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The antifungal flucytosine (5-fluorocytosine [SFC]) is a prodrug metabolized to its toxic form, 5-fluorouracil
(S5FU), only by organisms expressing cytosine deaminase. One such organism is Candida glabrata, which has
emerged as the second most common agent of bloodstream and mucosal candidiasis. This emergence has been
attributed to the high rate at which C. glabrata develops resistance to azole antifungals. As an oral agent, SFC
represents an attractive alternative or complement to azoles; however, the frequency of SFC resistance
mutations and the mechanisms by which these mutations confer resistance have been explored only minimally.
On RPMI 1640 medium containing 1 pg/ml SFC (32-fold above the MIC, but less than 1/10 of typical serum
levels), resistant mutants occurred at a relatively low frequency (2 X 10~7). Three of six mutants characterized
were SFU cross-resistant, suggesting a mutation downstream of the Fcyl gene (cytosine deaminase), which was
confirmed by sequence analysis of the Furl gene (uracil phosphoribosyl transferase). The remaining three
mutants had Fcyl mutations. To ascertain the effects of SFC resistance mutations on enzyme function, mutants
were isolated in ura3 strains. Three of seven mutants harbored Fcyl mutations and failed to grow in uridine-
free, cytosine-supplemented medium, consistent with inactive Fcyl. The remainder grew in this medium and
had wild-type Fcyl; further analysis revealed these to be mutated in the Fcy2L homolog of S. cerevisiae Fcy2
(purine-cytosine transporter). Based on this analysis, we characterized three SFC-resistant clinical isolates,
and mutations were identified in Furl and Fcyl. These data provide a framework for understanding SFC

resistance in C. glabrata and potentially in other fungal pathogens.

Candida glabrata has emerged in recent years as the second
most common agent of mucosal and invasive candidiasis (16,
17, 20, 25). This emergence can be attributed largely to the
intrinsically low susceptibility of C. glabrata to azole antifungals
and its high capacity for acquired azole resistance. Azoles such
as fluconazole, introduced in 1990, are used widely due to their
low toxicity, availability in both oral and intravenous formula-
tions, and excellent activity versus most other yeasts, including
Candida albicans. With one exception, the remaining classes of
antifungals are deficient in one or more of these properties;
specifically, polyenes such as amphotericin B are toxic, echi-
nocandins such as caspofungin can only be administered intra-
venously, and allylamines such as terbinafine lack anticandidal
activity. The exception is the pyrimidine analog flucytosine
(5-fluorocytosine [SFC]), which represents an attractive alter-
native or complement to azoles, with excellent activity against
most C. glabrata isolates (MICy, of =0.12 pg/ml) (21) and
the capacity for both oral and intravenous administration (al-
though the latter formulations are not currently available in
the United States). SFC is also well tolerated when moderately
dosed (e.g., serum level of 25 pg/ml) (29); however, higher,
potentially toxic doses are often used in attempts to counter
resistance (see below) or to broaden the spectrum of activity to
fungi with intrinsically low susceptibility, such as Cryptococcus
spp. (MIC,, = 2 to 16 pg/ml) (22, 24).

SFC is unique among antifungals in being a prodrug and in
targeting a nonessential salvage pathway (Fig. 1). Studies of
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susceptible fungi, primarily the genetic model Saccharomyces
cerevisiae, have shown that SFC is taken up by one or more
cytosine permeases (the most relevant is encoded by FCY2)
(19, 32) and modified to 5-fluorouracil (SFU) by cytosine
deaminase (encoded by FCYI [also known as FCAI in C.
albicans]) (3). Subsequent modifications to 5-fluoro-UMP by
uracil phosphoribosyl transferase (UPRT; encoded by FURI)
(11, 12) and to 5-fluoro-dUMP ultimately result in the disrup-
tion of protein and DNA synthesis. The absence of cytosine
deaminase in mammalian cells provides the basis for selective
toxicity. SFU, in contrast, is highly toxic, and indeed, the con-
version of SFC to SFU by gut bacteria may be largely respon-
sible for SFC toxicity (29).

High rates of acquired resistance during monotherapy are
considered a major limitation of SFC therapy and are part of
the rationale for the use of high, potentially toxic doses (29).
However, these rates may differ significantly between the hap-
loid species C. glabrata and diploid Candida species such as C.
albicans and Candida tropicalis. In a large global survey, most
isolates of these three species exhibited SFC MICs of =0.25
pg/ml, and using MICs of =8 pg/ml as a breakpoint, only 1%
of C. glabrata isolates were SFC resistant (21). For C. albicans
and C. tropicalis, the rate of resistant isolates increased, to 3
and 8%, respectively. Moreover, in a subset of C. albicans
isolates (serotype B), the majority of isolates exhibit interme-
diate susceptibility or resistance (24). The predominant mech-
anism behind this was elucidated by Dodgson et al. (2) and
Hope et al. (7). C. albicans isolates can be grouped genotypi-
cally into five major clades, and intermediate susceptibility and
resistance strongly correlate with clade 1 (23). Dodgson et al.
identified the mutation Argl01Cys (R101C) in Furl, which is
present in heterozygous form in intermediate isolates and in
homozygous form in resistant isolates. The analogous mutation
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FIG. 1. Salvage pathway for cytosine (or SFC) uptake and conver-
sion to UMP (or 5-fluoro-UMP) in yeast (and in the case of SFC, the
downstream consequences on RNA, DNA, and protein synthesis).
Also shown (in abbreviated form) are the alternative pathways for
UMP production via the de novo pathway or uridine uptake.

R99S (formerly labeled R134S based on an erroneous start
site) was previously identified in an S. cerevisiae laboratory
mutant (12). Thus, SFC resistance results from a relatively
high-frequency mitotic gene conversion event, as originally
envisioned by Whelan (33), rather than requiring a much less
frequent point mutation. Hope et al. confirmed these findings
and, furthermore, identified specific mutations in Fcal (G28D
and S29L) responsible for SFC resistance or intermediate sus-
ceptibility. The basis for SFC resistance has also been explored
in Candida dubliniensis (where it was associated with the Fcal
S29L mutation) (18), Candida lusitaniae (Fcy2 truncation or
Feyl MIT mutation) (5), and most recently, C. glabrata (Furl
G190D mutation, Fcyl W148R mutation, and Fcy2 G246S
mutation) (1, 28).

The mechanism by which these mutations confer resistance
can be inferred from previous work with S. cerevisiae. Specifi-
cally, null mutants (including disruptants) of the genes encod-
ing Feyl, Furl, and Fcy2 confer SFC resistance (3, 9, 11, 19).
This is feasible because the salvage pathway employing these
enzymes is nonessential, i.e., UMP can also be synthesized
from exogenously acquired uridine or de novo from L-glu-
tamine (Fig. 1). An understanding of 5FC resistance mecha-
nisms in pathogenic yeast would facilitate rapid, molecular
technology-based detection and may also suggest novel ways to
reduce or reverse resistance. Toward this goal, we present here
an analysis of SFC resistance mechanisms in C. glabrata. In
laboratory mutants, resistance occurred at a moderately low
frequency, and mutations were distributed between Feyl, Furl,
and the Fcy2 paralog Fcy2L. Mutations in Feyl, Furl, and the
Fcy2 paralog Fcy2J were subsequently identified in a small set
of clinical isolates exhibiting reduced SFC susceptibility.

MATERIALS AND METHODS

Strains, media, and drugs. C. glabrata strains were obtained from the following
sources: 66032, ATCC, Manassas, VA; BG14, B. Cormack, Johns Hopkins Uni-
versity; 20251.021 and 20408.055, M. Pfaller and D. Diekema, University of Iowa;
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and TE34-75 and TE34-78, P. Nyirjesy, Drexel University College of Medicine.
Strain 66032u was previously described (31). Media included YPD (1% yeast
extract, 2% peptone, 2% dextrose) and RPMI (RPMI 1640, 0.165 M morpho-
linepropanesulfonic acid [MOPS], pH 7.0, 2% dextrose). Where indicated,
RPMI was supplemented with 10 pg/ml uridine or 30 pg/ml cytosine. Stocks of
SFC and 5FU were prepared in 50% dimethyl sulfoxide (DMSO) at 5 to 15
mg/ml and stored at —20°C; in all experiments, DMSO was diluted to <0.5%.
Medium components and drugs were obtained from Fisher Scientific (Pittsburgh,
PA) and Sigma-Aldrich (St. Louis, MO).

Selection of SFC-resistant mutants. Approximately 1 X 107 cells from log-
phase cultures were spread on RPMI agar containing 1 pg/ml SFC and then
incubated at 35°C for 3 to 4 days. For ura3 strains, the RPMI medium was
supplemented with 10 pg/ml uridine. Colonies were streaked for isolation on
drug-free YPD.

Susceptibility assays. Broth microdilution assays with SFC or SFU were per-
formed as previously described (10), substituting RPMI for YPD. Following
incubation at 35°C for the indicated times, absorbance at 630 nm was read in a
microplate reader. The MIC was defined as the lowest concentration inhibiting
growth =80% relative to that of the drug-free control.

Cytosine assimilation assay. Cultures were diluted to approximately 100
cells/ul in sterile water, and 3 pl of each was spotted onto an RPMI plate
supplemented with 30 wg/ml cytosine. For negative and positive growth controls,
plates were not supplemented or were supplemented with 10 wg/ml uridine.
Growth was examined after 24 h at 35°C.

Sequence analysis. A genomic DNA template was prepared and PCR ampli-
fied with gene-specific primer pairs (Table 1) as previously described (10). Fol-
lowing Exo-SAP-IT treatment (USB, Cleveland, OH), PCR products were se-
quenced (Genewiz, South Plainfield, NJ) with the indicated primers (Table 1).
Sequences were compared by BLASTN and BLASTX searches of the Génole-
vures (www.genolevures.org) and GenBank (www.ncbi.nlm.nih.gov/GenBank)
databases. All mutations were unambiguously confirmed by visual inspection of
the chromatograms.

RESULTS AND DISCUSSION

Laboratory mutants resistant to SFC occur at a relatively
low frequency. The SFC MIC for C. glabrata strain 66032 was
0.03 pg/ml in RPMI medium, which is comparable to the MICs
we obtained for 7 randomly selected clinical isolates (data not
shown) and those reported in a large survey (21). This MIC
increased 16-fold in YPD, consistent with the presence in this
medium of cytosine, which competes with SFC for uptake.
Based on these data, we selected resistant mutants on RPMI
medium containing 1 pg/ml SFC, i.e., a concentration 32-fold
above the MIC. On these plates, mutants occurred at a rela-
tively low frequency of 2 X 1077, This is about 50-fold lower
than the frequency of spontaneous fluconazole resistance but
about 10-fold higher than the frequency of spontaneous echi-
nocandin resistance in the same strains (30; our unpublished
data). Six mutants were streaked on drug-free medium for
isolation and were tested for SFC susceptibility. All were fully

TABLE 1. Primers used in this study

Primer Application Sequence (5'-3")

CgFCY1uF1  PCR
CgFCY1uF2  Sequencing
CgFCY1dR PCR
CgFURIuF1 PCR

ACTTAGTGCTGGTGGGCAGAAT
TGGCACTGACTCCTGGTATTCA
TCCTATCCGTATTTTCTTCGTCACT
CCAGTCAGTATTCCACAGAAAGC

CgFURIuF2  Sequencing ATGCACAGTTGATCCTGGAACAT
CgFURIdR  PCR ACAGTAAACGTTGGACTTAATGGAT
CgFCY2JuF  PCR/sequencing GTAGAAAATAGATATAACATCCCC
CgFCY2JiF1  Sequencing CAAACTTCGCTGTCTTCCTAG
CgFCY2JiF2  Sequencing CCAAACATGTACACCATCGC
CgFCY2JdR  PCR/sequencing GTATGAAATATTGATGCAAAGTGG
CgFCY2LuF  PCR/sequencing GTTACGTTATCTTTATTTGTCGGGT
CgFCY2LiF  Sequencing TGGGGTGTCGTTAACACTGT
CgFCY2LdR PCR/sequencing GTGTATGATTTCATTATGAAAGAGG
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TABLE 2. Characteristics of SFC-resistant C. glabrata laboratory mutants and clinical isolates

Strain SFC MIC (pg/ml) SFU susceptibility” Cytosine assimilation” Mutated protein Mutation

66032-based strains

Parent 0.03 S

66-FC4 =32 S Feyl A15D

66-FC5 =32 S Feyl A15D

66-FC6 =32 S Feyl G11D

66-FC1 =32 R Furl 183K

66-FC2 =32 R Furl AG73-V81

66-FC3 =32 R Furl G71V
66032u (ura3)-based strains

Parent 0.008 S +

66u-FC3 =32 S - Feyl H59D

66u-FC6 =32 S - Feyl T92Astop

66u-FC1 1 S + Fey2L W291stop

66u-FCS 1 S + Fcy2L E342stop

66u-FC10 1 S + Fey2L Q396stop
BG14 (ura3)-based strains

Parent 0.03 S +

BG-FC4 =32 S - Feyl E17stop

BG-FC8 1 S + Fcey2LL E238-V277dup
Clinical isolates

20251.021 =32 S Feyl T84L

20408.055 =32 R Furl G210D

TE34-78 =32 R Furl L136R

TE34-75 0.25 S Fey2J 1384F

@S, susceptible to SFU (MIC < 4 pg/ml); R, resistant to SFU (MIC = 4 pg/ml).

b Cytosine assimilation by ura3 strains and mutants was tested on RPMI plates supplemented with 30 pg/ml cytosine. +, growth; —, no growth.

resistant, with SFC MICs of =32 pg/ml (Table 2). They were
further tested for SFU susceptibility, which should distinguish
between mutations upstream (SFU susceptible) and downstream
(5FU resistant) of the Furl gene. The 6 mutants proved to be
divided equally into SFU-susceptible and -resistant strains (Ta-
ble 2).

Furl and Fcyl mutations correlate with SFU resistance and
susceptibility, respectively. As predicted, all 3 mutants dem-
onstrating SFC/5FU cross-resistance harbored mutations in
the C. glabrata homolog of Furl (Génolevures accession no.
CAGLOHO09064g; GenBank accession no. XP_447193). These
Furl mutations were nonconservative in all cases: I83K and
D193G mutations involved replacement of charged with un-
charged residues, and the AG73-V81 mutation involved a
9-amino-acid deletion. The remaining 3 mutants, which were
not SFU cross-resistant, harbored 2 different mutations in the
homolog of Feyl (Génolevures accession no. CAGL0OD01562g;
GenBank accession no. XP_445483). Both the A15D and G11D
mutations were nonconservative substitutions of charged for un-
charged residues.

Fcyl mutants of ura3 strains fail to assimilate cytosine,
confirming null mutation. The most likely effect of mutations
conferring SFC resistance is inactivation of enzyme activity,
i.e., the fcyl and furl mutants are null. This was genetically
tested by isolating mutants in ura3 strains and then testing their
ability to assimilate cytosine. The ura3 parent strains 66032u
and BG14 can assimilate cytosine, that is, grow on RPMI
medium lacking uridine but supplemented with cytosine, since
they have a functional Fcy2-Fcyl-Furl pathway for conversion
of cytosine to UMP. Seven SFC-resistant mutants of these ura3
strains were isolated and characterized: all were SFU suscep-

tible, consistent with studies of S. cerevisiae demonstrating syn-
thetic lethality of a furl-ura3 mutant combination (14). Three
mutants were fully SFC resistant (MICs of =32 pg/ml) and
failed to assimilate cytosine (Table 2). Consistent with these
data, sequencing identified Fcyl mutations in all three strains
that are likely null mutations, including a premature stop
codon (E17stop), a nonconservative substitution (H59D) in-
volving a catalytically critical residue (see below), and a frame-
shift at codon 92 followed shortly by a stop codon (T92Astop).

Fcy2L mutants of ura3 strains are similarly null but retain
ability to assimilate cytosine. The remaining four mutants of
the ura3 strains demonstrated low-level SFC resistance (MIC = 1
pg/ml, i.e., 32- to 128-fold above the parent MICs) and re-
tained the ability to assimilate cytosine (Table 2). Their Fcyl
genes were sequenced: no mutations were identified, con-
sistent with the cytosine assimilation data. This suggested a
mutation in SFC uptake. In S. cerevisiae, the purine-cytosine
permease Fcy2 has been implicated in SFC transport, al-
though two other paralogs, Fcy21 and Fcy22, are present;
the genes for all three are closely linked on a single chro-
mosome (19, 32). C. glabrata similarly encodes three Fcy2
homologs, although on separate chromosomes (L [Génole-
vures accession no. CAGLOL00671g], J [Génolevures acces-
sion no. CAGL0J02948g], and C [Génolevures accession no.
CAGLO0C00231g]); we refer to them as Fcy2L, Fcy2J, and
Fcy2C, respectively. There is no unambiguous synteny be-
tween the S. cerevisiae and C. glabrata Fcy2 genes, although
BLASTP analysis suggests that the order of relatedness to S.
cerevisiae Fcy2 is C. glabrata Fcy2L (76% identity), then
Fey2J (71%), then Fcy2C (61%). We therefore sequenced
the Fcy2L genes of the 4 mutants (and their 2 parents) and
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FIG. 2. (A) Alignment of Fcyl sequences from C. glabrata (CgFcyl) and S. cerevisiae (ScFcyl). Residues involved in substrate binding (A) or
zinc binding and catalysis (A), based on the ScFcyl crystal structure (8, 13), are labeled. Residues that are mutated in SFC-resistant C. glabrata
(Table 2) are underlined, and the mutations are indicated (*, premature stop codon). Also shown are previously reported SFC resistance-
conferring mutations in Fcyl orthologs of C. albicans (7), C. dubliniensis (18), C. lusitaniae (5), and C. glabrata (28), with the mutation preceded
by Ca, Cd, Cl, and Cg, respectively. (B) Alignment of C. glabrata Furl (CgFurl) and T. gondii UPRT (TgUPRT) sequences (for space reasons,
the 26 N-terminal residues of TgUPRT are not shown). Residues within the crystal structure (26) which bind the substrate phosphoribosyl
pyrophosphate (A) or the GTP regulator (<) and those which function as an active site general base (A) or uracil hood (@) are labeled. Residues
that are mutated in SFC-resistant C. glabrata (Table 2) are underlined, and the mutations are indicated. Also shown are previously reported
SFC/5FU resistance-conferring Furl mutations in S. cerevisiae (11, 12), C. albicans (2, 7), and C. glabrata (1), with the mutation preceded by Sc,

Ca, and Cg, respectively.

indeed observed mutations, all of which are very likely to be
null; specifically, there were three premature stop codons
and a 40-residue internal duplication in the middle third of
the protein (Table 2). These data suggest that SFC uptake is
partially restricted in these Fcy2LL mutants, conferring low-
level resistance, but that cytosine uptake through the alter-
native Fcy2J or Fcy2C permease remains sufficient to confer
growth. This is consistent with studies indicating multiple
cytosine/SFC transporters in C. glabrata (4) and S. cerevisiae
(19).

SFC-resistant clinical isolates demonstrate Fcyl, Furl, and
Fcy2]J mutations. Using the laboratory mutant data described
above as a framework, we characterized four independent
SFC-resistant clinical isolates. Two were obtained from a large
collection of yeast isolates characterized in terms of antifungal
MICs but otherwise undefined (21), and two were isolated
from vaginal swabs obtained from patients who had received
and failed topical SFC treatment for C. glabrata vaginitis (P.
Nyirjesy, personal communication). Three of these isolates
were fully SFC resistant, while the fourth was only marginally
so (i.e., the MIC was elevated 8-fold compared to those for
66032 and other wild-type strains). Two of the fully resistant
isolates were SFU cross-resistant and, as predicted, harbored
Furl mutations, specifically G210D and L136R mutations (Ta-
ble 2). One of the two 5FU-susceptible isolates harbored the
Fcyl T84L mutation, while the second was wild type for both

Feyl and the Fcy2L permease. We therefore sequenced its
Fcy2J] gene and identified the mutation I384F (Table 2). In
support of its role in SFC resistance, a second Fcy2] mutation,
G246S, was recently reported for a laboratory mutant (28).

Since SFC-susceptible parents were not available for any of
these clinical isolates, it was important to consider the possi-
bility that these mutations were simply strain-specific polymor-
phisms unassociated with SFC resistance. To do this, we com-
pared the mutant sequences to panels of sequences for at least
five susceptible C. glabrata isolates; in all cases, the mutations
were limited to the resistant isolates (data not shown). Fur-
thermore, in all four cases, the mutations were nonconserva-
tive, and the mutated residue was otherwise conserved among
diverse fungal species. Nevertheless, direct evidence for the
role of these specific mutations in SFC resistance is currently
lacking. This could be accomplished by their introduction into
susceptible strains or by reversion of the clinical isolate muta-
tion to the wild-type sequence.

Correlation of 5FC resistance-conferring mutations with
Fcyl, Furl, and Fcy2 structures. The crystal structure of S.
cerevisiae Fcyl has been described, and catalytically critical
residues that directly interact with the cytosine substrate or
zinc cofactor have been identified (8, 13). Figure 2A presents
an alignment of the S. cerevisiae and C. glabrata Fcyl sequences
with critical residues labeled, along with SFC resistance-con-
ferring mutations reported here and previously for other yeast
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species. The 10 mutations are not randomly distributed; rather,
6 involve (H59D and W152R) or are adjacent to (G28D, S29L,
T84L, and T92Astop) catalytically important residues. The
four remaining mutations are clustered near the amino termi-
nus (G11 to E17). While not directly involved in catalysis, in
the crystal structure they reside within the al helix, in close
proximity to the B1 strand, containing the substrate-binding
residue I27 and resistance-conferring mutations G28D and
S29L. Furthermore, the al helix forms a “flap” at the entrance
to the active site (8), and thus mutations in the G11 to E17
region may block substrate entry.

With respect to Furl, a crystal structure has been deter-
mined for protozoan Toxoplasma gondii UPRT (26), which is
closely related (58% identity) to C. glabrata Furl, despite the
evolutionary distance between these organisms. An alignment
of these two sequences is presented in Fig. 2B, with T. gondii
residues implicated in catalysis and substrate (uracil and phos-
phoribosyl pyrophosphate) binding indicated, along with the
SFC/SFU resistance-conferring mutations reported here and
previously for other yeast species. Of the four mutations re-
ported here, one (I83K) resides within the longest stretch of
conserved residues and is adjacent to phosphoribosyl pyro-
phosphate-binding residue R85. The G71V and AG73-V81
mutations involve or are adjacent to residues that bind GTP, a
regulator of UPRT tetramerization (26). Finally, the G210D
mutation is adjacent to the “hood” residues capping the uracil
binding site (26).

The Fcy2L and Fcy2] permeases are integral membrane
proteins. Crystal structures are not available, but for both per-
meases, TMHMM analysis (15) predicts a 75- to 104-residue
cytoplasmic N terminus followed by 12 closely spaced trans-
membrane helices. All four of the Fcy2L mutations conferring
SFC resistance are likely to be null, as they represent either
premature stop codons or a 40-amino-acid insertion within the
middle third of the protein. In contrast, the Fcy2J mutations
reported here (I384F) and elsewhere (G246S) (28) represent
nonconservative but relatively subtle changes within trans-
membrane helices 6 and 9, respectively. Further studies are
required to determine the effects of these mutations on Fcy2J
function.

Conclusions. Although its clinical use has declined in recent
years, SFC has several features that make it an attractive al-
ternative or complement to azoles, echinocandins, or ampho-
tericin B for C. glabrata infections. These include oral admin-
istration, lack of cross-resistance with azoles, and low toxicity
(when appropriately dosed) as a consequence of its fungus-
specific mechanism of activity. A remaining concern is the
perception that SFC resistance readily occurs during mono-
therapy. The in vitro data presented here partly allay these
concerns, as the resistance frequency (2 X 1077) was well
below that observed for fluconazole, though higher than that
for echinocandins. However, in contrast to echinocandin resis-
tance, which requires specific Fks1 hot spot mutations that
minimally affect enzymatic activity (6), the data presented here
and previously suggest that high-level SFC resistance is con-
ferred by a wide array of mutations conferring null phenotypes
for Fcyl or Furl. Furthermore, low-level resistance may be
conferred by a similarly wide range of mutations in one or
more Fcy2 permeases. On the other hand, it is possible that
null mutations in this cytosine assimilation pathway would have
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deleterious effects on C. glabrata viability or virulence in vivo,
effectively reducing the resistance frequency. An additional,
commonly used approach to reducing SFC resistance fre-
quency is to combine it with a second antifungal (29). While
SFC-azole combinations would seem particularly advanta-
geous for treating C. glabrata infection, this combination may
in fact be antagonistic (27); the basis for this is currently being
explored. In any case, the data presented here provide a frame-
work for mechanistic and epidemiological studies of SFC re-
sistance in C. glabrata. 1t is hoped that this framework will
address some of the uncertainties that currently limit the clin-
ical use of this much needed antifungal.
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