11 years not being HIV positive, in contrast to the early 

days of the AIDS pandemic (Barragan et al., 2014).

While countries like the U.S.A. and in Europe may have made major inroads in treating 

cryptococcosis and mortality overall has decreased, other parts of the world are not so 

fortunate. Dr. Boulware described experiences in testing the timing of the initiation of 

antiviral treatment in cryptococcosis patients in Uganda (Boulware et al., 2014a), and 

commented that a medical innovation was a set of hooks placed in the walls from which to 

hang drips. His comments about the severity of cryptococcosis in Uganda were also 

supported by Thomas Harrison in the opening address, noting that mortality rates are 

consistently at about 75% in South Africa. This is borne out by other experiences in Africa. 

For example, recent studies looking at two doses of fluconazole treatment in Malawi 

reported 10-week mortality rates at 55 and 57% (Gaskell et al., 2014; Rothe et al., 2013).

One article in this issue covers the raising concerns of cryptococcosis in China (Fang et al., 

2015). The impact on cryptococcosis on the world’s most populous country remained little 

known for many years (Yuchong et al., 2012), and the current article provides a snap shot of 

the progression of this disease and the causative agents. Many of the patients are described 

as immune-competent, indicating that there may be some genetic or other risk factors 

associated with this ethnic group. One risk correlates with alleles of the Fcγ receptor that 

bind opsonized pathogens (Hu et al., 2012). Other articles and talks at the 9th ICCC 

addressed the distribution of the disease and strains in other parts of the world. In light of the 

estimates of global disease burden, accurate assessments are vital to provide a rationale to 

agencies to invest in efforts to combat this disease.

Research on Cryptococcus species and the diseases should remain a priority in terms of 

finding new or refining current strategies for treatment and to elucidate the underlying basic 

biology needed to bring these to fruition. However, clinical findings provide evidence that 

treating cryptococcosis is complex, the outcome is heavily influenced by socioeconomic 

conditions, and that combating the disease requires more than just administration of 

antifungals to a patient.

3. The Cryptococcus species and their detection

A mycology trend has been the revision of the names of species, usually based on insight 

gained from molecular approaches of cryptic species, but also driven by abolishing sections 

of the Code of Botanical Nomenclature under which fungi were named (de Hoog et al., 

2013). Characterization of Cryptococcus strains from around the world has resolved distinct 

groups, and hence C. neoformans and C. gattii are further divided into serotypes, varieties, 
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VN or VG subgroups, or molecular marker profile numbers. It is striking to note that the 

first talk of the inaugural ICCC in 1989 was titled “Genetic basis for the current taxonomic 

system of Cryptococcus neoformans” as given by June Kwon-Chung, and discussions on 

revisions to naming – possibly with groups being species – have been spirited at subsequent 

meetings (Kwon-Chung et al., 2012). Hagen and colleagues provide a new and long-awaited 

nomenclature for the organisms in what is sometimes termed the “Cryptococcus neoformans 

species complex” (Hagen et al., 2015). There have been challenges to produce a new naming 

system; for instance, many isolates in different lineages are capable of fusion with others 

during the sexual cycle. Indeed the type strain for C. neoformans is a hybrid of two species 

(Hagen et al., 2015; Kwon-Chung and Varma, 2006). Under the new nomenclature, C. 

neoformans refers to those strains considered serotype A or var. grubii, and C. 

deneoformans for serotype D or var. neoformans. Strains of C. gattii will be divided into 

five species: C. gattii, C. bacillisporus, C. deuterogattii, C. tetragattii and C. decagattii. 

This nomenclature provides a way to refer to these organisms rather than the current mix of 

non-standard terms.

An essential step in the treatment of cryptococcosis is first being able to make an accurate 

diagnosis and to do so as quickly as possible (Perfect and Bicanic, 2015). The methods to do 

this have changed over time, with the latest being a lateral flow assay (LFA) that relies on 

antibody detection of the fungal glucuronoxylmannan in the capsule. This assay offers a 

number of benefits over previous methods, including accuracy (Boulware et al., 2014b; 

Tang et al., 2015). One disadvantage of LFA is the inability to resolve the strain subtypes (or 

species) with the pathogenic Cryptococcus species clade, as was possible using the 

serotyping system from Iatron Laboratories (Tokyo, Japan) that is no longer available. It is 

worth reflecting that the need for rapid and accurate strain classification in different groups 

was instrumental in the development of molecular-based methods that then revealed 

underlying unique subgroups within the species [e.g. (Meyer et al., 1999; Meyer et al., 

1993)]. At the same time, finding standard, easy to use and cheap clinical tools to define to 

species level continues to remain a goal.

4. Pathogenicity and disease

The seven species within the C. neoformans species complex are a rarity amongst those 

species in the genus Cryptococcus by being pathogenic to humans. MycoBank recognizes 

322 legitimate species names in the genus (accessed 29 November, 2014). This 

monophyletic group within the genus therefore has specific capabilities for virulence. The 

best-studied factors in Cryptococcus linked to causing disease are growth at 37°C, 

biosynthesis of the pigment melanin, and the production of a polysaccharide capsule. 

However, with the development of methods for targeted gene replacement and random 

insertional mutagenesis, genes controlling these three traits and others for virulence are 

being identified rapidly. The latest developments in identifying new, and in characterizing 

the classical virulence determinants, were presented during the meeting, and reviewed in this 

issue by Andrew Alspaugh (Alspaugh, 2015). Dr. Alspaugh described some of his own 

research at the 9th ICCC on one such virulence factor, the Rim101 transcription factor. 

Rim101 is involved in the pH sensing and response pathways, and is one of the few 

transcription factors that have been analyzed widely in medically-relevant fungi. A curious 
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aspect about the rim101 mutant strain compared to the wild type is that when it is used to 

inoculate mice, the animals succumb to disease more or equally rapidly. Yet they do so 

through differing mechanisms (O’Meara et al., 2013). The rim101 mutant has an altered cell 

surface, triggering a different set of cytokines to be induced compared to wild type and the 

enhanced but damaging pro-inflammatory responses. This finding provides an exciting 

example of the importance of balanced host response to Cryptococcus in order to clear the 

infection without causing inflammatory tissue damage. It also points to how pathogen 

variation could relate to host susceptibility differences to influence disease outcome, and 

underscores the need to consider both the host and pathogen simultaneously in designed 

experiments. In this issue, there are updates on the molecules that act at the interface of 

Cryptococcus and the host that determine disease susceptibility.

The Cryptococcus spp. are described as yeasts but this is just one of the many cell types. In 

addition to the yeast morphology that is most commonly observed, other cell forms exist that 

include hyphae (some with fused or unfused clamp connections characteristic of 

basidiomycete dikaryon hyphae), pseudohyphae, blastospores, basidiospores and titan cells 

(Wang and Lin, 2012). Cells can have haploid, diploid, higher ploidies, or aneuploid 

genome compositions. Added to the complexity is the cellular age, which affects the size of 

cells and their physiology. Each of these cell types likely has different properties, and 

multiple talks at the 9th ICCC covered these aspects, including by Christina Hull 

(basidiospores), Kirsten Nielsen (titan cells), Bettina Fries (old cells), and Xiaorong Lin 

(filamentous cells). However, a number of questions remain to be addressed about these cell 

types. How relevant are each of these forms in clinical situations and in the environment? 

What factors control how they form? And, is it possible to translate such information into 

clinical use, such as through vaccine or targeted drug development? In this issue two 

reviews cover a subset of the different cell types. Bouklas and Fries review the role of 

ageing cells in the population (Bouklas and Fries, 2015). Fu et al. provide a perspective of 

the role of mating between strains of the same mating partner (Fu et al., 2015). Mating 

generates a suite of different cell types and meiosis is part of an alternation of different cell 

ploidy. In addition, mating is a source of aneuploid strains (Ni et al., 2013).

The ability to change physiology and the time frames to do so by the fungus are of interest 

with respect to host interactions. What exactly the fungus encounters and responds to at the 

initial interaction and during the course of disease is still largely a mystery. Analysis of 

fungi taken from hosts at different times and tissues provides some clues that the host is an 

environment that selects for, and potentially drives, cell plasticity. There is evidence that the 

host selects for older cells (Bouklas et al., 2013), triggers DNA mutations (Magditch et al., 

2012), induces the formation of the larger titan cell form in lungs [see review by (Zaragoza 

and Nielsen, 2013)], and changes to oval shape for brain invasion (Shi et al., 2010). 

Furthermore, exposure to azole antifungals triggers changes in chromosome numbers that 

lead to heteroresistance (Sionov et al., 2013; Sionov et al., 2010).
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5. Host responses to Cryptococcus and host treatment options and 

limitations

The other side to cryptococcosis is the patient population. Exposure to Cryptococcus can be 

high, as demonstrated by the presence of anti-cryptococcal antibodies from an early age 

(Goldman et al., 2001), yet not everyone develops cryptococcosis disease. Talks at the 9th 

ICCC addressed new discoveries about the underlying risk factors in contracting disease in 

the human population, such as the recent finding of patient populations susceptible to C. 

neoformans and C. gattii having autoantibodies to granulocyte-monocyte stimulating factor 

(Rosen et al., 2013; Saijo et al., 2014), and the correlation of specific Fcγ receptor alleles 

with susceptibility (Hu et al., 2012; Rohatgi et al., 2013). Two articles in this special issue 

focus on the host side of the disease. One describes the mammalian cells and their responses 

to infection (Gibson and Johnston, 2015). The other covers the molecules produced by both 

the host and fungus and how these impact the outcome of the interaction (Wozniak et al., 

2015). Cryptococcus spp. have a broad host range, in that many animals other than humans 

are also affected naturally (Malik et al., 2011). This provides research advantages in terms of 

using these as models for the disease. Hence, many immunological and virulence studies 

have used these animal models. However, an absence from the 9th ICCC, in contrast to 

previous conferences, was presentations from veterinarians. A talk by Mitra Shourian on 

genetic mapping of susceptibility genes in mice highlighted the potential that these 

alternative hosts may offer, beyond as substitutes for a human host for virulence assays, for 

identifying host factors that contribute to disease severity or protection.

There is increasing overlap between research on fungal biology and host immunology. One 

example is the work in developing a cryptococcal vaccine, with several approaches being 

used. Different cell forms have been tested, including the pseudohyphal RAM pathway 

mutants (Fromtling et al., 1979), hyphal strains due to Znf2 overexpression (talk by 

Xiaorong Lin), and a mutant strain that produces chitosan and not chitin (talk by Jennifer 

Lodge). Each of these approaches reflects the ability of these altered strains to present 

different materials enabling host recognition while being attenuated for virulence. Other 

approaches have included the option to alter the host immune system at the same time, such 

as using a cryptococcal strain that produces host γ-interferon, a molecule that induces 

protective effects against Cryptococcus (Jarvis et al., 2012; Wormley et al., 2007). Yet 

another approach, described by Françoise Dromer, is the use of specific protein antigens, 

such as an aspartyl peptidase, to trigger immunity. Analysis of the effects of these stimuli to 

the host will help our understanding of cellular and/or humoral basis for protection from 

subsequent exposure to the fungus.

Cryptococcosis would be an insignificant disease if effective antifungal therapies were 

available to all patients. The estimates of deaths due to these diseases in the hundreds of 

thousands each year indicate that this is clearly not the case. There are multiple challenges to 

effective antifungal treatment, and they include diagnosis, timing of treatment, cost of 

treatment, efficacy of the drugs, and availability of drugs. A recent discovery is that 89% of 

South African patients with a relapse of cryptococcosis are reinfected by the original strain 

for a second time (Van Wyk et al., 2014), raising concerns for gains in drug resistance 
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(temporarily through heteroresistance or permanently through genetic mutations) or 

inefficiency of current drug regimens to clear the fungus. This problem extends far beyond 

Cryptococcus spp. as it reflects the overall limited arsenal of antifungals available in 

medical mycology and in agriculture (Denning and Bromley, 2015; Roemer and Krysan, 

2014). Effective antifungal drug treatments are further exasperated by global access: for 

instance, the parts of the world with highest cryptococcosis burden do not have available 

either the liposomal formulation of amphotericin B or 5-flucytosine (Loyse et al., 2013). 

Damian Krysan discusses approaches to speed the discovery of new drugs to treat 

cryptococcosis (Krysan, 2015). One approach is to take drugs already approved for other 

purposes and test them for their effect on pathogenic fungi. The approach has already 

produced results. Examples of “repurposed” antifungal agents active against Cryptococcus 

include anticancer agents (Butts et al., 2014) and the anti-depressant drug sertraline (Zoloft) 

(Nayak and Xu, 2010; Zhai et al., 2012) that is currently in a phase 3 clinical trial.

6. New techniques and resources for research on Cryptococcus

While the initial research on Cryptococcus focused on medical aspects, the species complex 

has emerged as a powerful model set of species for understanding gene functions, eukaryotic 

biology, and evolution more generally. Some more recent examples include the role of this 

species in understanding sexual reproduction [e.g. reviewed by (Fu et al., 2015)], the 

functions and evolution of RNAi and as part of genome defense (Dumesic et al., 2013; 

Wang et al., 2010; Wang et al., 2012), and how introns impact gene expression (Dumesic et 

al., 2013; Goebels et al., 2013). One study found little correlation between the sensitivity to 

chemicals and stresses of mutants made in homologous genes of C. neoformans and 

Saccharomyces cerevisiae (Brown et al., 2014), providing experimental evidence that 

supports the convergent evolution of the yeast form of growth in fungi (Nagy et al., 2014). 

The Cryptococcus species fill a vacuum to be able to understanding fungal and more broadly 

eukaryotic biology.

Progress on both the fundamental and the applied research on Cryptococcus species has 

been driven by technology (Zhang et al., 2015). Advances have included improvements in 

gene disruption or silencing, microscopy, genome-wide expression analysis and new animal 

models. The ease of crossing the C. neoformans and C. gattii species is an advantage 

compared to other medical fungi where classical genetics has remained difficult or 

impossible to achieve under laboratory conditions. Congenic pairs are available for C. 

neoformans, C. deneoformans and C. deuterogattii that have available genome sequences 

(Kwon-Chung et al., 1992; Nielsen et al., 2003; Nielsen et al., 2005; Zhai et al., 2013; Zhu et 

al., 2013). Crosses between non-congenic isolates can enable gene identification through the 

process of map-based cloning (Lin et al., 2006; Toh-e et al., 2015). In the genomics 

workshop at the end of the ICCC, Hiten Madhani provided an update on the progress and 

challenges to make a complete deletion set of the non-essential genes in C. neoformans, 

following similar approaches his laboratory developed for the creation of 1200 gene 

replacement mutants (Liu et al., 2008). In 2015 he has also made more than 2000 new 

strains available from the Fungal Genetics Stock Center (www.fgsc.net). The gene deletion 

resource will be the first for a medically-relevant fungus and the Basidiomycota.
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Genomics has increasingly impacted Cryptococcus research especially in understanding 

differences between strains: from the ability to design approaches for multi-locus sequence 

typing or molecular markers to genomics. Microbiology is at a point where genome 

sequences of strains are replacing molecular markers. Genome sequences can provide the 

complete information on gene content, and have many advantages in experimental 

approaches to test gene functions. For instance, these sequences can reveal potential 

redundancy in gene functions, and as an example the need to mutate multiple genes before 

observing a phenotype (Kretschmer et al., 2014).

2014 saw the completion of the first C. neoformans (var. grubii) genome, one of the best 

assembled and annotated fungal genomes because of the use of RNA-seq data to confirm 

gene positions (Janbon et al., 2014). One feature of the Cryptococcus species and many 

other basidiomycetes is their intron-richness, and the role of these introns are under 

investigation in terms of stabilization of gene expression (Goebels et al., 2013) and in the 

regulation of transposon expression through a spliceosome stalling mechanism (Dumesic et 

al., 2013). For the Cryptococcus species, five genomes were competed using the Sanger 

chemistry and whole genome shotgun cloning approaches (D’Souza et al., 2011; Janbon et 

al., 2014; Loftus et al., 2005; Ni et al., 2013), and now >350 strains have been sequenced 

using next-generation techniques based on talks in the genomics workshop at the 9th ICCC. 

Genomic research highlights relate to discovering the origin of the C. gattii outbreak in 

western Canada and the northwest of the United States. The level of resolution gained 

through genome sequencing of the strains provides evidence for not a single outbreak, 

instead that several independent starting populations have increased in abundance (Billmyre 

et al., 2014; Engelthaler et al., 2014; Hagen et al., 2013).

7. Future directions before Rio 2017

The consequences of refining the “Cryptococcus neoformans species complex” into seven 

species and a greater appreciation that the disease affects a wide range of individuals in 

terms of their immunological status may take time to be realized. However, direct 

comparisons between the fungal species have already started. One example is the analysis of 

strains from six of the seven species for their responses to the candidate antifungal agent 

mycophenolic acid, where the authors found that five were sensitive and only C. tetragattii 

(C. gattii VGIV) was resistant (Morrow et al., 2012). A second example, based on genome 

sequencing data, is the discovery that the RNAi machinery is missing in C. deuterogattii (C. 

gattii VGII) (D’Souza et al., 2011).

The major question arising from the research presented at the ICCC is how to prioritize 

future research efforts. First, which isolates should be the reference ones from each of the 

seven Cryptococcus species for subsequent detailed research or new genome sequencing 

projects? Should there be more than one wild type strain for each species, such as one of 

each mating type and ideally a congenic pair of robust mating partners? On reaching a 

consensus, these strains need to be available for distribution to researchers around the world 

in a coordinated manner. This is important since microevolution occurs under laboratory 

conditions, leading to confounding differences between observations of the “same” strain 

from independent groups (Franzot et al., 1998; Janbon et al., 2014). Hence, these strains 
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would preferably be freely available from a single common source. Second, there is the need 

for a way of dealing with the explosion of genomics data and other large data sets to make 

this more easily assessable. Different questions are likely to be asked by different people, 

and providing an easy way of studying the genomic, transcriptomic or large scale clinical 

data and comparing between them would open new directions. Third, within the context of 

the impetus to study Cryptococcus spp., putting the host and pathogen – or now hosts and 

pathogens – pieces together and implementing this knowledge towards personalized medical 

care represents a challenge. For instance, the 9th ICCC featured discussion about how even 

the treatment regimen recommendations for C. neoformans vs. C. gattii infections are 

currently the same (Perfect et al., 2010). It could be that one-treatment-fits-all will be the 

most effective; however, the research covered during the ICCC and as presented in this issue 

suggests otherwise.

In addition to the need to perform experiments and generate data, another key aspect of 

tackling a disease is to build a community of clinicians, epidemiologists, and bench 

researchers. In the opening address, Teun Boukhart noted that three people had attended all 

nine ICCCs since 1989: June Kwon-Chung, John Perfect, and Itzhack Polacheck. Each and 

many other regular attendees involved in the research for decades made pioneering 

discoveries on Cryptococcus and medical mycology, and beyond that have been 

instrumental in sharing their expertise and resources that established a legacy for openness 

in communication and exchange of research material. The work in recruitment, training, and 

advocacy for research on cryptococcosis and other mycoses was key for work on these fungi 

that continues to reveal new fundamental aspects about eukaryotic biology, the evolution of 

fungi, and in combating these diseases. The 10th conference will be in Rio de Janeiro, Brazil, 

in 2017. Based on past progress, the three years between ICCC meetings will be an equally 

exciting time for research on the Cryptococcus species and cryptococcosis diseases.

Acknowledgments

We thank Teun Boukhart for his suggestions, and the authors and the reviewers of the papers within this special 
issue. We acknowledge support from the US National Institutes of Health and Australian Research Council.

References

Alspaugh JA. Virulence mechanisms and Cryptococcus neoformans pathogenesis. Fungal Genet Biol. 
2015 this issue. 

Armstrong-James D, Meintjes G, Brown GD. A neglected epidemic: fungal infections in HIV/AIDS. 
Trends Microbiol. 2014; 22:120–127. [PubMed: 24530175] 

Barragan NC, Sorvillo F, Kuo T. Cryptococcosis-related deaths and associated medical conditions in 
the United States, 2000–2010. Mycoses. 2014; 57:741–746. [PubMed: 25135153] 

Billmyre RB, Croll D, Li W, Mieczkowski P, Carter DA, Cuomo CA, Kronstad JW, Heitman J. Highly 
recombinant VGII Cryptococcus gattii population develops clonal outbreak clusters through both 
sexual macroevolution and asexual microevolution. mBio. 2014; 5:e01494–14. [PubMed: 
25073643] 

Bouklas T, Fries BC. Aging as an emergent factor that contributes to phenotypic variation in 
Cryptococcus neoformans. Fungal Genet Biol. 2015 this issue. 

Bouklas T, Pechuan X, Goldman DL, Edelman B, Bergman A, Fries BC. Old Cryptococcus 
neoformans cells contribute to virulence in chronic cryptococcosis. mBio. 2013; 4:e00455–13. 
[PubMed: 23943761] 

Idnurm and Lin Page 9

Fungal Genet Biol. Author manuscript; available in PMC 2016 May 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Boulware DR, Meya DB, Muzoora C, Rolfes MA, Huppler Hullsiek K, Musubire A, Taseera K, 
Nabeta HW, Schutz C, Williams DA, Rajasingham R, Rhein J, Thienemann F, Lo MW, Nielsen K, 
Bergemann TL, Kambugu A, Manabe YC, Janoff EN, Bohjanen PR, Meintjes G. Timing of 
antiretroviral therapy after diagnosis of cryptococcal meningitis. N Engl J Med. 2014a; 370:2487–
2498. [PubMed: 24963568] 

Boulware DR, Rolfes MA, Rajasingham R, von Hohenberg M, Qin Z, Taseera K, Schutz C, Kwizera 
R, Butler EK, Meintjes G, Muzoora C, Bischof JC, Meya DB. Multisite validation of cryptococcal 
antigen lateral flow assay and quantification by laser thermal contrast. Emerg Infect Dis. 2014b; 
20:45–53. [PubMed: 24378231] 

Brown GD, Denning DW, Gow NAR, Levitz SM, Netea MG, White TC. Hidden killers: human fungal 
infections. Sci Transl Med. 2012; 4:165rv13.

Brown JCS, Nelson J, VanderSluis B, Deshpande R, Butts A, Kagan S, Polacheck I, Krysan DJ, Myers 
CL, Madhani HD. Unraveling the biology of a fungal meningitis pathogen using chemical 
genetics. Cell. 2014; 159:1168–1187. [PubMed: 25416953] 

Butts A, Koselny K, Chabrier-Roselló Y, Semighini CP, Brown JCS, Wang X, Annadurai S, DiDone 
L, Tabroff J, Childers WE Jr, Abou-Gharbia M, Wellington M, Cardenas ME, Madhani HD, 
Heitman J, Krysan DJ. Estrogen receptor antagonists are anti-cryptococcal agents that directly 
bind EF hand proteins and synergize with fluconazole in vivo. mBio. 2014; 5:e00765–13. 
[PubMed: 24520056] 

Casadevall, A.; Perfect, J. Cryptococcus neoformans. American Society for Microbiology Press; 
Washington, D.C: 1998. 

D’Souza CA, Kronstad JW, Taylor G, Warren R, Yuen M, Hu G, Jung WH, Sham A, Kidd SE, 
Tangen K, Lee N, Zeilmaker T, Sawkins J, McVicker G, Shah S, Gnerre S, Griggs A, Zeng Q, 
Bartlett K, Li W, Wang X, Heitman J, Stajich JE, Fraser JA, Meyer W, Carter D, Schein J, 
Krzywinski M, Kwon-Chung KJ, Varma A, Wang J, Brunham R, Fyfe M, Ouellette BFF, Siddiqui 
A, Marra M, Jones S, Holt R, Birren BW, Galagan JE, Cuomo CA. Genome variation in 
Cryptococcus gattii, an emerging pathogen of immunocompetent hosts. mBio. 2011; 2:e00342–10. 
[PubMed: 21304167] 

de Hoog GS, Haase G, Chaturvedi V, Walsh TJ, Meyer W, Lackner M. Taxonomy of medically 
important fungi in the molecular era. Lancet Infect Dis. 2013; 13:385–386. [PubMed: 23618329] 

Denning DW, Bromley MJ. How to bolster the antifungal pipeline. Science. 2015; 347:1414–1416. 
[PubMed: 25814567] 

Dumesic PA, Natarajan P, Chen C, Drinnenberg IA, Schiller BJ, Thompson J, Moresco JJ, Yates JR 
3rd, Bartel DP, Madhani HD. Stalled spliceosomes are a signal for RNAi-mediated genome 
defense. Cell. 2013; 152:957–968. [PubMed: 23415457] 

Engelthaler DM, Hicks ND, Gillece JD, Roe CC, Schupp JM, Driebe EM, Gilgado F, Carriconde F, 
Trilles L, Firacative C, Ngamskulrungroj P, Castañeda E, dos Santos Lazera M, Melhem MSC, 
Pérez-Bercoff Å, Huttley G, Sorrell TC, Voelz K, May RC, Fisher MC, Thompson GR 3rd, 
Lockhart SR, Keim P, Meyer W. Cryptococcus gattii in North American Pacific Northwest: 
whole-population genome analysis provides insights into species evolution and dispersal. mBio. 
2014; 5:e01464–14. [PubMed: 25028429] 

Fang W, Fa Z, Liao W. Epidemiology of Cryptococcus and cryptococcosis in China. Fungal Genet 
Biol. 2015 this issue. 

Franzot SP, Mukherjee J, Cherniak R, Chen LC, Hamdan JS, Casadevall A. Microevolution of a 
standard strain of Cryptococcus neoformans resulting in differences in virulence and other 
phenotypes. Infect Immun. 1998; 66:89–97. [PubMed: 9423844] 

Fromtling RA, Blackstock R, Hall NK, Bulmer GS. Immunization of mice with an avirulent 
pseudohyphal form of Cryptococcus neoformans. Mycopathologia. 1979; 68:179–181. [PubMed: 
394001] 

Fu C, Sun S, Billmyre RB, Roach KC, Heitman J. Unisexual versus bisexual mating in Cryptococcus 
neoformans: consequences and biological impacts. Fungal Genet Biol. 2015 this issue. 

Gaskell KM, Rothe C, Gnanadurai R, Goodson P, Jassi C, Heyderman RS, Allain TJ, Harrison TS, 
Lalloo DG, Sloan DJ, Feasey NA. A prospective study of mortality from cryptococcal meningitis 
following treatment induction with 1200 mg oral fluconazole in Blantyre, Malawi. PLoS One. 
2014; 9:e110285. [PubMed: 25375145] 

Idnurm and Lin Page 10

Fungal Genet Biol. Author manuscript; available in PMC 2016 May 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Gibson JF, Johnston SA. Immunity to Cryptococcus neoformans and C. gattii during cryptococcosis. 
Fungal Genet Biol. 2015 this issue. 

Goebels C, Thonn A, Gonzalez-Hilarion S, Rolland O, Moyrand F, Beilharz TH, Janbon G. Introns 
regulate gene expression in Cryptococcus neoformans in a Pab2p dependent pathway. PLoS 
Genet. 2013; 9:e1003686. [PubMed: 23966870] 

Goldman DL, Khine H, Abadi J, Lindenberg DJ, Pirofski L-a, Niang R, Casadevall A. Serologic 
evidence for Cryptococcus neoformans infection in early childhood. Pediatrics. 2001; 107:E66. 
[PubMed: 11331716] 

Hagen F, Ceresini PC, Polacheck I, Ma H, van Nieuwerburgh F, Gabaldón T, Kagan S, Pursall ER, 
Hoogveld HL, van Iersel LJJ, Klau GW, Kelk SM, Stougie L, Bartlett KH, Voelz K, Pryszcz LP, 
Castañeda E, Lazera M, Meyer W, Deforce D, Meis JF, May RC, Klaassen CHW, Boekhout T. 
Ancient dispersal of the human fungal pathogen Cryptococcus gattii from the Amazon rainforest. 
PLoS One. 2013; 8:e71148. [PubMed: 23940707] 

Hagen F, Khayhan K, Theelen B, Kolecka A, Polacheck I, Sionov E, Falk R, Parnmen S, Lumbsch 
HT, Boekhout T. Recognition of seven species in the Cryptococcus gattii/Cryptococcus 
neoformans species complex. Fungal Genet Biol. 2015 in press. 

Heitman, J.; Kozel, TR.; Kwon-Chung, KJ.; Perfect, JR.; Casadevall, A., editors. Cryptococcus: From 
Human Pathogen to Model Yeast. American Society for Microbiology Press; Washington, D.C: 
2011. 

Hu XP, Wu JQ, Zhu LP, Wang X, Xu B, Wang RY, Ou XT, Weng XH. Association of Fcγ receptor 
IIB polymorphism with cryptococcal meningitis in HIV-uninfected Chinese patients. PLoS One. 
2012; 7:e42439. [PubMed: 22879986] 

Janbon G, Ormerod KL, Paulet D, Byrnes EJ 3rd, Yadav V, Chatterjee G, Mullapudi N, Hon C-C, 
Billmyre RB, Brunel F, Bahn Y-S, Chen W, Chen Y, Chow EWL, Coppée J-Y, Floyd-Averette A, 
Gaillardin C, Gerik KJ, Goldberg J, Gonzalez-Hilarion S, Gujja S, Hamlin JL, Hsueh Y-P, Ianiri 
G, Jones S, Kodira CD, Kozubowski L, Lam W, Marra M, Mesner LD, Mieczkowski PA, 
Moyrand F, Nielsen K, Proux C, Rossignol T, Schein JE, Sun S, Wollschlaeger C, Wood IA, Zeng 
Q, Neuvéglise C, Newlon CS, Perfect JR, Lodge JK, Idnurm A, Stajich JE, Kronstad JW, Sanyal 
K, Heitman J, Fraser JA, Cuomo CA, Dietrich FS. Analysis of the genome and transcriptome of 
Cryptococcus neoformans var. grubii reveals complex RNA expression and microevolution 
leading to virulence attenuation. PLoS Genet. 2014; 10:e1004261. [PubMed: 24743168] 

Jarvis JN, Meintjes G, Rebe K, Williams GN, Bicanic T, Williams A, Schutz C, Bekker LG, Wood R, 
Harrison TS. Adjunctive interferon-γ immunotherapy for the treatment of HIV-associated 
cryptococcal meningitis: a randomized controlled trial. AIDS. 2012; 26:1105–1113. [PubMed: 
22421244] 

Kretschmer M, Reiner E, Hu G, Tam N, Oliveira DL, Caza M, Yeon JH, Kim J, Kastrup CJ, Jung WH, 
Kronstad JW. Defects in phosphate acquisition and storage influence virulence of Cryptococcus 
neoformans. Infect Immun. 2014; 82:2697–2712. [PubMed: 24711572] 

Krysan DJ. Toward improved anti-cryptococcal drugs: novel molecules and repurposed drugs. Fungal 
Genet Biol. 2015 this issue. 

Kwon-Chung KJ. A new species of Filobasidiella, the sexual state of Cryptococcus neoformans B and 
C serotypes. Mycologia. 1976; 68:943–946. [PubMed: 790173] 

Kwon-Chung KJ, Boekhout T, Fell JW, Diaz M. Proposal to conserve the name Cryptococcus gattii 
against C. hondurianus and C. bacillisporus (Basidiomycota, Hymenomycetes, 
Tremellomycetidae). Taxon. 2002; 51:804–806.

Kwon-Chung KJ, Edman JC, Wickes BL. Genetic association of mating types and virulence in 
Cryptococcus neoformans. Infect Immun. 1992; 60:602–605. [PubMed: 1730495] 

Kwon-Chung KJ, Perfect JR, Levitz SM. A chronological history of the International Conference on 
Cryptococcus and Cryptococcosis (ICCC), an invaluable forum for growth of the cryptococcal 
research field and clinical practice. Mycopathologia. 2012; 173:287–293. [PubMed: 22038679] 

Kwon-Chung KJ, Varma A. Do major species concepts support one, two or more species within 
Cryptococcus neoformans? FEMS Yeast Res. 2006; 6:574–587. [PubMed: 16696653] 

Idnurm and Lin Page 11

Fungal Genet Biol. Author manuscript; available in PMC 2016 May 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lin X, Huang JC, Mitchell TG, Heitman J. Virulence attributes and hyphal growth of C. neoformans 
are quantitative traits and the MATα allele enhances filamentation. PLoS Genet. 2006; 2:e187. 
[PubMed: 17112316] 

Liu OW, Chun CD, Chow ED, Chen C, Madhani HD, Noble SM. Systematic genetic analysis of 
virulence in the human fungal pathogen Cryptococcus neoformans. Cell. 2008; 135:174–188. 
[PubMed: 18854164] 

Loftus BJ, Fung E, Roncaglia P, Rowley D, Amedeo P, Bruno D, Vamathevan J, Miranda M, 
Anderson IJ, Fraser JA, Allen JE, Bosdet IE, Brent MR, Chiu R, Doering TL, Donlin MJ, D’Souza 
CA, Fox DS, Grinberg V, Fu J, Fukushima M, Haas BJ, Huang JC, Janbon G, Jones SJM, Koo 
HL, Krzywinski MI, Kwon-Chung JK, Lengeler KB, Maiti R, Marra MA, Marra RE, Mathewson 
CA, Mitchell TG, Pertea M, Riggs FR, Salzberg SL, Schein JE, Shvartsbeyn A, Shin H, Shumway 
M, Specht CA, Suh BB, Tenney A, Utterback TR, Wickes BL, Wortman JR, Wye NH, Kronstad 
JW, Lodge JK, Heitman J, Davis RW, Fraser CM, Hyman RW. The genome of the 
basidiomycetous yeast and human pathogen Cryptococcus neoformans. Science. 2005; 307:1321–
1324. [PubMed: 15653466] 

Loyse A, Thangaraj H, Easterbrook P, Ford N, Roy M, Chiller T, Govender N, Harrison TS, Bicanic 
T. Cryptococcal meningitis: improving access to essential antifungal medicines in resource-poor 
countries. Lancet Infect Dis. 2013; 13:629–637. [PubMed: 23735626] 

Magditch DA, Liu TB, Xue C, Idnurm A. DNA mutations mediate microevolution between host-
adapted forms of the pathogenic fungus Cryptococcus neoformans. PLoS Pathog. 2012; 
8:e1002936. [PubMed: 23055925] 

Malik, R.; Krockenberger, MB.; O’Brien, CR.; Carter, DA.; Meyer, W.; Canfield, PJ. Veterinary 
insights into cryptococcosis caused by Cryptococcus neoformans and Cryptococcus gattii. In: 
Heitman, J., et al., editors. Cryptococcus: from human pathogen to model yeast. ASM Press; 
Washington, D.C: 2011. 

Meyer W, Marszewska K, Amirmostofian M, Igreja RP, Hardtke C, Methling K, Viviani MA, 
Chindamporn A, Sukroongreung S, John MA, Ellis DH, Sorrell TC. Molecular typing of global 
isolates of Cryptococcus neoformans varneoformans by polymerase chain reaction fingerprinting 
and randomly amplified polymorphic DNA-a pilot study to standardize techniques on which to 
base a detailed epidemiological survey. Electrophoresis. 1999; 20:1790–1799. [PubMed: 
10435451] 

Meyer W, Mitchell TG, Freedman EZ, Vilgalys R. Hybridization probes for conventional DNA 
fingerprinting used as single primers in the polymerase chain reaction to distinguish strains of 
Cryptococcus neoformans. J Clin Microbiol. 1993; 31:2274–2280. [PubMed: 8408543] 

Morrow CA, Valkov E, Stamp A, Chow EWL, Lee IR, Wronski A, Williams SJ, Hill JM, Djordjevic 
JT, Kappler U, Kobe B, Fraser JA. De novo GTP biosynthesis is critical for virulence of the fungal 
pathogen Cryptococcus neoformans. PLoS Pathog. 2012; 8:e1002957. [PubMed: 23071437] 

Nagy LG, Ohm RA, Kovács GM, Floudas D, Riley R, Gácser A, Sipiczki M, Davis JM, Doty SL, de 
Hoog GS, Lang BF, Spatafora JW, Martin FM, Grigoriev IV, Hibbett DS. Latent homology and 
convergent regulatory evolution underlies the repeated emergence of yeasts. Nat Commun. 2014; 
5:4471. [PubMed: 25034666] 

Nayak R, Xu J. Effects of sertraline hydrochloride and fluconazole combinations on Cryptococcus 
neoformans and Cryptococcus gattii. Mycology. 2010; 1:99–105.

Ni M, Feretzaki M, Li W, Floyd-Averette A, Mieczkowski P, Dietrich FS, Heitman J. Unisexual and 
heterosexual meiotic reproduction generate aneuploidy and phenotypic diversity de novo in the 
yeast Cryptococcus neoformans. PLoS Biol. 2013; 11:e1001653. [PubMed: 24058295] 

Nielsen K, Cox GM, Wang P, Toffaletti DL, Perfect JR, Heitman J. Sexual cycle of Cryptococcus 
neoformans var grubii and virulence of congenic a and α isolates. Infect Immun. 2003; 71:4831–
4841. [PubMed: 12933823] 

Nielsen K, Marra RE, Hagen F, Boekhout T, Mitchell TG, Cox GM, Heitman J. Interaction between 
genetic background and the mating-type locus in Cryptococcus neoformans virulence potential. 
Genetics. 2005; 171:975–983. [PubMed: 15965241] 

O’Meara TR, Holmer SM, Selvig K, Dietrich F, Alspaugh JA. Cryptococcus neoformans Rim101 is 
associated with cell wall remodeling and evasion of the host immune responses. mBio. 2013; 
4:e00522–12. [PubMed: 23322637] 

Idnurm and Lin Page 12

Fungal Genet Biol. Author manuscript; available in PMC 2016 May 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Park BJ, Wannemuehler KA, Marston BJ, Govender N, Pappas PG, Chiller TM. Estimation of the 
current global burden of cryptococcal meningitis among persons living with HIV/AIDS. AIDS. 
2009; 23:525–530. [PubMed: 19182676] 

Perfect JR, Bicanic T. Cryptococcosis diagnosis and treatment: what do we know now. Fungal Genet 
Biol. 2015 this issue. 

Perfect, JR.; Casadevall, A. The history of Cryptococcus and cryptococcosis. In: Heitman, J., et al., 
editors. Cryptococcus: From Human Pathogen to Model Yeast. American Society for 
Microbiology Press; Washington, D.C: 2011. p. 17-26.

Perfect JR, Dismukes WE, Dromer F, Goldman DL, Graybill JR, Hamill RJ, Harrison TS, Larsen RA, 
Lortholary O, Nguyen MH, Pappas PG, Powderly WG, Singh N, Sobel JD, Sorrell TC. 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. [PubMed: 20047480] 

Roemer T, Krysan DJ. Antifungal drug development: challenges, unmet clinical needs, and new 
approaches. Cold Spring Harb Perspect Med. 2014; 4:a019703. [PubMed: 24789878] 

Rohatgi S, Gohil S, Kuniholm MH, Schultz H, Dufaud C, Armour KL, Badri S, Mailliard RB, Pirofski 
L-a. Fc gamma receptor 3A polymorphism and risk for HIV-associated cryptococcal disease. 
mBio. 2013; 4:e00573–13. [PubMed: 23982074] 

Rosen LB, Freeman AF, Yang LM, Jutivorakool K, Olivier KN, Angkasekwinai N, Suputtamongkol 
Y, Bennett JE, Pyrgos V, Williamson PR, Ding L, Holland SM, Browne SK. Anti-GM-CSF 
autoantibodies in patients with cryptococcal meningitis. J Immunol. 2013; 190:3959–3966. 
[PubMed: 23509356] 

Rothe C, Sloan DJ, Goodson P, Chikafa J, Mukaka M, Denis B, Harrison T, van Oosterhout JJ, 
Heyderman RS, Lalloo DG, Allain T, Feasey NA. A prospective longitudinal study of the clinical 
outcomes from cryptococcal meningitis following treatment induction with 800 mg oral 
fluconazole in Blantyre, Malawi. PLoS One. 2013; 8:e67311. [PubMed: 23840659] 

Saijo T, Chen J, Chen SCA, Rosen LB, Yi J, Sorrell TC, Bennett JE, Holland SM, Browne SK, Kwon-
Chung KJ. Anti-granulocyte-macrophage colony-stimulating factor autoantibodies are a risk factor 
for central nervous system infection by Cryptococcus gattii in otherwise immunocompetent 
patients. mBio. 2014; 5:e00912–14. [PubMed: 24643864] 

Shi M, Li SS, Zheng C, Jones GJ, Kim KS, Zhou H, Kubes P, Mody CH. Real-time imaging of 
trapping and urease-dependent transmigration of Cryptococcus neoformans in mouse brain. J Clin 
Invest. 2010; 120:1683–1693. [PubMed: 20424328] 

Sionov E, Chang YC, Kwon-Chung KJ. Azole heteroresistance in Cryptococcus neoformans: 
emergence of resistant clones with chromosomal disomy in the mouse brain during fluconazole 
treatment. Antimicrob Agents Chemother. 2013; 57:5127–5130. [PubMed: 23836187] 

Sionov E, Lee H, Chang YC, Kwon-Chung KJ. Cryptococcus neoformans overcomes stress of azole 
drugs by formation of disomy in specific multiple chromosomes. PLoS Pathog. 2010; 6:e1000848. 
[PubMed: 20368972] 

Srikanta D, Santiago-Tirado FH, Doering TL. Cryptococcus neoformans: historical curiosity to 
modern pathogen. Yeast. 2014; 31:47–60. [PubMed: 24375706] 

Tang MW, Clemons KV, Katzenstein DA, Stevens DA. The cryptococcal antigen lateral flow assay: A 
point-of-care diagnostic at an opportune time. Crit Rev Microbiol. 2015; 41 in press. 

Toh-e A, Ohkusu M, Shimizu K, Kawamoto S. Positional cloning in Cryptococcus neoformans and its 
application for identification and cloning of the gene encoding methylenetetrahydrofolate 
reductase. Fungal Genet Biol. 2015; 76:70–77. [PubMed: 25687932] 

Van Wyk M, Govender NP, Mitchell TG, Litvintseva AP. Multilocus sequence typing of serially 
collected isolates of Cryptococcus from HIV-infected patients in South Africa. J Clin Microbiol. 
2014; 52:1921–1931. [PubMed: 24648562] 

Wang L, Lin X. Morphogenesis in fungal pathogenicity: shape, size, and surface. PLoS Pathog. 2012; 
8:e1003027. [PubMed: 23236274] 

Wang X, Hsueh YP, Li W, Floyd A, Skalsky R, Heitman J. Sex-induced silencing defends the genome 
of Cryptococcus neoformans via RNAi. Genes Dev. 2010; 24:2566–2582. [PubMed: 21078820] 

Idnurm and Lin Page 13

Fungal Genet Biol. Author manuscript; available in PMC 2016 May 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Wang X, Wang P, Sun S, Darwiche S, Idnurm A, Heitman J. Transgene induced co-suppression during 
vegetative growth in Cryptococcus neoformans. PLoS Genet. 2012; 8:e1002885. [PubMed: 
22916030] 

Wormley FL Jr, Perfect JR, Steele C, Cox GM. Protection against cryptococcosis by using a murine 
gamma interferon-producing Cryptococcus neoformans strain. Infect Immun. 2007; 75:1453–
1462. [PubMed: 17210668] 

Wozniak KL, Olszewski MA, Wormley FL Jr. Molecules at the interface of Cryptococcus and the host 
that determine disease susceptibility. Fungal Genet Biol. 2015

Yuchong C, Fubin C, Jianghan C, Fenglian W, Nan X, Minghui Y, Yalin S, Zhizhong Z. 
Cryptococcosis in China (1985–2010): review of cases from Chinese database. Mycopathologia. 
2012; 173:329–335. [PubMed: 21979866] 

Zaragoza O, Nielsen K. Titan cells in Cryptococcus neoformans: cells with a giant impact. Curr Opin 
Microbiol. 2013; 16:409–413. [PubMed: 23588027] 

Zhai B, Wu C, Wang L, Sachs MS, Lin X. The antidepressant sertraline provides a promising 
therapeutic option for neurotropic cryptococcal infections. Antimicrob Agents Chemother. 2012; 
56:3758–3766. [PubMed: 22508310] 

Zhai B, Zhu P, Foyle D, Upadhyay S, Idnurm A, Lin X. Congenic strains of the filamentous form of 
Cryptococcus neoformans for studies of fungal morphogenesis and virulence. Infect Immun. 2013; 
81:2626–2637. [PubMed: 23670559] 

Zhang N, Park Y-D, Williamson PR. New technology and resources for cryptococcal research. Fungal 
Genet Biol. 2015 this issue. 

Zhu P, Zhai B, Lin X, Idnurm A. Congenic strains for genetic analysis of virulence traits in 
Cryptococcus gattii. Infect Immun. 2013; 81:2616–2625. [PubMed: 23670558] 

Idnurm and Lin Page 14

Fungal Genet Biol. Author manuscript; available in PMC 2016 May 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• The 9th International Conference on Cryptococcus and Cryptococcosis was in 

May 2014

• The editorial covers the articles found in this special issue dedicated to 
Cryptococcus

• A revised taxonomy supports seven pathogenic Cryptococcus species

• Cryptococcosis is still a global health issue

• Research on Cryptococcus spp. has established them as models for fungal 

biology
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