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The MICs of fluconazole for strains of Candida species and the levels of fluconazole in serum were
determined at day 0 and day 14 for 23 human immunodeficiency virus-infected patients with oral candidiasis
who were treated orally with 100 mg of fluconazole per day for 14 days. Among the 23 patients, 11 (48%) were
not clinically cured and had persistent isolation of Candida albicans (n5 10) and/or presence of non-C. albicans
(n 5 6). Clinical response could be predicted by the susceptibility of the strain to fluconazole determined at
day 0. All 12 patients who were cured were infected with a strain for which the MIC was <0.78 mg/liter. All four
patients who were infected with a strain for which the MIC was >3.12 mg/liter experienced clinical failure.
These data suggest that a C. albicans strain could be defined as being susceptible when the MIC of fluconazole
is <0.78 mg/liter and as being resistant when the MIC is >3.12 mg/liter.

Oropharyngeal candidiasis is the most frequent opportunis-
tic infection in patients infected with the human immunodefi-
ciency virus (HIV) and occurs in up to 95% of such patients
(8). Fluconazole is now commonly used to treat this compli-
cation because of its demonstrated efficacy and low rate of
toxicity (3, 9). Recently, the therapeutic failure of fluconazole
has been reported despite the use of increasingly large doses
(11). Clinical resistance has been related to the selection of
strains of Candida albicans that are less susceptible to flucon-
azole and to the emergence of naturally resistant Candida
species, such as C. kruzei and C. glabrata (2). Correlation of
clinical results with the MICs of antifungal agents is difficult
(13). Some studies have assessed in vitro susceptibility of the
Candida strains to antifungal agents and suggested their cor-
relation with clinical course (4, 15); one such study was de-
signed to prospectively establish this correlation (7). We con-
ducted a prospective study to further assess the relationship
between the mycological and pharmacological data and the
clinical response of oral candidiasis to fluconazole in HIV-
infected patients.
(This study was presented in part at the 2nd National Con-

ference on Human Retroviruses and Related Infections,
Washington, D.C., 1995.)
From December 1993 to April 1994, 28 HIV-infected pa-

tients with clinically symptomatic oral candidiasis, treated
orally with a single daily dose (100 mg) of fluconazole for 14
days, were prospectively studied. At the end of the 14-day
treatment, the patients were classified in three groups accord-
ing to the clinical response of oral candidiasis. The first group
included patients who were clinically cured, i.e., they had com-
plete resolution of oral lesions and related symptoms. For the
second group, improvement was defined as the partial resolu-
tion of symptoms and a decrease in the extent of oral lesions.
In the third group, failure was defined as persistence of oral

lesions and related symptoms. Strains of Candida species were
isolated and identified from oral specimens taken from each
patient at day 0 and day 14. The MIC of fluconazole was
determined by the broth macrodilution method, according to
National Committee for Clinical Laboratory Standards guide-
lines (10), at day 0 and day 14. Levels of fluconazole in serum
were measured by high-performance liquid chromatography at
day 14, just before and 2 h after oral administration of the daily
dose. Expected peak and trough levels were 15 and 6 mg/liter,
respectively.
Of the 28 consecutive patients included in the study, 5 were

lost to follow-up before the day 14 evaluation. The 23 evalu-
able patients were 20 men and 3 women, and the mean age was
38 years (range, 26 to 50). The mean CD4 count was 75 cells
per mm3 (range, 2 to 368). At the end of the treatment, 12
patients had been cured (52%), 4 had improved (17%), and 7
had failed (31%) (Table 1). The mean CD4 count was higher
in the group of patients who were cured (96 cells per mm3)
than in the two other groups (13.5 cells and 16 cells per mm3,
respectively). The mean number of previous fluconazole
courses was higher in each of the groups who were not cured,
i.e., 6.4 in the group that failed and 2.5 in the group that
improved compared with 1.3 in the group that was cured.
At day 0, C. albicans was isolated from the 23 patients, and

in 4 of 23 (17%) patients, illness was associated with a non-C.
albicans strain (Table 1). MICs of fluconazole ranged from 0.1
to 6.25 mg/liter for C. albicans strains. It was 0.1 mg/liter for
one C. parapsilosis strain and it was .6.25 mg/liter for three
non-C. albicans strains (one strain each of C. glabrata, C.
kruzei, and C. inconspicua). All 12 patients who were cured
were infected with a C. albicans strain for which the MIC was
,0.78 mg/liter. Among the four patients who experienced im-
provement, one patient was infected both with a C. albicans
strain, for which the MIC was 0.2 mg/liter, and with a C.
parapsilosis strain. The three other patients were infected with
a C. albicans strain for which the MIC was 3.12 mg/liter.
Among the 7 patients who failed, four were infected with a C.
albicans strain for which the MIC was 6.25 mg/liter (one pa-
tient was coinfected with a C. inconspicua strain), two were
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infected with a C. albicans strain for which the MIC was 1.56
mg/liter (one patient was coinfected with a C. glabrata strain),
and one was infected with a C. albicans strain for which the
MIC was 0.20 mg/liter (this patient was also coinfected with a
C. kruzei strain). Thus, the rate of cure was 86% for the pa-
tients infected with a C. albicans strain for which the MIC was
,0.78 mg/liter. This rate of cure was significantly higher than
that for patients infected with a C. albicans strain for which the
MIC was $0.78 mg/liter. The rate of failure was 100% for
patients infected with a C. albicans strain for which the MIC
was .3.12 mg/liter. For the patients who were infected with a
C. albicans strain for which the MIC was $1.56 but #3.12
mg/liter, the rate of failure was 40% (2 of 5) (Fig. 1). One of
the two patients infected with a C. albicans strain for which the
MIC was ,0.78 mg/liter and who were not cured was coin-
fected with a C. krusei strain for which the MIC was 100
mg/liter.
At the end of the 14-day treatment, C. albicans was isolated

from 11 of 23 (48%) patients. One of the patients was from the
group that was cured, and 10 of the patients were from the two
other groups. Concomitant colonization with six non-C. albi-
cans strains was observed in 5 of these 11 patients (45%). One
symptomatic patient was infected only with C. kruzei. The

MICs of fluconazole for these C. albicans strains were ,0.78
(n 5 2), 1.56 (n 5 1), 3.12 (n 5 5), and 6.25 mg/liter (n 5 3).
Thus, from day 0 to day 14, the number of C. albicans strains
for which the MIC was ,0.78 mg/liter had decreased from 14
to 2, while the number of C. albicans strains for which the MIC
was $0.78 mg/liter remained unchanged at 9. None of the
MICs for the C. albicans strains increased significantly between
day 0 and day 14.
Peak and trough levels of fluconazole in serum did not differ

according to the type of clinical response. These levels were,
respectively, 6.4 6 3.4 mg/liter (n 5 5) and 4.6 6 1.6 mg/liter
(n 5 6) for patients who were cured, 3.1 mg/liter (n 5 1) and
1.76 0.1 mg/liter (n5 2) for patients who improved, and 6.16
4.4 mg/liter (n 5 5) and 3.1 6 2.1 mg/liter (n 5 3) for patients
who failed.
C. albicans remains the major species responsible for oro-

pharyngeal candidiasis (6). The incidence of recurrence, in-
creasing with the progression of the underlying immunodefi-
ciency, contributes to weight loss, which is a significant
prognostic factor for HIV infection. The incomplete efficacy of
treatment regimens to eradicate oropharyngeal carriage has
led to the emergence of resistant strains and consequent clin-
ical failure. Several authors have retrospectively studied fac-
tors which could influence the emergence of resistance. Clin-
ical failure has been related to advanced HIV infection, to a
low CD4 count, and to the number of previous courses of
fluconazole (1, 14, 15). In fact, a single 14-day course of flu-
conazole favored both the persistence of C. albicans strains for
which the MICs were $1.56 mg/liter and the emergence of
non-C. albicans strains with reduced susceptibility to flucon-
azole, while C. albicans disappeared in almost all patients who
were cured. It did not appear in this study that a lower level of
fluconazole in serum was associated with a less favorable clin-
ical response, although overall drug levels in serum were lower
than expected. However, the number of patients for whom the
level of fluconazole in serum was determined was small and
may have been insufficient to detect such a relationship. This
study also provides additional data regarding the correlation
between in vitro antifungal susceptibility testing of the initial
strain and therapeutic outcome (4, 14, 15). The proportion of
patients in this study who were cured was significantly higher
when the MIC of fluconazole was ,0.78 mg/liter. Indeed, a
MIC of fluconazole of ,0.78 mg/liter had a prognostic signif-
icance for cure of 80%. These data lead us to propose suscep-
tibility breakpoints as follows: a strain can be considered sus-
ceptible when the MIC is ,0.78 mg/liter, intermediate when
the MIC is between 0.78 and 3.12 mg/liter, and resistant when
the MIC is .3.12 mg/liter. Another factor associated with
clinical failure, despite C. albicans susceptibility, is the emer-

FIG. 1. MICs (mg/liter) of fluconazole for the C. albicans strains isolated at
day 0, according to clinical evolution (cured, improved, or failed) after 14-day
course of fluconazole. Each point represents one patient with the corresponding
strain. Symbols indicate number of CD4 cells per mm3: å, .100; ■, $50 to
#100; F, ,50.

TABLE 1. MICs of fluconazole for Candida strains at day 0 according to clinical response after a 14-day course of fluconazole in 23 HIV-
infected patients with oral candidiasis

Clinical response Total no.
of strains

No. of patients infected with strains for which the MICs (mg/liter) were as follows:

0.1 0.2 0.39 0.78 1.56 3.12 6.25 .6.25

Cured (n 5 12)
C. albicans 12 5 4 3 0 0 0 0 0
Non-C. albicans 0

Improved (n 5 4)
C. albicans 4 0 1 0 0 0 3 0 0
Non-C. albicans 1 1

Failed (n 5 7)
C. albicans 7 0 1 0 0 2 0 4 0
Non-C. albicans 3 0 0 0 0 0 0 0 3
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gence of non-C. albicans strains which are naturally less sus-
ceptible to fluconazole (5, 11, 12). The increasing frequency of
colonization both with C. albicans strains with a reduced sus-
ceptibility to fluconazole and with non-C. albicans strains is
probably related to the widespread use of azoles for mainte-
nance therapy (5). Whether new strategies might help to min-
imize the development of resistant C. albicans, such as the use
of discontinued and alternative azole derivatives, should be
further investigated.
Meanwhile, for patients with CD4 counts lower than 50 cells

per mm3 or for cases of recurrent oral candidiasis treated with
fluconazole, determination of the MIC for the strain isolated
before treatment is begun could be recommended. It could
also be useful for epidemiological purposes and for assessment
of compliance.
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