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The processes involved in cell death are complex, and individual techniques measure specific fractions of the
total population. The interaction of Candida albicans with amphotericin B was measured with fluorescent probes
with different cellular affinities. These were used to provide qualitative and quantitative information of physio-
logical parameters which contribute to fungal cell viability. SYBR Green I and 5,(6)-carboxyfluorescein were
used to assess membrane integrity, and bis-(1,3-dibutylbarbituric acid)trimethine oxonol and 3,3-dihexyloxa-
carbocyanine iodide were used to evaluate alterations in membrane potential. The fluorescent indicators were
compared with replication competency, the conventional indicator of viability. By using these tools, the eval-
uation of the response of C. albicans to amphotericin B time-kill curves delineated four categories which may
represent a continuum between alive and dead. The data showed that replication competency (CFU per milli-
liter) as determined by conventional antifungal susceptibility techniques provided only an estimate of inhibi-
tion. Interpretation of fluorescent staining characteristics indicated that C. albicans cells which were replica-
tion incompetent after exposure to greater than 0.5 mg of amphotericin B per ml still maintained degrees of
physiological function.

Candida albicans is both a commensal and opportunistic
pathogen of humans. Morbidity and mortality associated with
systemic infections caused by C. albicans remain unacceptably
high because of difficulties in diagnosis and treatment (11). A
mainstay of treatment for patients with invasive mycoses is the
polyene macrolide antifungal amphotericin B (AmB). AmB
binds to ergosterol, the principal sterol in the fungal cytoplas-
mic membrane. AmB molecules are believed to insert into the
fungal cytoplasmic membrane and form pore-like structures,
which culminate in osmotic instability, loss of membrane in-
tegrity, and metabolic disruption (4, 6).

Antifungal susceptibility testing remains dependent on the
enumeration of replication-competent yeast cells with long in-
cubation times and semiquantitative and subjective endpoints
(11, 22, 28). Better, direct methods are required to evaluate yeast
viability and the processes of fungal cell death and replicative
deactivation to further our understanding of fungus-drug in-
teractions. The process of cell replication deactivation as en-
visaged by Jones (16) involves a stepwise change in the physio-
chemical state of a cell which renders an intermediate form
incapable of initiating replicative processes but still capable
of metabolism. Measurements of qualitative and quantitative
characteristics essential to fungal cell viability can be achieved
with great precision by utilizing fluorescent probes which have
specific cellular affinities (8, 13, 25). In combination, these vi-
tality- and mortality-specific dyes monitor several physiological
processes, such as membrane integrity, monitored with the flu-
orescent intercalating dye SYBR Green I, intracellular enzyme
activity, monitored with the fluorogenic substrate 5,(6)-carboxy-
fluorescein diacetate (CFDA), and alterations in membrane po-
tential, monitored with the fluorescent potentiometric probes
bis-(1,3-dibutylbarbituric acid)trimethine oxonol [DiBAC4(3)]

and 3,3-dihexyloxacarbocyanine iodide [DiOC6(3)]. AmB-treated
C. albicans was investigated by comparing the levels of fluores-
cence from the four different probes to a standard time-kill
curve. The results are consistent with the presence of four dif-
ferent phenotypic states that are dependent on the concentra-
tion of AmB and the exposure time.

MATERIALS AND METHODS

Yeast strains. C. albicans ATCC 90028 (AmB MIC, 0.5 mg/ml) was obtained
from the American Type Culture Collection (Rockville, Md.). C. albicans 97-150
(AmB MIC, 0.5 mg/ml) and 96-90 (AmB MIC, 0.5 mg/ml) were obtained from the
National Center for Mycology, Division of Microbiology and Public Health,
Edmonton, Alberta, Canada. The MIC of AmB for these strains was determined
by broth microdilution (22).

Culture conditions and kill curve. C. albicans from frozen stock cultures was
subcultured twice on Sabouraud dextrose agar (Difco Laboratories, Detroit,
Mich.) prior to use. The yeast strains were grown aerobically in yeast-peptone-
dextrose (YPD) broth (1% mycological peptone, 1% yeast extract, 3% D-glu-
cose) on a rotary shaker at 35°C for 10 to 12 h until the desired concentration of
;4 3 106 cells/ml (confirmed by plate counts) was obtained. A total of 100 ml of
culture was decanted into 500-ml Erlenmeyer flasks, and the appropriate con-
centration of AmB (Fungizone; Squibb Canada) was added from a 275°C stock
of 10,000 mg/ml in dimethyl sulfoxide (DMSO). The culture flasks containing a
range of AmB concentrations were then returned to incubation at 35°C in the
dark. Each experiment included a control culture that was not exposed to AmB.
The cells in these cultures were present as blastoconidia. Each incubating culture
flask was sampled at 1.5, 4.5, and 10 h and then assayed directly (1-ml samples)
to quantitate intracellular ATP, total number of cells per milliliter, CFU per
milliliter, and vitality- and mortality-specific dye fluorescence.

Plate counts. The culture samples were grown on Sabouraud dextrose agar
plates to assess reproductive competency (CFU per milliliter). After incubation
at 35°C for 48 h, the colonies were counted. Samples were plated in triplicate
after appropriate serial dilutions in 0.85% physiological saline.

Particle counts. A 1-ml culture sample was centrifuged at 9,300 3 g for 5 min
at 25°C and resuspended in 1 ml of 0.1 M MOPS (3-[morpholino]propanosul-
fonic acid-sodium) (pH 7.0). The number of cells per milliliter in the sample was
assayed with a Coulter M430 Counter (Coulter Electronics Inc., Hialeah, Fla.).

Vitality- and mortality-specific fluorescent dyes. Fluorescent dyes were added
after incubation of cultures in AmB for 1.5, 4.5, and 10 h, which eliminated
uncertainties concerning growth-inhibiting effects of the staining process and
also enhanced the ability to detect fungistatic activity (13). Pilot experiments
established the most effective dye concentration, incubation time, temperature,
pH, and number of wash steps. All samples were initially centrifuged at 9,300 3
g for 5 min at the time of sampling. The stained culture samples were aliquoted
(200 ml per well) in triplicate into a 96-well Nunc-Immuno PolySorp plate (Nunc,
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Nalge Nunc International, Rochester, N.Y.) and assayed for relative fluores-
cence intensity (RFU) with a FL500 microplate fluorescence reader (Bio-Tek
Instruments Inc., Winooski, Vt.). All the fluorescent dyes could be optimally eval-
uated by using excitation and emission wavelengths of 485 and 530 nm, respectively.
Stained cells were evaluated qualitatively by fluorescence microscopy.

(i) CFDA treatment. C. albicans cells were resuspended in MOPS buffer (0.1
M MOPS, pH 7), washed two more times, and resuspended a final time in MOPS
buffer (pH 3) plus 50 mM citric acid. CFDA (Sigma Chemical Co., St. Louis, Mo.)
stock in DMSO was added, 10 ml of a 5-mg/ml concentration of stock, to each 1-ml
sample for a final concentration of 50 mg/ml. Incubation with the stain was in the
dark at 35°C, with shaking for 45 min. No additional wash step was then required.

(ii) DiOC6(3) treatment. C. albicans cells were resuspended in MOPS buffer
(pH 10). DiOC6(3) (Sigma Chemical Co.) stock in DMSO was added, 25.6 ml of
a 20-mg/ml concentration, to each 1-ml sample for a final concentration of 0.5
mg/ml. Incubation with the stain was in the dark at room temperature for 30 min.
The sample was then diluted 1:30 with Nonidet P-40 detergent (Sigma Chemical
Co.) and incubated for 1 h with shaking in the dark at room temperature.
Samples were then washed twice by centrifugation at 9,300 3 g for 5 min and
resuspension in MOPS buffer (pH 7.0). Samples were maintained on ice.

(iii) DiBAC4(3) treatment. C. albicans cells were resuspended in MOPS buffer
(pH 7.0). DiBAC4(3) (Molecular Probes Inc., Eugene, Oreg.) stock in 100%
ethanol was added, 2 ml of a 1-mg/ml concentration, to each 1-ml sample for a
final concentration of 2 mg/ml. Incubation with the stain was in the dark at room
temperature with shaking for 1 h. The samples were then washed in MOPS buffer
(pH 7.0) two times, as described above. Samples were maintained on ice.

(iv) SYBR Green I treatment. C. albicans cells were resuspended in MOPS
buffer (pH 7.0). SYBR Green I (14) in MOPS buffer (pH 7.0) was added, 15 ml
of a 1:100 dilution of stock, to each 1-ml sample. Incubation with the stain was
in the dark on ice at 4°C for 1 h. The samples were then washed two times in
MOPS buffer (pH 7.0), as described above. Samples were maintained on ice.

Bioluminescence assay of ATP. The luciferase ATP assay was used to assay the
effect of AmB on viable C. albicans cell biomass (24). The viable-cell count of
C. albicans exposed to an antifungal agent has been shown to be directly related
to intracellular ATP levels (2). ATP was assayed by measuring luminescence
produced by the oxidation of luciferin in the presence of luciferase and ATP.

(i) Analytical equipment and reagents. Light emission from the biolumines-
cence assay was measured in a Bio-Orbit (Turku, Finland) 1258 microplate
luminometer. The luminescence reaction temperature was set internally to
21°C. The ATP assay mix (Sigma Chemical Co.) containing luciferin and lucif-
erase was prepared fresh according to the manufacturer. Apyrase (purified grade
I; Sigma Chemical Co.) was used to eliminate extracellular ATP before the
extraction of intracellular ATP.

(ii) Elimination of extracellular ATP. A culture sample of 1 ml was centrifuged
at 9,300 3 g and resuspended in Tris-EDTA buffer (0.1 M Tris buffer [pH 7.8]
containing 2 mM EDTA). The washed sample, 50 ml, was incubated for 15 min
at 37°C with 50 ml of 0.04% apyrase ATPase.

(iii) Extraction of intracellular ATP. After elimination of the extracellular
ATP, 50 ml of the apyrase-treated sample was pipetted into 500 ml of boiling
Tris-EDTA buffer. After boiling for 90 s, the extracts were cooled and frozen at
275°C for later analysis.

(iv) Luciferase ATP assay. The ATP assay mix (80 ml) was added to 200 ml of
each thawed sample extract (in triplicate) in a nonstandard 96-well opaque plate
(Corning Costar Corp., Cambridge, Mass.), and the intensity of the luminescence
was determined for 10,000 ms after 1 min of incubation. The ATP concentration
present in the sample extracts was determined with an ATP standard curve. ATP
added to the extracts was used as an internal standard to correct for inhibition of
the luciferase reaction. Correction for machine background luminescence was
made by direct subtraction.

RESULTS

Replication competency and cell counts. Increasing AmB
concentration resulted in a dose-dependent reduction of rep-
lication competency for C. albicans to a maximum effect with
4 mg/ml at 10 h of incubation (Fig. 1A). AmB concentrations
higher than 4 mg/ml did not increase the extent or rate of
killing. The number of yeast cells present in cultures exposed
to AmB as measured by particle counts (Fig. 1A) did not
decrease below that present at the time of culture inoculation
(t0), and an increase in particle counts after t0 coincided with
growing cultures (0 to 0.3 mg of AmB per ml) (Fig. 1A). Rep-
lication competency and intracellular ATP content both de-
creased below t0 levels in cultures exposed to AmB concen-
trations greater than or equal to 0.5 mg/ml (Fig. 1A and B).
Beyond 4.5 h, there was no significant additional decrease in
replication competency in response to AmB (Fig. 1C). Growth
(CFU per milliliter), albeit suboptimal in comparison to that of

the control culture, was shown to occur at 4.5 and 10 h for
cultures exposed to concentrations of AmB up to 0.3 mg/ml.
C. albicans culture exposed to 0.4 mg of AmB per ml showed no
significant increase or decrease in replication competency over
the time course. A concentration of 0.4 mg of AmB per ml was
thus fungistatic. A decrease in agar plate counts indicative of
99% inhibition of growth for C. albicans at 10 h occurred at 0.5
mg/ml (Fig. 1A), which corresponded to (i) the predetermined
MIC and (ii) the lowest AmB concentration shown to be capable
of causing a decrease in CFU per milliliter at 10 h (Fig. 1C).

Intracellular ATP. The decrease in intracellular ATP at 10 h
reached a plateau at an AmB concentration of 1.2 mg/ml and
was paralleled by a decrease in replication competency (Fig.
1A and B). The lowest AmB concentration tested that resulted
in a 99% reduction of intracellular ATP concentration after 10 h
of incubation was defined as the AmB minimum effective con-
centration and was determined to be 0.2 mg/ml. The detection
limit for detecting intracellular ATP with this assay was 10210 M.

Vitality-specific fluorescent staining. Fluorescent staining of
AmB-treated C. albicans 96-90 with CFDA and DiOC6(3) (Fig.
2A) showed an exponential decrease in RFU in a dose-depen-
dent manner, plateauing at a concentration of 0.5 mg of AmB
per ml. The other two strains behaved similarly (data not shown).
The decreased fluorescence intensity presumably correspond-
ed to decreased intracellular sequestration of dye within the
cell (CFDA) or a decreased membrane binding [DiOC6(3)].

Mortality-specific fluorescent staining. (i) SYBR Green I.
C. albicans 96-90 cells stained with SYBR Green I showed a lin-
ear increase in RFU with increased exposure to AmB at concen-
trations between 2.0 and 4.0 mg/ml, with a plateau in RFU be-
tween 0.4 and 2.0 mg/ml and a peak in RFU at 0.2 mg/ml (Fig.
2B). SYBR Green I mortality-specific staining showed a grad-
ual increase in staining from 1.5 to 10 h for cultures exposed to
greater than 2.0 mg of AmB per ml, with RFU values at an AmB
incubation time of 4.5 h intermediate to those at 1.5 and 10 h
(Fig. 3A). The peak in RFU present in the culture incubated
with 0.2 mg of AmB per ml was shown to occur at 10 h of
incubation and not earlier. SYBR Green I staining was similar
for the other two C. albicans strains tested (data not shown).

(ii) DiBAC4(3). Fluorescent staining of C. albicans 96-90
with DiBAC4(3) showed a linear increase in RFU in cell cul-
tures incubated with increasing AmB concentrations between
0.8 and 4.0 mg/ml (Fig. 2B). This increase occurred at incu-
bation times greater or equal to 4.5 h (Fig. 3B). At 1.5 h of
exposure to AmB, mortality-specific staining did not increase
below a concentration of 2.0 mg/ml. A peak in DiBAC4(3)-spe-
cific staining occurred in cultures exposed to 0.2 and 0.3 mg of
AmB per ml, which coincided with the cultures which grew
during AmB exposure. This peak in fluorescence was present
at 10 h but not at the early times of 1.5 or 4.5 h (Fig. 3B).
DiBAC4(3) staining was equally effective for the other two
C. albicans strains tested (data not shown).

(iii) Replication competency and mortality-specific staining
comparison. Over the time course of C. albicans culture incu-
bation with AmB, the greatest mortality-specific fluorescent
staining occurred after 10 h and only with cultures which had
a significant reduction in replication competency. A direct
graphical comparison of these results accentuates the observa-
tion that these cells, after 10 h of exposure to AmB at concen-
trations between 0.5 and 1.0 mg/ml, are not able to replicate on
agar plates but do not take up mortality-specific dyes (Fig. 4).

DISCUSSION

Yeast viability is a measure of the number of living cells,
whereas vitality can be seen as a function of the total cell
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viability and the physiological state of that population (18).
Difficulties in quantifying microbial killing are due in large part
to which properties are attributed to the state of being alive,
since the presence of dead microbes must be inferred retro-
spectively from estimates of these properties. For instance,
reproductive competency as established through plate counts
has long been the property considered to be the “gold stan-

dard” for cellular viability, even though it is recognized that
only a fraction of viable cells replicate when stressed (21).
Direct measurements of yeast cell vitality and mortality would
provide a better understanding of antifungal activity and per-
haps lead to advances in design of antifungals. Vitality- and
mortality-specific fluorescent dyes, interpreted jointly, distin-
guish not only between live and dead microorganisms but also

FIG. 1. Evaluation of incubation of C. albicans 96-90 with increasing concentrations of AmB, including replication competency and particle counts at 10 h (A),
intracellular ATP at 10 h (B), and replication competency at 1.5, 4.5, and 10 h (C) t0 represents a measurement of the C. albicans culture prior to incubation with AmB.
Error bars indicate standard error.
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between the “vigorous, frail and injured” (19), potentially pro-
viding a summary evaluation of the true viability of each sub-
population affected by the drug.

The number of C. albicans cells, as detected by particle
count, present in the AmB-exposed cultures did not decrease
below that initially present at the time of culture inoculation,
suggesting that the cells while incapable of replication on agar
plates were still intact (Fig. 1A). Preliminary observations with

scanning electron microscopy confirmed the presence of intact
cells. Depending on their physiologic state, intact cells are able
to take up and bind fluorescent dyes.

Metabolic pathways can be stoichiometrically related through
the adenine nucleotide system (9), and thus intracellular ATP
was used as a measure of C. albicans cell metabolic potential
and was shown to decrease in a dose-dependent manner with
increasing AmB concentration (Fig. 1B). The lowest concen-

FIG. 2. Evaluation of incubation of C. albicans 96-90 with AmB at 10 h. Evaluation using vitality-specific fluorescent staining [DiOC6(3) and CFDA] (A) and
mortality-specific fluorescent staining [DiBAC4(3) and SYBR Green I] (B) are shown. t0 represents a measurement of the C. albicans culture prior to incubation with
AmB. Error bars indicate standard error.
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tration of AmB that was inhibitory to replication and caused a
decrease in intracellular ATP content was 0.5 mg/ml, which
corresponded to both the predetermined MIC and the mini-
mum concentration of AmB which showed a dose-dependent
decrease in fluorescent staining with the vitality-specific dyes
CFDA and DiOC6(3) (Fig. 2A).

CFDA is a lipophilic, nonpolar substrate which traverses the
cell membrane and is hydrolyzed by nonspecific intracellular
esterases to the fluorescent anion carboxyfluorescein (27).

Cells with compromised membranes rapidly leak carboxyfluo-
rescein, even when residual esterase activity is retained intra-
cellularly (15). DiOC6(3) is a lipophilic, cationic dye molecule
that has an affinity for the negatively polarized membranes
of living cells (20, 26). AmB concentrations between 0 and
0.5 mg/ml reduced the vitality of C. albicans cultures as defined
by esterase activity and membrane integrity (CFDA), electro-
chemical potential [DiOC6(3)], and metabolic potential (ATP).

The AmB time-kill curves showed inhibition of replication

FIG. 3. Time-kill curves for C. albicans 96-90 incubated with AmB at 1.5, 4.5, and 10 h, as evaluated by mortality-specific staining. t0 represents a measurement of
the C. albicans culture prior to incubation with AmB. Error bars indicate standard error.
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competency (CFU per milliliter) with increasing concentra-
tions of AmB between 0.5 and 4.0 mg/ml (Fig. 1A). Both of
the fluorescent mortality-specific dyes, SYBR Green I and
DiBAC4(3), showed increases in fluorescence for cultures ex-
posed to increasing concentrations of AmB, reaching a maxi-
mum fluorescence at 4.0 mg of AmB per ml.

We observed several significant differences between the mor-
tality-specific staining of SYBR Green I and that of DiBAC4(3).
SYBR Green I is a nucleic acid-binding dye which increases in
fluorescence after intercalation into double-stranded DNA.
Intact membranes thus exclude the dye and prevent binding to
the DNA, and we assume that significant damage to the cell
membrane must take place to allow access. SYBR Green I did
not bind to DNA significantly until cultures were exposed to
concentrations of AmB above 2.0 mg/ml for a full 10 h (Fig.
3A). Above this concentration, cells also plateaued to a mini-
mum intracellular ATP concentration, which may also indicate
extensive damage to the cell membrane. A concentration of
2 mg of AmB per ml may represent the threshold required to
induce sufficient membrane damage to saturate the cellular
repair mechanism. At incubation times of 1.5 and 4.5 h, even
concentrations of AmB above 2.0 mg/ml did not result in sig-
nificant uptake of SYBR Green I.

DiBAC4(3) (Fig. 3B) is an anionic lipophilic dye sensitive to
membrane potential. Normal cells have a negative internal
charge and thus exclude the dye. Damaged cells depolarize,
allowing the dye to penetrate, bind to lipid-rich intracellular
components, and fluoresce (3). The loss of membrane poten-
tial is thus inferred from increased DiBAC4(3) cellular staining
(8, 10). Similar to the results obtained with SYBR Green I, the
cultures exposed to AmB for 1.5 h showed increasing dose-
responsive staining only with AmB concentrations above 2.0

mg/ml. However, incubations of 4.5 and 10 h with AmB con-
centrations between 0.5 and 4.0 mg/ml resulted in dose-depen-
dent increases in fluorescence. Thus, replication-incompetent
cells that do not take up mortality-specific dyes can be induced
to take them up with increased concentrations of AmB, in-
creased incubation time, or a combination of the two. DiBAC4(3)
detection of this transition requires at least 1 mg of AmB per
ml for 4.5 h, and SYBR Green I detection requires at least
2 mg/ml for 10 h. It is reasonable to assume that while both of
these populations are incapable of replication, they represent
physiological states which are part of a viability continuum
between alive and dead.

We have delineated four physiologic states as expressed by
six different markers of viability after exposure of C. albicans to
increasing concentrations of AmB (Table 1 and Fig. 4). These
represent a progression along the continuum from viability to
death. Cells exposed to AmB at concentrations between 0.5
and 1.0 mg/ml do not show uptake of vitality- or mortality-
specific dyes and are replication incompetent but may repre-
sent cells capable of resuscitation. The possibility of resuscita-
tion and outgrowth of these replication-deficient C. albicans
cells in a systemic infection could represent an important ther-
apeutic problem, especially in an immunocompromised host.
Postantifungal growth suppression with subsequent recovery of
C. albicans has been shown previously with AmB at these
concentrations and incubation times and may in part explain
this phenomenon (29). Gale et al. (12) have also shown that
C. albicans cultures entering the stationary phase of growth
develop phenotypic resistance to AmB due to ultrastructural
changes in the cell wall. Possible resuscitation or phenotypic
resistance of these replication-incompetent cells, which do not

FIG. 4. Time-kill curves for C. albicans 96-90 incubated with AmB at 10 h, as evaluated by replication competency and mortality-specific staining. Error bars indicate
standard error.
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show uptake with either vitality- or mortality-specific dyes, has
not yet been determined.

With clinical use, peak serum concentrations of AmB with
conventional intravenous doses are initially between 0.5 to 2.0
mg/ml, fall rapidly, and then slowly reach a plateau between 0.2
and 0.5 mg/ml (5). It is interesting that C. albicans exposed to
this concentration range was shown to retain viability, and this
may help explain the need for prolonged treatment and fre-
quent clinical failure with this drug.

Cultures exposed to AmB concentrations between 0.2 and
0.3 mg/ml for 10 h permitted suboptimal growth to occur (Fig.
1C), and an increase in mortality-specific dye fluorescence was
observed (Fig. 3). This peak in fluorescence may be the result
of an increase in the number of nonviable cells present in
stationary phase at 10 h, which accompanies the increase in
total cell number from t0. Alternatively, the cytoplasmic mem-
brane and/or cell wall of C. albicans synthesized during subop-
timal growth in the presence of AmB concentrations between
0.2 and 0.3 mg/ml may have increased permeability and allowed
access of the mortality-specific dye (17). Anomalous findings
have been previously reported with C. albicans exposed to low,
sublethal AmB concentrations, including increased CFU (7),
reduced adherence and germ tube formation (23), and reduced
synthesis of surface mannan (1).

It has been suggested that in cell populations under stress,
an equilibrium exists whereby small disturbances are tolerated
but extreme stress reduces vitality (19). This may result in a
physiologic state where true viability is retained but normal
cellular functions, such as replication or the maintenance of
membrane potential, are reduced (19).

Increasing exposure of C. albicans cells for 10 h to AmB
concentrations up to 0.5 mg/ml results in greatly decreased
uptake of vitality-specific dyes, decreased concentrations of
intracellular ATP, and greatly reduced replication. The re-
maining cells show gradually decreasing membrane potential
with AmB concentrations above 1.0 mg/ml and decreased
membrane integrity at concentrations above 2.0 mg/ml. Above
4.0 mg/ml, increasing AmB concentration or incubation time
did not result in further decreases in membrane potential or
membrane integrity.

Comparison of the time-kill curve to the fluorescent dye
data of the AmB-exposed C. albicans cells allowed for a sep-
arate assessment of replication competency, vitality, and mor-
tality. Using these indicators, we were able to describe four
different response categories of C. albicans to AmB, which rep-
resented a progressive spectrum of AmB-induced cell damage
(Table 1). This demonstrates that the processes taking place

during the exposure of C. albicans to AmB occur gradually and
that the failure of replication is only one measurement of the
process, which may lead to cell death. The work described here
provides evidence for the utility and potential clinical impor-
tance of evaluating mortality and vitality separately to develop
an overall understanding of true viability. We believe that these
findings indicate that further investigation of the physiological
changes of C. albicans in response to AmB exposure is war-
ranted.
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