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Cryptococcus neoformans strains resistant to azoles due to mutations causing alterations in the ERG11 gene, encoding lanosterol
14�-demethylase, have rarely been reported. In this study, we have characterized a C. neoformans serotype A strain that is resis-
tant to high concentrations of fluconazole (FLC). This strain, which was isolated from an FLC-treated patient, contained five
missense mutations in the ERG11 gene compared to the sequence of reference strain H99. Molecular manipulations of the
ERG11 gene coupled with susceptibility to triazole revealed that a single missense mutation resulting in the replacement of ty-
rosine by phenylalanine at amino acid 145 was sufficient to cause the high FLC resistance of the strain. Importantly, this newly
identified point mutation in the ERG11 gene of C. neoformans afforded resistance to voriconazole (VRC) but increased suscepti-
bility to itraconazole (ITC) and posaconazole (PSC), which are structurally similar to each other but distinct from FLC/VRC.
The in vitro susceptibility/resistance of the strains with or without the missense mutation was reflected in the therapeutic effi-
cacy of FLC versus ITC in the animals infected with the strains. This study shows the importance of the Y145F alteration of Erg11
in C. neoformans for manifestation of differential susceptibility toward different triazoles. It underscores the necessity of in
vitro susceptibility testing for each FLC-resistant C. neoformans clinical isolate against different groups of azoles in order to as-
sist patient management.

Cryptococcus neoformans is the most common cause of life-
threatening fungal meningoencephalitis in HIV-infected pa-

tients as well as the sporadic cause of the infection in immuno-
competent patients worldwide. Prompt diagnosis and proper
treatment are crucial, as cryptococcal meningitis is invariably fatal
if untreated (6, 12). Fluconazole (FLC), a triazole, is the drug of
choice for maintenance therapy of cryptococcosis in AIDS as well
as in non-AIDS patients, due to its efficacy, excellent central ner-
vous system penetration, and low toxicity (5, 22, 30). Long-term
usage of FLC for the treatment of fungal infections in AIDS pa-
tients, however, led to the emergence of resistant strains (10, 18,
20, 28). There have been several reports on the isolation of FLC-
resistant C. neoformans strains, mostly from AIDS patients under-
going FLC maintenance therapy (1–4, 18). These isolates were
associated with clinical failure during the maintenance therapy,
leading to a series of recurrences (15). Unlike the strains of Can-
dida albicans isolated from recurrent cases of esophageal candidi-
asis in AIDS patients undergoing prolonged azole therapy, how-
ever, the cryptococcal strains isolated from most recurrent cases of
central nervous system infection showed susceptibility to azoles
similar to that of the primary strains (5). The cause of therapy
failure without alterations in azole susceptibility remained unex-
plained until azole heteroresistance was characterized in crypto-
coccal pathogens (24, 25, 27). Characterization of more than 200
clinical and environmental isolates in our laboratory revealed that
all the strains of C. neoformans and C. gattii are endowed with an
innate ability to produce minor clonal subpopulations that can
transiently adapt to high concentrations of FLC. In a recent study
of heteroresistance in C. neoformans, we encountered a C. neofor-

mans serotype A strain isolated from an AIDS patient undergoing
FLC maintenance therapy that showed an exceptionally high level
of heteroresistance (128 �g/ml) (24). Moreover, the resistance to
triazoles in this strain was limited to FLC and to voriconazole
(VRC); the strain remained susceptible to itraconazole (ITC) and
posaconazole (PSC). While dissecting the cause of this high FLC
resistance of the strain, we identified a missense mutation in the
cryptococcal cytochrome P450 lanosterol 14�-demethylase
(P450Dm, Erg11) that was found to be critical for resistance to
FLC and VRC and yet enhanced sensitivity to ITC or PSC.

We further demonstrated that mice infected with the strains
carrying this missense mutation benefited more from treatment
with ITC, while mice infected with the wild-type strain lived lon-
ger with FLC treatment. This is the first study to identify a residue
in the cryptococcal Erg11 that is critical for differential suscepti-
bility to two different kinds of triazoles: FLC/VRC and ITC/PSC.
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MATERIALS AND METHODS
Strains and media. C. neoformans serotype A reference strain H99 and
MRL862, another serotype A clinical isolate collected as part of the
SENTRY antimicrobial surveillance program, were the parental strains
used in the study. The ERG11 gene from both strains was cloned and
sequenced. The strains designated TES12, TES9, and TES10 were con-
structed (in the H99 background) by molecular manipulation of the
ERG11 gene cloned from H99 or from MRL862. Strains were stored in
25% glycerol at �80°C until use and were maintained on YEPD (1% yeast
extract, 2% peptone, 2% glucose) agar plates at 30°C. RPMI 1640 medium
(Sigma) buffered with 0.165 M MOPS (morpholinepropanesulfonic acid;
pH 7) was used for antifungal microdilution susceptibility testing.

ERG11 gene manipulation. The ERG11 gene was cloned by PCR from
genomic DNA of MRL862 as well as of H99. Three independent PCR
clones were used to determine the EGR11 sequence. The sequencing was
performed at the Laboratory of Molecular Technology (Frederick, MD).
To replace the ERG11 gene in the H99 strain with that of strain MRL862,
a plasmid (pES12) containing the entire EGR11 gene sequence of MRL862
along with 757 bp and 388 bp of the 5= and 3= flanking regions, respec-
tively, was constructed. The plasmid pES12 also contained two drug re-
sistance markers, those for resistance to nourseothricin (NAT) and neo-
mycin (NEO), flanked by the upstream and downstream regions of H99
ERG11 to facilitate homologous integration. A linear ClaI-ApaI DNA
fragment of pES12 was transformed into H99 using the biolistic transfor-
mation method. Transformants resistant to nourseothricin and neomycin
were selected, and the clones whose ERG11 was replaced with that of
pES12 were identified by PCR and confirmed by Southern blot analysis.
This strain was designated TES12 (Fig. 1A). Plasmid pES9 was constructed
by replacing the regions flanking the NcoI fragment of MRL862 ERG11
with the equivalent regions of H99 ERG11 and contained the mutation
Y145F, which was suspected to be essential for the resistant phenotype.
The plasmid pES10 contained MRL862 ERG11 in which the NcoI frag-
ment was replaced with the NcoI fragment of H99 ERG11, leaving the
Y145F mutation intact. Both pES9 and pES10 constructs contained the
hygromycin drug resistance marker (HYG) in the 3= flanking region be-
tween the junction of MRL862 ERG11 and H99 ERG11. Furthermore,
linear ClaI-ApaI DNA fragments of pES9 and pES10 were separately in-
troduced into the H99 strain in which ERG11 was replaced with that of
MRL862 (TES12), and then transformants resistant to hygromycin but
sensitive to neomycin and nourseothricin were selected (Fig. 1A). Putative
transformants (TES9 and TES10) were identified by PCR and confirmed
by Southern blot analysis.

Triazoles and MIC determination. FLC was purchased from Hospira,
Inc. (Lake Forest, IL), and ITC (Sporanox) was purchased from Janssen
Pharmaceutica N.V. (Beerse, Belgium) for the treatment of infected ani-
mals. MICs for FLC, ITC, PSC, and VRC were determined using Etest
strips according to the Etest technical guide (AB Biodisk, Solna, Sweden),
with slight modification. Overnight YEPD cultures were diluted in sterile
0.9% NaCl to an optical density at 600 nm (OD600) of 0.05 and plated on
YEPD agar plates. Etest strips were overlaid, plates were incubated at 30°C
for 48 h, and the susceptibility endpoint was read at the first growth inhi-
bition ellipse. The susceptibilities of the isolates to azole antifungals were
also performed using the standardized CLSI M27-A3 broth dilution
method (8).

Sterol analysis. Sterol profiles of the strains were analyzed as described
previously (24). Briefly, the cells were grown overnight in YEPD broth at
30°C. Each culture was adjusted to an OD600 of 0.3 and divided into three
samples: one supplemented with 64 �g/ml FLC, the second supplemented
with 4 �g/ml ITC, and the third not supplemented with any drug. All
samples were grown at 30°C for 3 h, and the cells were harvested by
centrifugation and washed once with sterile distilled water. The pellets
were resuspended in 9 ml methanol; 4.5 ml 60% (wt/vol) KOH was added
together with 5 �g cholesterol (used as an internal recovery standard).
Cell suspensions were heated to 75°C in a water bath for 2 h to complete
the saponification; the sterols were then extracted with hexane and ana-

lyzed by gas chromatography-mass spectrometry (GC-MS) with an Agi-
lent 6890 gas chromatograph (using an HP-1 fused silica column and a
temperature program from 200°C [for 1 min] to 300°C at a rate of 10°C/
min) coupled to a Waters GCT time of flight high-resolution mass spec-
trometer using MassLynx (version 4.0) software. The relative amount of
each sterol was obtained by comparing the area under the curve for each
sterol with that for the internal standard of cholesterol in the chromato-
gram.

Animal experimental study. All animal studies were approved by the
institutional animal care and use committee at NIAID, NIH. For the in
vivo susceptibility to azoles, the isolates were tested in female BALB/c mice
(weight, 20 g) by using the experimental model of systemic cryptococco-
sis. The mice were challenged intravenously with an inoculum of 5 � 104

CFU/mouse. FLC and/or ITC was administered intraperitoneally at a con-
centration of 10 mg/kg of body weight/day. Treatment was initiated 24 h
after infection and was continued for 10 days for mice infected with H99-
derived strains and 20 days for mice infected with the MRL862 strain. Ten
animals were used for each strain. The mice were observed through day
30, and mortality was recorded daily.

Statistics. Survival data from the animal experiments were analyzed
using a two-group Wilcoxon test. An unpaired t test was used to compare
differences in sterol content between isolates containing point mutations
in ERG11 and the H99 wild-type strain. A P value of less than 0.05 was
considered to be significant.

Nucleotide sequence accession numbers. The GenBank accession
numbers for the MRL862 and H99 ERG11 genes are JQ044789 and
JQ044790, respectively.

RESULTS AND DISCUSSION
Detection of mutations in the ERG11 gene in an FLC-resistant
clinical isolate of C. neoformans (MRL862). The MRL862 strain
exhibited unusually high resistance to FLC, with high MICs (ac-
cording to the CLSI method) and a heteroresistance level of 128
�g/ml (Table 1). The heteroresistant clones grown at 128 �g/ml
FLC were able to adapt to FLC concentrations of up to 400 �g/ml
(24). In the present study, these highly resistant clones that could
tolerate 400 �g/ml FLC reverted back to the original level of het-
eroresistance at 128 �g/ml after 63 daily transfers in drug-free
YEPD broth. Clinical isolates of C. neoformans with such a high
FLC resistance level have rarely been reported, and we suspected
that MRL862 may contain a mutation(s) in ERG11 that encodes
the lanosterol 14�-demethylase, the target of azoles. The ERG11
gene of MRL862 was obtained by PCR, and its sequence was com-
pared to that of ERG11 of H99, the genome-sequenced serotype A
reference strain. The sequence of the ERG11 gene from MRL862
revealed a total of 17 nucleotide changes within its exons com-
pared to the sequence of ERG11 from H99. Among these, 5 were
considered the candidate mutations responsible for FLC resis-
tance, while the remaining 12 changes were silent mutations (see
Fig. S1 in the supplemental material). One of the five missense
mutations was the replacement of tyrosine with phenylalanine at
amino acid 145 (Y145F) in the catalytic domain. This amino acid
is highly conserved in cytochrome P450 ERG11/Cyp51 in the B=
helix/BC loop in most fungi and animals but not in plants or
bacteria (see Fig. S1 in the supplemental material) (13). Azole
resistance associated with alterations in the target gene ERG11 has
been extensively studied in C. albicans and Aspergillus fumigatus
but not in C. neoformans (9, 14, 16, 21). The C. neoformans ERG11
gene sequence is conserved in other basidiomycetes (20). How-
ever, which residues of Erg11 are associated with azole resistance is
poorly understood in basidiomycetous fungi in general and C.
neoformans in particular. Although the functional importance of
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the tyrosine replacement by phenylalanine has not been analyzed,
several studies have reported strains of C. albicans and Histo-
plasma capsulatum with the corresponding mutation, Y132F and
Y136F, respectively, in the ERG11 gene that were isolated from

patients treated with triazoles (7, 11, 16, 19, 29). To characterize
the functional importance of the Y145F mutation in the ERG11
gene of strain MRL862, we first replaced the ERG11 gene in H99
with the genomic copy of MRL862 ERG11 by biolistic transforma-

FIG 1 Importance of Y145F. (A) Outline of the strategy for ERG11 gene manipulation. Diagrams show a map of the ERG11 gene in H99 (no mutation), MRL862, and
various constructs containing the amino acid substitutions. (B) Designations of strains with various ERG11 alleles. TES12 was created by replacing the H99 ERG11 gene
with the MRL862 ERG11 gene, which contained all 5 point mutations; TES9 contained only the Y145F amino acid substitution, and TES10 contained the other four
missense mutations (see Materials and Methods). (C to F) Effect of Y145F mutation on susceptibility to azoles. Etest plastic strips impregnated with a gradient of FLC (C),
VRC (D), ITC (E), or PSC (F) were placed onto YEPD plates inoculated with the indicated strains. Growth inhibition was observed after 48 h at 30°C.

Sionov et al.

1164 aac.asm.org Antimicrobial Agents and Chemotherapy

http://aac.asm.org


tion (Fig. 1A; TES12). Further molecular manipulations were car-
ried out in TES12 by swapping various forms of mutations into the
ERG11 gene to determine the role of Y145F in FLC resistance of C.
neoformans (see Materials and Methods).

Antifungal susceptibility. Table 1 and Fig. 1 show the results
of triazole susceptibility testing of strains carrying different ERG11
alleles. The MIC of FLC for the H99 strain was between 8 and 16
�g/ml, while the MRL862 strain exhibited MICs of 128 to 256
�g/ml. The FLC MIC of TES12, a derivative of the H99 strain
carrying the ERG11 gene isolated from MRL862 that contained all
five missense mutations, was 128 to 256 �g/ml. This result
strongly suggested that the resistance of MRL862 to FLC is linked
to the five missense mutations in its ERG11 gene. Moreover, the
TES9 strain, which contained only one missense mutation, Y145F,
in the ERG11 gene showed the same FLC MIC as the MRL862 and
TES12 strains. This demonstrated that a single Y145F substitution
in Erg11 can confer high resistance to FLC. This conclusion was
supported by the relatively low FLC MIC of the TES10 strain (8 to
16 �g/ml), which contained the other four missense mutations in
Erg11 (P6S, C45G, Q50L, and S460T). The substitutions of the
four amino acids in Erg11 of MRL862, therefore, were unrelated
to the FLC resistance in vitro.

We also examined the drug sensitivity of these strains to vari-
ous other triazoles. VRC is a triazole structurally similar to FLC,
with the major difference being the substitution of a fluoropyrimi-
dine group in place of one of the triazole moieties in FLC. All
strains exhibited similar patterns of resistance toward VRC as to-
ward FLC: H99 and TES10 were more susceptible to VRC (MIC
ranges, 0.19 to 0.25 �g/ml) than the MRL862, TES12, and TES9
strains (MIC ranges, 2 to 3 �g/ml) (Fig. 1D). ITC and PSC are
related azoles, and though they target the same enzyme in ergos-
terol biosynthesis, they are structurally very different from FLC
and VRC by having long side chains. Interestingly, MRL862 was
highly susceptible to ITC (MIC, 0.094 �g/ml; Fig. 1E) and PSC
(MIC, 0.125 �g/ml; Fig. 1F). In comparison with MRL862, H99
displayed ITC and PSC MICs of 1 �g/ml and 0.5 �g/ml, respec-
tively. The strains TES12 and TES9, which contained Y145F in the
H99 background, were slightly more susceptible to ITC (MIC,
0.38 �g/ml) and PSC (MIC, 0.25 �g/ml), while TES10 had sus-
ceptibility similar to that of H99 to both azoles (ITC MIC, 0.75;
PSC MIC, 0.5 �g/ml).

Other missense mutations in Erg11/Cyp51 that result in differ-
ential susceptibility to different azoles have been reported in C.
albicans (16) as well as in A. fumigatus (9, 14). Replacement of
tyrosine with a histidine in amino acid 447 (Y447H) in the C.
albicans Erg11 resulted in resistance to FLC and ITC but mainte-
nance of a high susceptibility to VRC. Similarly, mutations in the

amino acid 54 of the A. fumigatus Cyp51A, replacing glycine with
arginine, glutamate, or tryptophan, resulted in resistance to ITC/
PSC but not to VRC (14). These findings indicate that there are
multiple amino acid residues of Erg11/Cyp51 in each species that
can differentially affect the interaction of the enzyme with tria-
zoles.

Molecular model of C. neoformans ERG11. The molecular
model of cryptococcal Erg11 has been published (23). However,
the location of Y145 and its position relative to the substrate
(eburicol) or azoles have not been clearly described. We per-
formed homology modeling and molecular dynamics to under-
stand the structural importance of Y145 in the Erg11 molecule
(see Fig. S2 in the supplemental material). We hypothesize that
such approaches might explain the different effects observed with
FLC and VRC as well as ITC and PSC. The specific domains in the
Erg11 mutant which enable stable docking of these triazoles may
be structurally different from those in the wild type. However, we
failed to use methods of molecular dynamics with our models to
corroborate our experimental observations with in silico analysis
(data not shown). How Y145F is affecting the interaction of
Erg11-substrate or Erg11-azoles may require X-ray crystallogra-
phy or multiple-dimensional nuclear magnetic resonance. Never-
theless, these techniques are difficult to apply to large membrane
proteins such as Erg11.

Sterol profiles of the isolates. We have previously shown that

TABLE 1 MICs of azole compounds for isolates used in the study

Strain [amino acid substitution(s)]

MIC (�g/ml)a

FLCb FLCc VRCc ITCc PSCc

H99 8 16 0.25 1 0.5
MRL862 (P6S, C45G, Q50L, Y145F, S460T) 128 �256 2 0.094 0.125
TES12 (P6S, C45G, Q50L, Y145F, S460T) 128 �256 3 0.38 0.25
TES9 (Y145F) 128 �256 2 0.38 0.25
TES10 (P6S, C45G, Q50L, S460T) 8 12 0.19 0.75 0.5
a Triazole MICs of each strain were consistent between three independent tests.
b MICs determined by microdilution method.
c MICs determined by Etest.

FIG 2 Histogram of relative amounts of major sterol fractions from isolates
treated with FLC and ITC. The sterol contents of each strain from untreated,
FLC-treated, or ITC-treated cultures were analyzed by gas chromatography.
Data are presented as the relative ratio between the sterol contents to the
internal cholesterol standard. Bars represent standard deviations of three bio-
logical repeats. *, P � 0.05 compared to H99 in each set of treatments.
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FLC treatment of the H99 strain resulted in a decrease of ergos-
terol content accompanied by an increase of eburicol and obtusi-
folione, which was designated an unidentified sterol intermediate
(24). To understand the specific impact of Erg11 dysfunction, the
sterol profiles in the mutants were analyzed. Without azole treat-

ment, ergosterol was the major fraction of the total sterol content
and a minor peak of ergost-7-enol was detected in all strains (see
Fig. S3A in the supplemental material). These results are consis-
tent with our previous observations (24). However, the strains
containing the Y145F mutation, TES9, TES12, and MRL862, ex-

FIG 3 Effects of FLC treatment on the survival of mice. The mice were challenged intravenously with the designated strains with an inoculum of 5 � 104

CFU/mouse. FLC was administered intraperitoneally at a concentration of 10 mg/kg/day. Survival rates (percentages) for FLC-treated animals and untreated
controls are plotted against the number of days after inoculation.
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hibited a low level of eburicol without any drug treatment (Fig. 2;
see Fig. S3A in the supplemental material). Following FLC treat-
ment, the ergosterol content was dramatically reduced in strains
containing Y145 (H99 and TES10) and eburicol became the pre-
dominant sterol (Fig. 2; see Fig. S3B in the supplemental material).
This result corroborates the classic pattern of cryptococcal sterol
14�-demethylase activity inhibited by azoles (17, 24). In strains

containing the Y145F mutation, the ergosterol content was also
reduced, while the eburicol amount increased under FLC treat-
ment. However, the relative levels of ergosterol were significantly
higher and those of eburicol were significantly lower in strains
containing the Y145F mutation than in strains without the muta-
tion (Fig. 2; P � 0.05). Similarly, upon FLC treatment the relative
amounts of obtusifolione were lower in strains containing the

FIG 4 Effects of ITC treatment on the survival of mice. The mice were challenged intravenously with the designated strains with an inoculum of 5 � 104

CFU/mouse. ITC was administered intraperitoneally at a concentration of 10 mg/kg/day. Survival rates (percentages) for ITC-treated animals and untreated
controls are plotted against the number of days after inoculation.
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Y145F mutation than in strains that did not, although the differ-
ences were not statistically significant, except for those for the
MRL862 strain (P � 0.05). These results suggest that the differ-
ences in the sterol levels in the presence or absence of FLC most
likely were the result of the Y145F mutation.

Accumulation of obtusifolione, a 14-methylated 3-ketosteroid, in
the sterol profile of the strains treated with either FLC or ITC was
noteworthy and is in agreement with the published reports (17, 26).
Sterol analysis revealed eburicol to be the predominant intermediate
sterol present in the total sterol fraction of the strains treated with FLC
and ITC. This is consistent with blockage of the ergosterol biosyn-
thetic pathway at the C-14 demethylation step. Similarly, in strains
treated with ITC, the eburicol and obtusifolione contents increased
and ergosterol content decreased (Fig. 2; see Fig. S3C in the supple-
mental material). However, the relative differences in the contents of
these sterols were not significant in most of the strains compared to
H99, except for eburicol in TES12.

Therapeutic effect in mice. Since MRL862 was isolated from a
case of cryptococcosis refractory to FLC treatment, we attempted
to determine the therapeutic effect of azoles in mice infected with
MRL862 and the H99-derived strains (with or without the Y145F
mutation). BALB/c mice were inoculated intravenously with the
aforementioned isolates. The infected mice were divided into two
groups; one group was treated with azole drugs daily, and the
other group received vehicle only (see Materials and Methods).
Figure 3 demonstrates the survival rate of infected mice with or
without FLC treatment. MRL862, H99, and the three ERG11-
modified H99 strains caused 100% mortality in both the control
(no treatment) and the FLC-treated groups. However, in the
groups infected with H99 or TES10 (Y145), the mice survived
longer with FLC treatment than the untreated controls (Fig. 3A
and E; P � 0.0001). FLC therapy had no effect in mice infected
with the MRL862 strain (Fig. 3B; P � 0.0702) or the TES12 strain
(containing all five missense mutations) (Fig. 3C; P � 0.0606).
Mice infected with the TES9 (with Y145F) strain responded more
poorly to FLC than those infected with H99 and/or TES10 (Fig.
3D; P � 0.002). In contrast, ITC treatment did not prolong sur-
vival of the mice infected with H99 or TES10 (no Y145F) (Fig. 4A
and E; P � 0.05). However, a higher efficacy of ITC treatment was
discernible in the animals infected with strains containing the
Y145F mutation (MRL862, TES12, or TES9) (Fig. 4B to D; P �
0.001), although all mice eventually succumbed to infection. The
inocula in these experiments were rather high (5 � 104 cells/
mouse via the intravenous route), and the differences in the effi-
cacy of FLC and ITC treatment could have been more pronounced
with a lower inoculum, depending on the status of the infecting
strains’ Erg11 145 residue. These animal data corroborated the in
vitro susceptibility of the strains to the different triazoles and con-
firm the importance of the Y145F missense mutation for differen-
tial susceptibility toward FLC versus ITC.

The present study on the characterization of the Erg11 muta-
tion in MRL862 has several significant aspects. First, the MRL862
strain showed the highest MIC as well as the highest level of het-
eroresistance to FLC (128 �g/ml) observed in more than 100 en-
vironmental and clinical isolates screened (24). Second, the
MRL862 strain was highly resistant to FLC and VRC but relatively
sensitive to ITC and PSC. Third, differences in susceptibility to the
two groups of triazoles were reflected in the treatment efficacy in
mice infected with this strain.

Recently, we have reported that C. neoformans strains acquire

resistance to high concentrations of FLC by duplications of mul-
tiple chromosomes in response to drug pressure (25). Indeed, the
MRL862 strain produced heteroresistant clones that could toler-
ate FLC concentrations up to 400 �g/ml, and the heteroresistant
clones contained two copies of chromosome 1 (data not shown).
Importantly, it has been shown that the duplication of chromo-
some 1 is closely associated with two of its resident genes: ERG11
and AFR1, the major transporter of azoles in C. neoformans (25).
Upon repeated transfer in drug-free medium, the MRL862 het-
eroresistant clones that could tolerate 400 �g/ml FLC returned to
the original level of heteroresistance (128 �g/ml) by losing the
extra copy of chromosome 1. These observations indicate that the
mutations in Erg11 do not interfere with the mechanism of het-
eroresistance, an innate mechanism of azole resistance in C. neo-
formans. Our findings also suggest that it is important to test sus-
ceptibilities to different triazole drugs before choosing the
appropriate one to treat patients infected by FLC-resistant C. neo-
formans strains.
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