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Multilocus enzyme electrophoresis and in vitro susceptibility testing with a broth microdilution method were
used to analyze Candida albicans strain diversity in four AIDS patients with recurrent oropharyngeal candi-
diasis who successively developed clinical resistance to fluconazole (FCZ) and itraconazole (ITZ). One to ten
colonies per sample were randomly chosen from oral washings collected before the initial FCZ treatment and
just before every other antifungal treatment; a total of 98 isolates were analyzed. Multilocus enzyme electro-
phoresis analysis revealed 14 different electrophoretic types (ETs). Statistical analysis of genetic distances
showed that C. albicans isolates clustered into five subpopulations (I to V). In each subpopulation, isolates are
closely related, and genetic distances between subpopulations I to IV are short. In contrast, subpopulation V,
which contained isolates typed as ET8 and ET14, is strongly divergent from the others; these isolates may
represent atypical C. albicans isolates. Only one patient was infected with a single strain during the course of
azole therapy; for the three remaining patients, variants of the same strain and different strains were
concurrently isolated. Clinical FCZ resistance was clearly correlated with in vitro data for three patients.
Moreover, MICs of ITZ increased during FCZ therapy, and MICs of ITZ which were =1.56 pg/ml were found
when clinical ITZ resistance occurred; isolates from subpopulation V showed the highest MICs of ITZ. Because
of the emergence of clinical ITZ resistance after clinical FCZ resistance, the feasibility of long-term azole

therapy for mucosal candidiasis in AIDS patients is questioned.

Oropharyngeal candidiasis (OPC) caused by Candida albi-
cans is one of the most common opportunistic infections in
human immunodeficiency virus type 1-positive patients and is
predictive of the development of AIDS (13). Fluconazole
(FCZ) has been shown to be effective in the treatment of OPC
(7), and the development of recurrent episodes has extended
its use during prolonged periods. In the last few years an
increasing number of patients with clinical resistance to FCZ
were described (2, 8). It was also demonstrated that clinical
FCZ resistance may be correlated with in vitro resistance (4,
22, 29).

Recently, biological molecular techniques have been used to
study the epidemiology of C. albicans infection in AIDS pa-
tients (3, 5, 10, 16, 17, 21, 26). Firstly, it was demonstrated that
recurrent episodes of OPC could be caused by the same strain
during azole therapy (3, 16, 21, 26). However, some investiga-
tors have found that AIDS patients could be infected with
different strains during successive episodes of OPC (3, 17).
Moreover, Pfaller et al. (17) introduced the possibility that
these patients could be infected with more than one strain at a
given time.

In this study, by using multilocus enzyme electrophoresis
(MLEE), which has proven to be a powerful marker system for
epidemiological investigations (5, 15, 20), and in vitro suscep-
tibility testing, we have investigated C. albicans strain diversity
in four AIDS patients with recurrent OPC who successively
developed a clinical resistance to FCZ and itraconazole (ITZ).
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MATERIALS AND METHODS

Patients. Four human immunodeficiency virus type 1-positive adults attending
the AIDS Unit at the University Hospital of Montpellier, France, between
September 1990 and August 1993 were investigated. They were monitored for
periods ranging from 8 months (patients 2 and 3) to 33 months (patients 1 and
4). The four patients fulfilled the 1987 Centers for Disease Control and Preven-
tion criteria for AIDS. After a clinical cure of a first episode of OPC with FCZ
(50 mg daily), all patients received a long-term prophylaxis in continuous use
with 50 mg daily of FCZ. The occurrence of clinical relapses required higher
dosages of FCZ—up to 400 mg daily. Clinical resistance, defined by the persis-
tence of signs and symptoms of severe OPC despite this dosage for at least 14
days, was observed. A treatment with ITZ solution (100 mg twice daily) was then
started. The patients were initially cured, but signs and symptoms of OPC
progressively reappeared despite increasing dosages of ITZ—up to 400 mg daily
(patients 1, 3, and 4) and 600 mg daily (patient 2).

Isolates. Oral washings obtained with 10 ml of sterile water were collected
before the initial FCZ treatment (patients 1 and 4) and just before every other
antifungal treatment (Fig. 1); they were plated onto Albicans ID agar plates
(bioMérieux, Marcy I’Etoile, France), and the plates were incubated for 48 h at
28°C. Colonies were counted after 48 h, and 1 to 10 colonies of presumed C.
albicans were randomly chosen (Fig. 1). The ability to produce chlamydospores
was tested on Rice Agar Tween (RAT) medium (bioMérieux), and germ tube
formation, following growth in a medium for blastesis (Sanofi Diagnostics Pas-
teur, Marnes la Coquette, France), was studied. Isolates were identified on the
basis of chlamydospore production and germ tube formation and by using the ID
32C and the API 20C AUX identification systems (bioMérieux). A total of 98 C.
albicans isolates were studied.

Antifungal susceptibility testing. Antifungal susceptibility to FCZ and ITZ of
C. albicans isolates was performed with a broth microdilution method derived
from the technique of Annaissie et al. (1). RPMI medium with L-glutamine and
lacking sodium bicarbonate (Sigma Chemical Co., St. Louis, Mo.) was used;
powder was dissolved in 1 liter of deionized water, and medium was buffered with
morpholinepropanesulfonic acid (MOPS) (34.53 g of MOPS per 1,000 ml of
water; Sigma Chemical Co.). Medium was titrated with 10 N sodium hydroxide
to reach a final pH of 7.3 and then filter sterilized (pore size, 0.2 wm) and stored
at 4°C.

Stock solutions of FCZ (Pfizer Central Research, Sandwich, United Kingdom)
and ITZ (Janssen Pharmaceutica, Beerse, Belgium) were prepared from re-
agent-grade powders by the use of deionized water as a solvent for FCZ and
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Samples 1(1) 2(1) 31 4(9) 5(10)
Patient 1 I ¢ T ‘ T 1
Weeks 0O 50 100 130
FCZ 50 FCZ 100 FCZ 400 ITZ ITZ
200 400
Samples 1(10) 2(10) 3(10) 4(10)
Patient 2 + ‘ T T ¢ T +
Weeks 0 10 20 30 34
FCZ 400 ITZ 200 ITZ 400 ITZ 600
Samples 1(10) 2(2) 3(10)
Patient 3 $| T ‘ T T +
Weeks 0 10 20 30 34
FCZ 400 ITZ ITZ 400 ITZ 600
200
Samples  1(1) 2(4) 3(10)
Patient 4 T T T 1
Weeks 0 50 100 136
FCZ 50 FCZ 100 FCZ FCZ ITZ ITZ

200 400 200 400

FIG. 1. Sampling procedure and therapeutic course. Above each vertical
arrow is the sample number, with the number of colonies randomly chosen in
parentheses. FCZ 50, fluconazole at the dosage of 50 mg daily.

100% dimethyl sulfoxide as a solvent for ITZ; initial stock concentrations were
1 mg/ml. The drugs were diluted 10-fold in RPMI medium to provide a working
solution for each drug of 100 wg/ml; a second working solution of ITZ (3.12
png/ml) was prepared.

Broth microdilution susceptibility testing in 96-well microtiter trays was per-
formed as follows. Microtiter plates were inoculated with 150 wl of RPMI
medium. Then, 10 twofold serial dilutions were made, and concentrations ranged
from 50 to 0.097 pg/ml for FCZ and 50 to 0.097 and 1.56 to 0.003 pg/ml for ITZ.
Isolates were subcultured for 48 h at 28°C and picked on Sabouraud agar slants
for 18 h before use. Microtiter plates were inoculated with 10 ul of a yeast
inoculum of 5 X 10° CFU/ml, and then 20 ul of 2% formaldehyde solution was
dispensed into column 1, which served as a blank control for the spectrophoto-
metric assay. Drug-free medium in column 12 served as the growth control. All
isolates were tested in duplicate in each plate, and each experiment was repeated
one time. Plates were incubated at 28°C for 48 h. Spectrophotometric readings
were performed with a UVmax kinetic microplate reader (Molecular Devices) at
490 nm after 5 min of agitation. The MIC end point was defined as the first drug
concentration at which turbidity in the well was more than 50% less than that in
the growth control well (MICs,). Controls were used to provide reproducibility
of the method with two C. albicans reference strains, ATCC 90028 and NCPF
3726.

MLEE and data analysis. Isolation of cytosolic extract, starch gel electro-
phoresis, and enzymatic assays were performed by following the protocols de-
scribed elsewhere (19). The 11 enzymes assayed were as follows: alcohol dehy-
drogenase (Adh; EC 1.1.1.1), sorbitol dehydrogenase (Sdh; EC 1.1.1.14),
fructokinase (Fk; EC 2.7.1.4), hexokinase (Hk; EC 2.7.1.1), aspartate amino-
transferase (Aat; EC 2.6.1.1), leucine aminopeptidase (Lap; EC 3.4.11.1), pep-
tidase 1 (Pepl; EC 3.4.13.18, substrate Val-Leu), peptidase 3 (Pep3; EC 3.4.13.9,
substrate Phe-Pro), fumarase (Fum; EC4.2.1.2), mannose-6-phosphate isomer-
ase (Mpi; EC 5.3.1.8), and glucose-6-phosphate isomerase (Gpi; EC 5.3.1.9). Hk
enzymatic activity was expressed by two loci (Hk1 and Hk2): thus, data obtained
from 11 enzymatic activities corresponded to 12 genetic loci.

Electromorphs of each enzyme, numbered in order of increasing anodal mo-
bility, were equated with alleles at the corresponding structural gene locus. Each
isolate was characterized by its combination of alleles at the 12 genetic loci, and
distinctive allele combinations were designated electrophoretic types (ETs). Al-
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lelic frequencies were used to compute genetic distances between each pair of
taxa (9, 12, 28). Furthermore, as the distribution of their estimate fits the normal
distribution, we have statistically tested the significance of distances between
pairs of taxa. The dendrogram was derived from the distance matrices by using
the UPGMA (unweighted pair-group method with arithmetic averages) algo-
rithm, and this information was processed by using a software package called
RESTSITE version 1.1 (15a).

RESULTS

Antifungal susceptibilities of C. albicans isolates. Antifungal
susceptibilities of the reference strains ATCC 90028 and
NCPF 3726 were tested in each experiment and were found to
be reproducible over time. The FCZ MIC,, ranged from 0.78
to 1.56 pg/ml and from 25 to 50 pg/ml for these two strains,
respectively; the ITZ MICs, ranged from 0.024 to 0.048 pg/ml
and from 0.39 to 0.78 pg/ml, respectively. FCZ resistance was
defined as an MIC;, of =12.5 pg/ml. Antifungal susceptibili-
ties to FCZ and ITZ of C. albicans clinical isolates were de-
termined two times; the MIC;,s of FCZ and ITZ were the
same or differed by only 1 dilution (Tables 1 and 2).

Before the initial FCZ treatment, isolates from patients 1
and 4 were susceptible to FCZ and ITZ. For patients 2 and 3,
previously treated with FCZ, the isolates from the first sample
showed variable MICs of FCZ and ITZ. For patient 1, when
the FCZ dosage increased from 50 to 100 mg daily (sample 2),
the MICs of FCZ and ITZ increased to 3.12 and 0.39 wg/ml,
respectively; when the dosage was increased from 100 to 400
mg daily (sample 3), the isolate was resistant to FCZ and the
MIC of ITZ was 0.78 pg/ml.

When clinical resistance to FCZ occurred, one of nine iso-
lates from patient 1 and three of four isolates from patient 4
were susceptible to FCZ, while the remaining were intermedi-
ately susceptible (6.25 pwg/ml) or resistant to FCZ. At this time,
the MICs of ITZ ranged from 0.006 to 0.78 pg/ml.

During ITZ therapy, isolates from all patients were inter-
mediately susceptible (6.25 pg/ml) or resistant to FCZ. For
patient 2, when the dosages of ITZ were increased from 400 to
600 mg daily, the MICs of ITZ for all isolates ranged from
0.195 to 0.39 pg/ml. When clinical resistance to ITZ occurred,
6 of 10 isolates from patient 1, 1 of 10 isolates from patient 2,
4 of 10 isolates from patient 3, and 1 of 10 isolates from patient
4 showed MICs of ITZ that were =1.56 pg/ml.

MLEE analysis. Of the 98 isolates studied, all enzyme loci
were polymorphic for two (Sdh, Fum, Pepl, Aat, Lap, and
Adh), three (Hk1, Hk2, Mpi, and Gpi), or four (Fk and Pep3)
alleles. The isozyme pattern was compatible with that expected
for a diploid organism. Heterozygotes at the Fk, Hkl, Hk2,
Adh, Mpi, and Gpi loci showed two bands, suggesting mono-
meric proteins; two sorts of heterozygotes were observed at the
Fk, Hk1, Hk2 and Mpi loci. Among the homozygotes, two
alleles were observed at the Fum, Pepl, Aat, and Lap loci.
Three alleles were observed at the Sdh locus, and four were
observed at the Pep3 locus.

Of the 12 loci tested, 14 distinctive ETs were identified:
allelic makeups of each ET are presented in Table 3. Allelic
frequencies were used to compute genetic distances, which
were statistically tested (data not shown). These distances were
not statistically significant in each subpopulation: ET5, ETo6,
and ET7 (subpopulation I), ET1, ET2, ET4, and ET9 (sub-
population II), ET10, ET11, ET12, and ET13 (subpopulation
III), ET8 and ET14 (subpopulation V). In each subpopulation,
isolates differed from one another by only one or two genetic
loci. Genetic distances were significant between these four
subpopulations and between ET3 (subpopulation IV) and
these subpopulations; isolates from two subpopulations dif-
fered by three to four genetic loci. The greatest genetic dis-
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TABLE 1. Variation in ETs and in MICys of FCZ and ITZ for patients 1, 3, and 4¢

MICs (pg/ml)

Patient no. Sample no. Isolate no. ET
FCz ITZ
1 1 1454-1 ET1 0.39-0.195 0.012-0.012
2 1454-8 ET2 3.12-3.12 0.39-0.39
3 1454-9 ET2 50-25 0.78-0.78
4 1454-15A ET3 0.195-0.195 0.012-0.006
1454-15B ET2 >50-50 0.78-0.39
1454-15C ET2 50-25 0.78-0.39
1454-15D ET2 50-50 0.39-0.195
1454-15E ET2 25-25 0.78-0.39
1454-15F ET2 >50->50 0.78-0.39
1454-15G ET2 >50->50 0.78-0.195
1454-15SH ET2 >50->50 0.097-0.097
1454-151 ET2 50-25 0.78-0.39
5 1454-22A ET4 >50->50 0.78-0.39
1454-22B ET4 >50->50 0.78-0.78
1454-22C ET2 >50-50 1.56-1.56
1454-22D ET2 >50->50 1.56-1.56
1454-22E ET2 >50->50 1.56-1.56
1454-22F ET2 >50-50 0.78-0.78
1454-22G ET2 >50-50 0.78-0.39
1454-22H ET2 >50-50 1.56-1.56
1454-221 ET2 50-50 1.56-1.56
1454-22) ET2 50-25 1.56-1.56
3 1 2029-1A ET6 3.12-3.12 0.048-0.048
2029-1B ET6 3.12-1.56 0.048-0.048
2029-1C ET6 0.78-0.39 0.024-0.024
2029-1D ET6 3.12-1.56 0.097-0.097
2029-1E ETo6 0.195-0.195 0.048-0.048
2029-1F ET6 1.56-1.56 0.048-0.048
2029-1G ET6 6.25-3.12 0.048-0.048
2029-1H ET6 1.56-1.56 0.195-0.097
2029-11 ET6 6.25-3.12 0.048-0.048
2029-1J ETo6 3.12-3.12 0.048-0.024
2 2029-5A ET7 12.5-6.25 0.048-0.024
2029-5B ET7 50-25 0.195-0.097
3 2029-9A ET7 12.5-12.5 0.012-0.012
2029-9B ET7 6.25-3.12 0.195-0.097
2029-9C ET8 50-50 0.78-0.78
2029-9D ET7 6.25-3.12 0.195-0.195
2029-9E ET7 6.25-3.12 0.048-0.048
2029-9F ET7 25-12.5 0.097-0.097
2029-9G ET8 50-50 1.56-1.56
2029-9H ETS8 50-50 1.56-1.56
2029-91 ET8 50-25 1.56-1.56
2029-9J ETS8 50-25 3.12-3.12
4 1 1494-1A ET9 0.78-0.39 0.012-0.006
2 1494-12A ET10 3.12-3.12 0.048-0.048
1494-12B ET10 12.5-6.25 0.39-0.39
1494-12C ET10 3.12-1.56 0.195-0.097
1494-12D ET10 3.12-3.12 0.195-0.195
3 1494-16A ET12 50-25 0.78-0.78
1494-16B ET13 >50-50 0.39-0.39
1494-16C ET11 >50-50 0.78-0.39
1494-16D ET11 >50->50 0.78-0.78
1494-16E ET11 >50->50 0.39-0.39
1494-16F ET11 >50->50 0.39-0.39
1494-16G ET11 >50-50 0.39-0.39
1494-16H ET14 >50->50 6.25-3.12
1494-161 ET11 >50-50 0.39-0.39

¢ Sample number refers to the sampling procedure (Fig. 1). Isolate number corresponds to the registered number of the isolate in the laboratory.

tance was found between isolates from subpopulation V and The ET distribution for each patient is summarized in Ta-
the others; these isolates differed from the others by all genetic bles 1 and 2. Patient 2 was infected with a single strain (ETS5)
loci. The genetic relationships between the ETs are presented during the course of azole therapy, while patients 1, 3, and 4
in a dendrogram (Fig. 2). were infected with variants of the same strain and with differ-
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TABLE 2. Variation in MICsys of FCZ and ITZ for patient 2,
infected with a unique C. albicans strain”

MICs (ng/ml)

Sample no. Isolate no. ET
FCz 1TZ
1 2045-1A ETS 25-25 0.78-0.78
2045-1A ET5 25-25 0.78-0.78
2045-1C ET5 50-25 0.39-0.39
2045-1D ET5 25-25 0.78-0.39
2045-1E ETS5 50-25 0.78-0.39
2045-1F ET5 50-50 0.78-0.39
2045-1G ET5 50-25 0.39-0.39
2045-1H ET5 50-50 0.78-0.78
2045-11 ET5 50-25 0.78-0.39
2045-1J ETS5 50-50 0.78-0.39
2 2045-2A ET5 25-25 0.39-0.195
2045-2A ETS5 25-12.5 0.39-0.39
2045-2C ET5 25-12.5 0.39-0.195
2045-2D ETS5 50-25 0.39-0.195
2045-2E ET5 50-50 0.39-0.195
2045-2F ETS5 12.5-12.5 0.39-0.195
2045-2G ET5 50-25 0.39-0.195
2045-2H ET5 25-12.5 0.39-0.39
2045-21 ETS 12.5-12.5 0.39-0.195
2045-2] ET5 12.5-12.5 0.39-0.39
3 2045-11A ET5 50-25 0.39-0.39
2045-11B ET5 50-50 0.195-0.195
2045-11C ET5 6.25-6.25 0.39-0.195
2045-11D ET5 25-25 0.39-0.39
2045-11E ETS5 50-25 0.39-0.39
2045-11F ET5 12.5-6.25 0.39-0.195
2045-11G ET5 12.5-12.5 0.39-0.195
2045-11H ETS5 12.5-6.25 0.39-0.195
2045-111 ET5 6.25-6.25 0.39-0.39
2045-11J ET5 6.25-6.25 0.39-0.39
4 2045-13A ETS5 50-50 0.78-0.39
2045-13B ET5 50-50 0.78-0.39
2045-13C ET5 25-12.5 0.39-0.39
2045-13D ETS >50->50 1.56-1.56
2045-13E ET5 6.25-6.25 0.39-0.39
2045-13F ETS5 >50-50 0.78-0.78
2045-13G ET5 6.25-6.25 0.39-0.39
2045-13H ET5 >50->50 0.78-0.78
2045-131 ETS >50->50 0.78-0.78
2045-13] ET5 50-50 0.39-0.195

¢ Sample number refers to the sampling procedure (Fig. 1), and isolate num-
ber corresponds to the registered number of the isolate in the laboratory.

ent strains; these different strains were isolated before FCZ
therapy (patient 4, strain typed as ET9), when clinical resis-
tance to FCZ occurred (patient 1, strain typed as ET3), and
when clinical resistance to ITZ occurred (patient 3, strain
typed as ETS8, and patient 4, strain typed as ET14). No corre-
lation between the antifungal susceptibility and the ET for
isolates from subpopulations I to IV was found; in contrast, the
MICs of ITZ for isolates typed as ET8 and ET14 (subpopula-
tion V) were =1.56 pg/ml.

DISCUSSION

We analyzed C. albicans strain diversity in four human im-
munodeficiency virus type 1-positive patients with recurrent
OPC who successively developed a clinical resistance to FCZ
and ITZ. The MLEE analysis of the 98 isolates revealed 14
ETs, four for patient 1 (ET1 to ET4), one for patient 2 (ETS5),
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three for patient 3 (ET6 to ETS8), and six for patient 4 (ET9 to
ET14). MLEE provided a powerful typing system because it
allowed us to compute genetic distances which were statisti-
cally tested; moreover, a dendrogram was derived from the
distance matrices to represent the genetic relationships be-
tween the isolates. Our analysis of genetic distances allowed us
to cluster the 14 ETs into five subpopulations. In each sub-
population, genetic distances were not statistically significant;
indeed, ETs differed from one another by only one or two
genetic loci. So, isolates from one subpopulation represented
variants of the same strain. Common and frequent mechanisms
involved in the genetic diversity of Candida species could ex-
plain this genetic similarity; these include chromosomal rear-
rangements, chromosomal alterations, and complex and un-
known gene regulations. Recently, Rustchenko et al. (23, 24)
demonstrated that chromosomal alterations and chromosomal
rearrangements could be associated with phenotypic mutants;
they also introduced the possibility that these chromosomal
rearrangements may affect gene expression (23). Moreover,
tandemly repetitive sequences and telomeric and subtelomeric
sequences have been described previously (6, 25), and it has
been postulated that these sequences may be involved in chro-
mosome organization and rearrangements (25).

In contrast to this genetic similarity, genetic distances be-
tween the five subpopulations were statistically significant.
These distances between subpopulations I, II, III, and IV are
short; isolates from two subpopulations differed by three or
four genetic loci and represented two different strains. In con-
trast, isolates from subpopulation V differed from the others by
all genetic loci. Such different C. albicans isolates have already
been described (18, 27); the authors suggested that they rep-
resented atypical C. albicans strains. Moreover, Pujol et al. (18)
introduced the possibility that these atypical strains may be-
come more represented and selected in AIDS patients, who
could represent a favorable environment for their develop-
ment. In our study, these atypical strains were all isolated
during the last stage of human immunodeficiency virus infec-
tion and when clinical resistance to ITZ occurred. The state of

ET5

ETé6 I
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ET7

ET1

ET2

1 1I

ET4

4
ET9

er1¢*

eT11*

eT12* m

ET134 |
psl]| IV

ET8 3

ET14*

T T T T T 1
1 0.8 0.6 0.4 0.2 0

FIG. 2. Dendrogram of C. albicans strains derived from the distance matrices
by using the UPGMA algorithm. Superscript numbers 1 through 4, patient
numbers. I through V, subpopulation numbers.
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TABLE 3. Allelic makeup of the ETs

Allele at indicated enzyme locus®

Locus®
ET1 ET2 ET3 ET4 ETS ET6 ET7 ET8 ET9 ET10 ET11 ETI12 ET13 ET14

Sdh 2 2 2 2 2 2 2 0 2 2 2 2 2 1
Adh 1 1 1 1 1 1 1 2 1 1 1 1/2 12 2
Fk 1 1 1 1 172 1/2 172 3/4 2 2 2 2 2 3/4
Hk1 2/3 2/3 1 2/3 1 12 12 0 2/3 1/2 2 1/2 2 0
Hk2 2 2 2 2 1/2 1/2 172 2/3 2 2 2 2 2 2/3
Aat 2 2 2 2 2 2 2 1 2 2 2 2 2 2
Lap 2 2 2 2 2 2 2 1 2 2 2 2 2 2
Pepl 2 2 1 2 2 2 2 1 2 2 2 2 2 1
Pep3 1 1 2 2 2 1 1 4 1 3 3 3 3 4
Fum 2 2 2 2 2 2 2 1 2 2 2 2 2 1
Mpi 2 12 3 12 1 1 1 0 12 3 3 3 3 0
Gpi 1 1 1 1 1 12 1 3 1 1 1 1 1 3

“ Loci encode the enzymes as described in Materials and Methods.

b Zero indicates that no enzymatic activity was found at the locus. Heterozygotes having alleles x and y are noted x/y (e.g., 1/2).

immunosuppression, therapeutics, and, in particular, antifun-
gal treatments may account for the emergence of these strains
in AIDS patients.

In a previous study, Schmid et al. (26) used DNA finger-
printing with the probe Ca3 and found that isolates from AIDS
patients were more closely related than isolates from individ-
uals without AIDS; moreover, they found that sequential iso-
lates from the same patient were highly similar. Our results are
in agreement with the results of that study. Indeed, we found
that patient 2 was infected with the same strain during azole
therapy and that the three remaining patients were infected
with variants of the same strain. However, they were also
concurrently infected with different strains; these different
strains were isolated before FCZ therapy (patient 4) and when
clinical resistance to FCZ (patient 1) or to ITZ (patients 3 and
4) occurred. These strains may have been selected from a
mixed population or may have been acquired from an exoge-
nous source; although we studied more than one colony per
sample, this number is quite limited and did not allow us to
choose between these two hypotheses. Recently, Pfaller et al.
(17), by using pulsed-field gel electrophoresis, also described
AIDS patients with OPC who were infected with more than
one strain during the course of therapy.

We also analyzed the antifungal susceptibility of each isolate
with a broth microdilution method. In previous studies, it was
demonstrated that clinical FCZ resistance may be correlated
with in vitro resistance (3, 4, 22, 29). However, Pfaller et al.
(17) described AIDS patients with recurrent OPC who were
cured with FCZ dosages of up to 400 mg daily despite in vitro
FCZ resistance. In our study, we found that clinical resistance
to FCZ was correlated with in vitro data for three patients
(patients 1, 2, and 3). For the remaining patient, the isolates
were susceptible or intermediately susceptible to FCZ when
clinical resistance to FCZ occurred; but in contrast to the
results reported by Pfaller et al. (17), this patient was not cured
with FCZ dosages of up to 400 mg daily.

We also observed an increase in the MICs of ITZ during the
course of FCZ therapy: when C. albicans isolates were suscep-
tible to FCZ, the MICs of ITZ ranged from 0.006 to 0.097
pg/ml, whereas FCZ-resistant strains showed MICs of ITZ
ranging from 0.195 to 0.78 pg/ml. These results are in agree-
ment with the study of Laguna et al. (14), who reported that C.
albicans isolates resistant to FCZ showed increased MICs of
ITZ and ketoconazole (KTZ). It seems that FCZ therapy par-
tially selected less-susceptible isolates to I'TZ during FCZ ther-
apy. Several mechanisms have been postulated to explain azole

resistance; these include reduced azole membrane permeabil-
ity (11), mutation in the P-450-dependent 14 a-sterol demeth-
ylase (30), P-450 intracellular increased level (31), and reduced
sterol C5-6 saturase activity (32). This variety of mechanisms
and their combinations may account for the occurrence of
partial cross-resistance between FCZ and ITZ during FCZ
treatment.

Finally, we described C. albicans isolates with MICs of ITZ
which were =1.56 pg/ml when clinical resistance to ITZ oc-
curred; moreover, all C. albicans isolates from subpopulation
V showed the highest MICs of ITZ (1.56 to 6.25 pg/ml). Ac-
cording to our experience, it seems that clinical resistance to
ITZ is correlated with MICs of ITZ ranging from 0.78 to 1.56
pg/ml. Such high MICs of ITZ were never found during FCZ
therapy, and despite the absence of a consensus about the
breakpoint of ITZ susceptibility, we assume that C. albicans
isolates with MICs of ITZ =1.56 pg/ml may represent ITZ-
resistant isolates and that isolates with MICs of ITZ ranging
from 0.39 to 0.78 pg/ml may represent intermediately suscep-
tible isolates.

Our results underscore the great complexity of OPC caused
by C. albicans in AIDS patients. We found that recurrent
episodes of OPC may be caused by the same strain or by
variants of the same strain during the course of FCZ and ITZ
therapy; moreover, we found that different strains may be
isolated during azole therapy. We also demonstrated that (i)
clinical resistance to FCZ was correlated with MICs of FCZ of
=12.5 pg/ml, (ii) MICs of ITZ increased during FCZ therapy,
and (iii) isolates with MICs of ITZ of =1.56 ng/ml were iso-
lated when clinical resistance to ITZ occurred. Finally, we
found that two patients were infected with atypical C. albicans
isolates, all displaying the highest MICs of ITZ. Despite the
first clinical cures of OPC with ITZ after a clinical resistance to
FCZ and because of the emergence of clinical resistance to
ITZ, the feasibility of long-term azole therapy for mucosal
candidiasis in AIDS patients is questioned.
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