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Cryptococcosis is an opportunistic and potentially lethal infection caused by
Cryptococcus neoformans and Cryptococcus gattii complex, which affects both
immunocompromised and immunocompetent people, and it has become a major public
health concern worldwide. In this study, we characterized the molecular epidemiology
and antifungal susceptibility of 133 C. neoformans isolates from East China Invasive
Fungal Infection Group (ECIFIG), 2017–2020. Isolates were identified to species level
by matrix-assisted laser desorption ionization-time of flight mass spectrometry and
confirmed by IGS1 sequencing. Whole-genome sequencing (WGS) was conducted on
three multidrug-resistant isolates. Among the 133 strains, 61 (45.86%) were isolated
from HIV-positive patients and 72 (54.16%) were isolated from HIV-negative patients. In
total, C. neoformans var. grubii accounted for 97.74% (130/133), while C. neoformans
var. neoformans was rare (2.06%, 3/133). The strains were further classified into nine
sequence types (STs) dominated by ST5 (90.23%, 120/133) with low genetic diversity.
No association was observed between STs and HIV status. All strains were wild type
to voriconazole, while high antifungal minimal inhibitory concentrations (MICs) above
the epidemiological cutoff values (ECVs) were observed in C. neoformans strains, and
more than half of isolates were non-wild-type to amphotericin B (89.15%, 109/133).
Eight isolates were resistant to fluconazole, and eight isolates were non-wild type to
5-fluorocytosine. Furthermore, WGS has verified the novel mutations of FUR1 in 5-
fluorocytosine-resistant strains. In one isolate, aneuploidy of chromosome 1 with G484S
mutation of ERG11 was observed, inducing high-level resistance (MIC: 32 µg/ml)

Frontiers in Microbiology | www.frontiersin.org 1 July 2022 | Volume 13 | Article 942940

https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://doi.org/10.3389/fmicb.2022.942940
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmicb.2022.942940
http://crossmark.crossref.org/dialog/?doi=10.3389/fmicb.2022.942940&domain=pdf&date_stamp=2022-07-05
https://www.frontiersin.org/articles/10.3389/fmicb.2022.942940/full
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-13-942940 June 30, 2022 Time: 11:35 # 2

Zhou et al. Cryptococcus neoformans in Eastern China

to fluconazole. In general, our data showed that there was no significant difference
between HIV-positive and HIV-negative patients on STs, and we elucidate the resistant
mechanisms of C. neoformans from different perspectives. It is important for clinical
therapy and drug usage in the future.

Keywords: Cryptococcus neoformans, molecular epidemiology, antifungal susceptibility testing, resistance
characteristics, whole genome sequencing

INTRODUCTION

Cryptococcosis is one of the most common fungal diseases in
the world, with an estimated 223,000 new cases and 181,100
deaths worldwide each year, primarily in southern Africa
and Asia (Rajasingham et al., 2017). Cryptococcosis is an
opportunistic and invasive fungal infection that not only has
high rates of mortality and morbidity in immunocompromised
or immunosuppression patients, like acquired immune
deficiency syndrome (AIDS), but also infects immunocompetent
individuals (Pyrgos et al., 2013; Sloan and Parris, 2014; Beardsley
et al., 2019). There are mainly two species, namely, Cryptococcus
neoformans and Cryptococcus gattii, with significant differences
in ecology, molecular epidemiology, and antifungal sensitivity
(Cogliati, 2013; Hagen et al., 2015; Firacative et al., 2021). In
recent two decades, phylogenetic analysis based on genotypes
and phenotypes has revealed two subtypes of C. neoformans
and five subtypes of C. gattii. The major molecular types of
C. neoformans have most commonly been designated molecular
types VNI (AFLP1), VNII (AFLP1A/IB), and VNIII (AFLP3) for
C. neoformans var. grubii and molecular types VNIV (AFLP2) for
C. neoformans var. neoformans (Hagen et al., 2015, 2017; Kwon-
Chung et al., 2017). Cryptococcosis is a more frequently observed
fungal disease in AIDS patients in Europe, United States, and
Africa (Dromer et al., 2007; Park et al., 2009; Pyrgos et al., 2013).
The situation, however, is quite different in China. Previous
studies showed that C. neoformans mainly originated from
human immunodeficiency virus (HIV)-negative population
without any risk factors reported in other countries (Feng et al.,
2008; Khayhan et al., 2013).

The treatment strategies for cryptococcal meningitis
recommended by the Infectious Diseases Society of America
(IDSA) were amphotericin B plus 5-fluorocytosine for induction
therapy and fluconazole used for consolidation therapy (Baddley
and Forrest, 2019). However, it is easy to induce drug resistance
for treating cryptococcosis due to the long-term and single
therapeutic drug use (Bermas and Geddes-McAlister, 2020).
According to a recent report by the China Invasive Fungi
Surveillance Network, the cryptococcal resistance rate to
fluconazole has increased more than threefold (10.5% in 2010 to
34% in 2014) (Xiao et al., 2018). In another multicenter study in
China, the resistance rate of C. neoformans to fluconazole has
dramatically risen, and non-wild-type isolates to 5-fluorocytosine
have also been found (Fan et al., 2016).

So far, the resistance mechanisms of C. neoformans were
understudied. According to previous studies, cryptococcal
resistance to fluconazole could be caused by point mutations
of ERG11 (G1785C, G1855A, and G1855T) (Rodero et al., 2003;

Bosco-Borgeat et al., 2016; Gago et al., 2017; Selb et al.,
2019), overexpression of ERG11, overexpression of AFR1,
and aneuploidy formation. Acquisition of aneuploidies in
C. neoformans can mediate increased MIC values to fluconazole
and further enable cross-adaptation to other antifungal drugs
(Yang F. et al., 2021). Mutations of FCY1, FCY2, and FUR1 were
the most common 5-fluorocytosine resistance mechanism of
cryptococcus (Vu et al., 2018). Recent studies have demonstrated
that mutations of UXS1 are also involved with 5-fluorocytosine
resistance (Billmyre et al., 2020; Chang et al., 2021). Indeed,
comprehensive genomic characterization of C. neoformans is
limited in China. Notably, antifungal susceptibility, particularly
to fluconazole and 5-fluorocytosine, has been noted to vary
in correlation not only with molecular types but also with
HIV status (Espinel-Ingroff et al., 2012; Li et al., 2012;
Arsic Arsenijevic et al., 2014). To investigate the molecular
epidemiology of local cryptococcal isolates, several molecular
typing methods have been developed, for example, PCR-
fingerprinting, randomly amplified polymorphic DNA (RAPD),
PCR-restriction fragment length polymorphism (PCR-RFLP),
amplified fragment length polymorphism (AFLP), microsatellite
typing, multilocus microsatellite typing (MLMT), multilocus
sequence typing (MLST), and whole-genome sequencing (WGS)
(Bovers et al., 2008; Meyer et al., 2009; Li et al., 2013;
Hong et al., 2021). Extensive studies have recommended MLST
as the preferred method among these molecular techniques
because of its excellent discrimination ability and reproducibility
between different laboratories. A normative MLST scheme of the
C. neoformans/C. gattii has been established by the International
Society of Human and Animal Mycoses (ISHAM) working
group (Meyer et al., 2009). Seven housekeeping genes (CAP59,
GPD1, IGS1, LAC1, PLB1, SOD1, and URA5) were selected
for MLST analysis of the C. neoformans/C. gattii1,2, and WGS
exhibited high reproducibility, specificity, and discriminating
power. Therefore, in this study, we explore the prevalence and
antifungal drug resistance mechanism of C. neoformans in HIV-
positive and HIV-negative patients in China by using high-
precision MLST and WGS.

MATERIALS AND METHODS

Clinical Isolates Information
Exactly 133 cryptococcal isolates were collected from East China
Invasive Fungal Infection Group (ECIFIG) between 2017 and

1http://www.mlst.net/
2http://mlst.mycologylab.org
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2020. Sixty-one isolates derived from HIV-infected patients
who had HIV antibody screening test and confirmatory tests
positive were classified as HIV-positive group, while others were
classified as HIV-negative group. All isolates were identified
to species level by matrix-assisted laser desorption/ionization
time-of-flight mass-spectrometry (Zybio, China) and confirmed
by IGS1 sequencing. Ethics approval (2021-061) for this study
was obtained from the Health Research Ethics Board of
Shanghai East Hospital.

Antifungal Susceptibility Testing
We conducted the antifungal susceptibility testing of 133
isolates against amphotericin B (AMB), 5-fluorocytosine (5FC),
fluconazole (FCZ), and voriconazole (VCZ) by using the broth
microdilution method (BMD) according to the CLSI M27-A4
guidelines (CLSI, 2017). In brief, isolates were sub-cultured on
Sabouraud’s dextrose agar (SDA) (Oxoid, United Kingdom) at
35◦C for 48 h, the suspension was adjusted by McFarland in
a sterile solution, and then, antifungal susceptibility tests were
performed. Candida krusei ATCC 6258 and Candida parapsilosis
ATCC 22019 were used as quality control. Epidemiological cutoff
values (ECVs) were used to determine wild-type and non-wild-
type strains of some antifungals due to lack of breakpoint. ECVs
were recommended by CLSI M59: AMB, 0.5 µg/ml (VNI); 5FC,
8 µg/ml (VNI); FCZ, 8 µg/ml (VNI); and VCZ, 0.25 µg/ml
(VNI) (CLSI, 2018).

DNA Extraction
DNA extraction of isolates was performed by the method
described by Xu et al. (2000) with some modifications. Briefly,
all the isolates were sub-cultured on SDA at 30◦C for 48–72 h.
Monoclonal colonies were collected in the sterile Eppendorf (EP)
tubes containing 50 mg glass beads (BioSpec, United States),
200 µl lysis buffer, 200 µl phenol-chloroform, and broken
for 10 min, and then centrifuged at high speed for 5 min.
Supernatants were transported to new EP tubes. DNAs were
extracted by phenol-chloroform alcohol and stored at−20◦C.

Intergenic Spacer 1 Sequencing and
Multilocus Sequence Typing Analysis
Identification of Cryptococcus spp. through amplification of
the intergenic spacer 1 (IGS1) region was amplified using
primers, IGS1F (5′-TAAGCCCTTGTT-3′) and IGS1R (5′-
AAAGATTTATTG-3′), from ISHAM (see text footnote 2).
Polymerase chain reaction (PCR) of the IGS1 gene was performed
in a 30 µl final volume. The PCR mixture contains 1 µl of
DNA, 15 µl of PCR enzyme mix, and 1 µl of each primer. For
PCR amplification, the PCR mixture was denatured for 5 min at
94◦C followed by 35 cycles of 30 s at 94◦C, 30 s at 53◦C, and
1 min at 72◦C, followed by one final step of 10 min at 72◦C.
For MLST analysis, PCR was performed on seven housekeeping
genes (CAP59, GPD1, IGS1, LAC1, PLB1, SOD1, and URA5)
according to the International Fungal Multi Locus Sequence
Typing Database (IFMLST) (see text footnote 2). Each PCR
system was amplified in a 30 µl final volume as described before,
the reaction procedure was described in the IFMLST profile,

and all the primers were listed in the IFMLST. Then, all PCR
products were purified with Gel Extraction Kit 200 (Omega Bio-
Tek, United States) according to the manufacturer’s instructions
and were sequenced by an ABI 3730XL DNA analyzer (Shanghai,
China). Sequences were assigned to the IFMLST consensus MLST
scheme database to obtain sequence types (STs).

Whole-Genome Sequencing
Three multidrug resistance isolates with MIC ≥16 µg/ml to FCZ
and 5-FC were selected for whole-genome sequencing (WGS)
in this study. Among them, one isolate was separated from the
HIV-positive group (YQJ185), and the other two isolates were
separated from the HIV-negative group (YQJ68 and YQJ247). All
isolates were sub-cultured on SDA at 35◦C for 48 h according
to the CLSI M27-A4, and then, DNA was extracted using
Zymo Quick-DNA/RNA Viral Kit (D7020), followed by library
preparation using Vazyme transposase-based approach (TD502).
WGS was performed using Illumina NovaSeq 6000 platform.

Bioinformatics
Raw reads were quality-controlled and trimmed with
Trimmomatic (Bolger et al., 2014). SPAdes were applied for
short-read assembly (Bankevich et al., 2012). The YMAP
pipeline was used for mapping with reference genome H99 and
computing depth to estimate the variation of copy numbers and
ploidy across chromosomes (Abbey et al., 2014). To determine
the MAT type, short-read sequences were aligned to MATa locus
(AF542528) and MAT α (alpha) locus (AF542529).

Reads were aligned to the H99 reference genome (Janbon et al.,
2014) using BWA-MEM (Li and Durbin, 2009). Alignments were
further processed with SAMtools (Li et al., 2009) and Genome
Analysis Toolkit (GATK) (McKenna et al., 2010). SNP and indel
calling were performed using the HaplotypeCaller Component
of the GATK with default settings. Variants were further filtered
with filter expression “QUAL < 30.0 || QD < 2.0 || FS > 60.0
|| SOR > 4.0” using VariantFiltration Component of GATK.
Variants were annotated using SnpEff (Cingolani et al., 2012)
and FungiDB (Stajich et al., 2012). Candidate fungi resistance-
related variants were collected from publications [ERG11
(CNAG_00040), UXS1 (CNAG_03322), FUR1 (CNAG_02337),
FCY1 (CNAG_00613), FCY2 (CNAG_01681), and MSH2
(CNAG_00770)]. All candidate resistance-related variant calls
were visually examined using the Integrated Genome Viewer
(IGV) to remove calls resulting from poor read mapping
(Thorvaldsdóttir et al., 2013). Global ST5 isolates from previous
studies were retrieved from National Center for Biotechnology
Information (NCBI) (Rhodes et al., 2017; Ashton et al., 2019).
Core SNP phylogenetic tree was generated using IQTREE with
H99 as outgroup and 10000 Ultrafast Bootstrap to support
branch (Nguyen et al., 2015).

Statistical Analysis
Categorized variables were analyzed by Fisher’s exact test
by IBM SPSS software (version 26.0). Continuous variables
were calculated by Mann–Whitney U test. A p < 0.05 was
considered significant.
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RESULTS

Antifungal Susceptibility Test
In vitro antifungal susceptibility testing of total isolates
was performed against four agents. In brief, the majority
exhibited high sensitivity to fluconazole, 5-fluorocytosine, and
voriconazole, ranging from 93.98 to 100%. However, 89.15%
(109/133) of isolates were non-wild type to amphotericin B.
Eight isolates were resistant to fluconazole, and eight isolates
were non-wild type against 5-fluorocytosine; compared with the
recommended ECVs of fluconazole and 5-fluorocytosine, high
MICs of cryptococcal isolates against 5-fluorocytosine (64 µg/ml)
or fluconazole (32 µg/ml) were observed. Interestingly, we
found three multidrug isolates (1 isolate from HIV-positive
group and 2 isolates from HIV-negative group) (Table 1
and Supplementary Table 1). For isolates from HIV-positive
and HIV-negative groups, the MIC distribution was similar
in fluconazole (p = 0.290) but significantly different in

5-fluorocytosine (p < 0.001), with higher MIC values in HIV-
negative group (Figure 1).

Identification and Correlation Between
ST5 and Human Immunodeficiency Virus
Status
According to MALDI-TOF MS and IGS1 sequencing
outcomes, the 133 C. neoformans clinical isolates included 130
C. neoformans var. grubii and 3 C. neoformans var. neoformans.
Among the 3 C. neoformans var. neoformans isolates, two isolates
were from the HIV-positive group (ST77 and ST93), and the
remaining isolate was from the HIV-negative group (ST185).
As for MLST analysis, in this study, all isolates were classified
into nine STs, and the majority of isolates belonged to ST5, VNI
(90.23%, 120/133). For HIV-positive group, ST5 accounted for
86.88% (53/61), and five isolates with other STs included ST43
(1.64%), ST63 (1.64%), ST77 (1.64%), ST93 (1.64%), and ST230
(1.64%). In the other group, there were four STs, containing

TABLE 1 | In vitro susceptibilities of Cryptococcus neoformans in HIV-positive and HIV-negative cryptococcosis patients.

HIV status Species (No. of isolates) Antifungal drugs MIC (µg/mL)

Range MIC50 MIC90 GM Mode MIC WT% Non-WT%

HIV-positive Cryptococcus neoformans (n = 61) Fluconazole 1–32 4 8 4.43 4 95.08 4.92

Voriconazole 0.03125–0.25 0.0625 0.125 0.08 0.0625 100 0

Amphotericin B 0.25–2 1 2 1.23 1 9.84 90.16

Flucytosine 1–16 4 8 4.19 4 98.36 1.64

HIV-negative Cryptococcus neoformans (n = 72) Fluconazole 1–16 4 8 4.94 4 93.06 6.94

Voriconazole 0.015–0.25 0.0625 0.125 0.08 0.0625 100 0

Amphotericin B 0.0125–2 1 2 1.01 1 25 75

Flucytosine 2–64 8 16 6.59 8 90.28 9.72

MIC, minimum inhibitory concentration; MIC50 and MIC90, MICs at which 50 and 90% of isolates were inhibited; GM, geometric mean; WT, wild type; NWT, non-wild type.

FIGURE 1 | MIC distribution of fluconazole and 5-fluorocytosine among HIV-positive and HIV-negative groups.
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FIGURE 2 | Genetic characteristics of three resistant strains. (A) Karyotype of multidrug-resistant strain (YQJ185). Copy number is labeled in y-axis compared with
haploid H99 reference using YMAP, with 1 copy number as baseline. Position of reads of each chromosome is on x-axis. (B) Non-synonymous mutation and splice
site mutation of ERG11 and FUR1 genes.

ST5 (93.05%, 67/72), ST31 (1.39%), ST185 (1.39%), and ST653
(2.78%). In comparison with the HIV-negative group, STs of
the HIV-positive group exhibited more diversity. There were
four isolates unknown to STs due to failure of sequencing or
identifying. In addition, compared with the HIV-positive group,
there was no correlation between HIV status and STs (p = 0.256).
More details are provided in Supplementary Tables 2, 3. In
general, our study revealed that C. neoformans var. grubii
(ST5, VNI) was the most representative and predominant
species in East China.

Whole-Genome Sequencing
In this study, we analyzed the mating type and resistant
mechanisms from three multidrug-resistant strains by WGS. The
detailed information about WGS, including total reads, base
quality, depth, and coverage, is shown in Supplementary Table 4.
All multidrug-resistant strains belonged to MAT α. For an isolate
(YQJ185) from the HIV-positive group, aneuploidy occurred in
chromosome 1, but not in other chromosomes (Figure 2A).
G484S mutation was found in ERG11 gene of YQJ185 with a
high-level MIC (32 µg/ml) to FCZ, located in the conserved
heme-binding domain. Copy number variant (CNV) and ERG11

mutation, however, were not observed in the other two resistant
isolates from the HIV-negative group. The non-synonymous
mutation was also observed in FUR1 in different positions. For
the HIV-positive group, D42Y mutation was found in the FUR1
gene of YQJ185 with MIC (16 µg/ml) to 5FC. For the HIV-
negative group, P140S mutation was found in the FUR1 gene of
YQJ68 with a high MIC (32 µg/ml) to 5FC, while YQJ247 has an
A-T transition in an intron splice site (Figure 2B).

The ST5 isolates were located in the subclade of VNIa. As
mentioned above, ST5 is the major genotype in China, but
whole-genome sequences were rarely published. Phylogenetic
relationships including ST5 isolates from other countries were
generated in this study. Two isolates from HIV-negative patients
were clustered into the same subclade with CHC-193 isolated
from an HIV-negative patient in 1998 in China (Figure 3).

DISCUSSION

Cryptococcus neoformans is widely distributed in the world,
and usually, it infects HIV-positive patients, particularly in
South Africa and Asia (Rajasingham et al., 2017). However, the
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FIGURE 3 | Core SNP phylogenetic tree of global ST5 C. neoformans. H99 reference was used as reference and outgroup; 44,487 SNP sites were used to generate
this tree. Red branches represent isolates from China.

condition appears to be extremely different in China (Chen et al.,
2018). Previous studies showed that cryptococcosis was likely to
occur in immunocompetent individuals or in individuals with
other underlying diseases (Fang et al., 2020; Li et al., 2020).
Indeed, C. neoformans exhibited lower genetic diversity in China
than that in South Asia, and ST5 was the predominant genotype
(Khayhan et al., 2013; Dou et al., 2015; Thanh et al., 2018).

The MLST was one of the most common technologies to
analyze the genotypic diversity of C. neoformans. In this study,
our results showed that there was lower genetic diversity of
C. neoformans, and ST5 is the dominant ST in China, accounting

for 90.23% (120/133) in total. The same results were observed in
previous Chinese studies (Chen et al., 2018; Yang C. et al., 2021).
Indeed, our research revealed no significant difference between
HIV-positive and HIV-negative patients on STs (p = 0.256). This
is consistent with southwest China (Wu et al., 2021). However,
the situation is different in South Korea, where there were
significant differences between HIV status and genetic types
(Choi et al., 2010). In another study from Asia, it was affirmed
that most isolates from HIV-negative patients were ST5 (Khayhan
et al., 2013). Furthermore, in this study we identified five new STs
in China, namely, ST230, ST43, ST77, ST185, and ST653, and all
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of the STs haven’t been reported yet in East China (Yang C. et al.,
2021). Most importantly, ST31 was the most common ST for
environmental C. neoformans in China, which mainly originated
from pigeon droppings (Dou et al., 2017; Chen et al., 2021), and
ST31 was also the main ST of C. neoformans in India (Xess et al.,
2021). This suggests that attention is paid to the clinical isolates of
C. neoformans but environmental isolates of C. neoformans need
to be investigated more deeply and more extensively in the future.

Fluconazole and amphotericin B are the most frequent
therapeutic drugs in cryptococcosis treatment. High MICs of
amphotericin B above ECVs are concerned in this study, while
all isolates were sensitive to voriconazole. This is consistent with
a 6-year retrospective study from Hunan, China (Li et al., 2020).
Interestingly, the MIC distribution of 5-fluorocytosine in the
HIV-negative group was higher than that of the HIV-positive
group, and there were no significant differences in other drugs.
This is opposite to the study in Southeast China and is consistent
with the study in Serbia (Li et al., 2012; Arsic Arsenijevic et al.,
2014). Moreover, in a study from southeast China, the results
exhibited no significant differences in antifungal susceptibility
to fluconazole and 5-fluorocytosine between HIV-positive and
HIV-negative patients (Wu et al., 2021). However, the association
between STs and antifungal susceptibility was not observed. In
this study, three multidrug isolates were found. Therefore, in
this study, we investigated the resistance mechanisms through
WGS. Aneuploidy of Chromosome 1 of an isolate (YQJ185)
from an HIV-infected patient was tested. Previous studies
proved the correlation between the formation of aneuploidy
of Chromosome 1 and excessive doses of fluconazole (Stone
et al., 2019; Yang F. et al., 2021). In addition, we also revealed
a point mutation of ERG11 (G484S) (Rodero et al., 2003; Gago
et al., 2017). CNV and ERG11 mutation would accelerate the
speed of the cryptococcal resistance to fluconazole. However, the
same resistance mechanisms were not observed in the other two
isolates (HIV-negative group) against fluconazole (16 µg/ml).
What’more, there was no available literature that described
the resistance mechanisms of 5-fluorocytosine in China. In
this study, we addressed point mutations of FUR1 in different
mutation sites and splice site mutation with different MICs, and
it exhibited unique resistance mechanisms of 5-fluorocytosine in
China. Previous studies reported that genes FCY1, FCY2, and
UXS1 were associated with resistance to 5-fluorocytosine (Vu
et al., 2018; Billmyre et al., 2020); however, we didn’t find it in
our study. ST5 or VNIa-5 is an important phylogenetic group in
Southeast Asia, characterized by its ability to infect HIV-negative
patients (Ashton et al., 2019). Despite all three genomes in this
study were closely related to Vietnam strains, they are assigned
to two subclades, indicating the unique evolution progress of the
strain from the HIV-positive group.

CONCLUSION

Cryptococcus in China exhibited a low extent of genetic
diversity, whether HIV-positive or HIV-negative patients were
not linked to STs. VNI is the dominant molecular type in

C. neoformans and ST5 is the predominant ST. Phylogenetic
relationship and resistance mechanisms have evolved among
the subclades of ST5 isolates with certain particularity in
China. However, there are limitations in this study. First,
the geographical representativeness of epidemiological
characteristics and resistance mechanisms in this study is
limited, only representing East China. Second, only three
clinical isolates were performed by WGS in our study, and
the correlation among clinical isolates, standard isolates, and
environmental isolates should be involved in the future. Finally,
the isolates should be inoculated on the medium with FCZ,
which would contribute to finding a resistance mechanism on
the genomic level. WGS can be used to discover more than just
about evolutionary relationships. Hence, we are taking steps
to establish a database of cryptococcal genomes using WGS in
East China.
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