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Objectives: The antifungal drug susceptibilities of 351 isolates of Candida species, obtained through
active laboratory-based surveillance in the period January 2002–December 2003, were determined
(Candida albicans 51%, Candida parapsilosis 23%, Candida tropicalis 10%, Candida glabrata 9%,
Candida krusei 4%).

Methods: The MICs of amphotericin B, flucytosine, fluconazole, itraconazole, voriconazole and
caspofungin were established by means of the broth microdilution reference procedure of the
European Committee on Antibiotic Susceptibility Testing.

Results and conclusions: Amphotericin B and flucytosine were active in vitro against all strains. A total
of 24 isolates (6.8%) showed decreased susceptibility to fluconazole (MIC >_ 16 mg/L) and 43 (12.3%)
showed decreased susceptibility to itraconazole (MIC >_ 0.25 mg/L). Voriconazole and caspofungin were
active in vitro against the majority of isolates, even those that were resistant to fluconazole.

Keywords: fluconazole resistance, caspofungin, voriconazole, EUCAST

Introduction

Candida species now rank as one of the most common causes
of hospital-acquired bloodstream infections (BSI).1 Although
Candida albicans remains the most frequent cause of Candida
BSI, longitudinal surveillance programmes in the USA and
Europe have detected an increase in the prevalence of BSI

caused by Candida species other than Candida albicans, such as
Candida glabrata, Candida krusei and Candida parapsilosis.2 – 6

Moreover, it appears that marked differences exist in species
distributions and antifungal drug susceptibilities between differ-
ent countries, underscoring the need for continued surveillance,
to monitor trends in pathogen distribution and drug suscepti-
bilities.3,7,8
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Over the last decade, treatment of Candida BSI has been
enhanced by the introduction of fluconazole. Because of its
extensive usage in many countries, concern has arisen about the
possible development of fluconazole resistance. This has been
documented among Candida species isolated from human
immunodeficiency virus-infected persons with recurrent oro-
pharyngeal candidiasis,9 but it appears to be uncommon among
North American and European bloodstream isolates.3,8,10 – 13 Of
several new triazole and echinocandin agents, voriconazole and
caspofungin appear to be highly active against all Candida
species, including those that are less susceptible or resistant to
fluconazole and/or itraconazole.8,14 – 16 To date, however, few pro-
spective surveillance studies of the activity of these agents
against Candida bloodstream isolates have been reported.

During 2002–2003, we conducted prospective population-
based surveillance for Candida BSI in Barcelona, Spain, to
determine the distribution of species involved in these infections
and the proportion of antifungal drug resistance among the
isolates. This report describes the antifungal drug susceptibility
profiles of these isolates to various antifungal agents including
voriconazole and caspofungin.

Materials and methods

Isolates

A total of 351 incident bloodstream isolates of Candida species
were obtained as part of a population-based active surveillance pro-
gramme conducted in Barcelona and the greater Barcelona area in
the period 1 January 2002–31 December 2003. These organisms
had been recovered from 345 cases; in six cases, two different
Candida species were identified. In 16 cases, a second isolate was
recovered after antifungal therapy was started and in four cases, a
third consecutive isolate was obtained. In each case, the time inter-
val between the serial isolates was at least 5 days.

Species identification was performed at the participating labora-
tories and confirmed by the Mycology Reference Laboratory,
National Center for Microbiology, Madrid, Spain, using standard
morphological and physiological methods, including fermentation of
and growth on carbon sources, growth on nitrogen sources and
growth at various temperatures.17 C. parapsilosis ATCC 22019 and
C. krusei ATCC 6258 were used as quality control organisms for
antifungal drug susceptibility testing.

Antifungal drugs

Standard powders of amphotericin B (Sigma Aldrich Quimica S.A.,
Madrid, Spain), flucytosine (Sigma Aldrich Quimica S.A.), fluco-
nazole (Pfizer S.A., Madrid, Spain), itraconazole (Janssen S.A.,
Madrid, Spain), voriconazole (Pfizer S.A.) and caspofungin (Merck
& Co., Inc., Rahway, NJ, USA) were used. The final concentrations
were in the range 16–0.03 mg/L for amphotericin B and caspo-
fungin, 64–0.12 mg/L for flucytosine and fluconazole and
8–0.015 mg/L for itraconazole and voriconazole.

Broth microdilution susceptibility testing method

The MICs of amphotericin B, flucytosine, fluconazole, itraconazole,
voriconazole and caspofungin were determined by the reference
procedure proposed by the Antifungal Susceptibility Testing Sub-
committee of the European Committee on Antibiotic Susceptibility
Testing for testing fermentative yeasts (AFST-EUCAST, discussion
document 7.1).18 These recommendations are based on the NationalT
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Committee for Clinical Laboratory Standards (NCCLS) reference

procedure described in document M27-A2,19 but include some modi-

fications to allow for automation of the method and to permit the

incubation period to be shortened from 48 to 24 h.20 Briefly, testing

was performed with RPMI 1640 medium supplemented with 2%

glucose; an inoculum size of 105 cfu/mL was used, as were flat-

bottom microdilution plates. MIC endpoints were determined

spectrophotometrically at 24 and 48 h. For amphotericin B, the MIC

endpoint was defined as the lowest drug concentration that resulted

in a reduction in growth of 90% or more, compared with that of a

drug-free growth control well. For flucytosine and azoles, the MIC

endpoint was defined as a 50% reduction in optical density. For

caspofungin, the endpoint was defined according to reports recently

published (50% or greater inhibition relative to the control), which

analysed influences of methodological variables on susceptibility

testing of caspofungin against Candida species.21,22

Analysis of results

Interpretive breakpoints proposed by the NCCLS for flucytosine,

fluconazole and itraconazole were used.19 Isolates were classified as

susceptible or as showing decreased susceptibility. The latter cat-

egory included the susceptible dose-dependent (SDD), intermediate

and resistant categories of the NCCLS. An analysis of the SDD or

intermediate and resistant isolates conducted separately showed no

statistically significant differences.
The significance of the differences in MICs was determined by

Student’s t-test (unpaired, unequal variance). In order to approxi-

mate a normal distribution, the MICs were transformed to log2

values to establish susceptibility differences between species. A

P value of <0.01 was considered significant. Both on-scale and off-

scale results were included in the analysis. The off-scale MIC values

were converted to the next concentration up. Statistical analysis was

performed with Statistical Package for the Social Sciences (SPSS,

version 12.0) (SPSS S.L., Madrid, Spain).

Results

Table 1 summarizes the species distribution and in vitro suscepti-
bilities of the 351 incident bloodstream isolates of Candida
species to amphotericin B, flucytosine, fluconazole, itraconazole,
voriconazole and caspofungin. The results are reported as MIC
ranges, geometric mean (GM) MIC values and the MICs at which
90% of the isolates were inhibited (MIC90s). C. albicans was the
most common isolate (51%), followed by C. parapsilosis (23%),
C. tropicalis (10%), C. glabrata (9%) and C. krusei (4%).

Amphotericin B MICs were in the range 0.03–0.5 mg/L, with
isolates of C. krusei demonstrating the highest GM MIC and
MIC90 values (0.3 and 0.5 mg/L, respectively). Flucytosine
MICs were in the range 0.125–4 mg/L, with isolates of C. krusei
again showing the highest GM and MIC90 values (2.43 and
4 mg/L, respectively). With regard to the three azole agents,
fluconazole, itraconazole and voriconazole showed good activity
against the majority of isolates, with GM MICs of 0.39, 0.03
and 0.02 mg/L, respectively. Caspofungin MICs were in the
range 0.015–16 mg/L. Overall, a caspofungin MIC of >_1 mg/L
was demonstrated for 19 isolates (5.4%).

A total of 24 isolates (6.8%) showed decreased susceptibility
to fluconazole (MIC >_ 16 mg/L) (Table 2). Six isolates were
classified as resistant to this compound (MIC >_ 64 mg/L) and 18
were SDD (MIC, 16–32 mg/L). Although 25 of 31 incident
C. glabrata isolates were classified as fluconazole-susceptible,
MICs of 4–8 mg/L were demonstrated for these isolates. Over-
all, itraconazole MICs of >_0.25 mg/L were demonstrated for 43
of 351 isolates (12.3%); 34 were classified as SDD (MIC 0.25–
0.5 mg/L) and nine as resistant (MIC >_ 1 mg/L). Notably, most
of the isolates for which fluconazole MICs were >_16 mg/L
showed decreased susceptibility to itraconazole (P < 0.01). Inter-
pretative breakpoints for susceptibility testing of voriconazole
have not been established, but voriconazole MICs of >_1 mg/L
were demonstrated for only three isolates (0.85%) (one each of
Candida tropicalis, C. glabrata and C. krusei).

A total of 20 serial isolates were obtained from 16 cases of
Candida BSI: seven cases were due to C. albicans, six to
C. parapsilosis, two to C. tropicalis and one to C. krusei. Most
of these patients were treated with fluconazole for several
weeks, but the MICs of fluconazole for the first and successive
isolates were comparable. No significant differences in suscepti-
bility were demonstrated for any of the antifungal agents tested
between the initial and subsequent isolates (P > 0.01).

Discussion

This report provides the first population-based description of the
species distribution and in vitro drug susceptibilities of blood-
stream isolates of Candida species from Spain. It provides more
representative information than previous reports, which were
based only on selected hospitals or particular groups of hospital-
ized patients. Our findings indicate that the distribution of
Candida species causing BSI in Spain is similar to that docu-
mented in recent reports from several other European countries.

Table 2. In vitro susceptibilities to other antifungal agents of Candida bloodstream isolates with decreased

susceptibility to fluconazole (MIC >_ 16 mg/L)

Species n/%a Amphotericin B Flucytosine Itraconazole Voriconazole Caspofungin

C. parapsilosis 1/1.2% 0.25 1 0.06 0.5 0.5
C. tropicalis 1/2.8% 0.5 0.25 8 8 0.03
C. glabrata 6/19.4% 0.06–0.125 0.12–0.25 0.5–2 0.5–2 0.06–0.25
C. krusei 14/100% 0.25–0.5 2–4 0.125–0.25 0.25–1 0.5–2
Others 2/18.2% 0.06–0.25 1 0.125–0.25 0.01–0.25 0.125
Total 24/6.8% 0.06–0.5 0.125–4 0.06–8 0.01–8 0.03–2

Table displays ranges of MICs in mg/L.
aNumber of isolates and percentage of cases per species.
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C. albicans was the predominant organism, accounting for 51%
of isolates, followed by C. parapsilosis (23%), C. tropicalis
(10%), C. glabrata (9%) and C. krusei (4%). Although several
previous reports from Spain have indicated that almost 40% of
cases of Candida BSI were due to C. parapsilosis,23 – 27 the lower
proportion reported here (23%) is more consistent with recently
reported rates of 15%–16% from France and Italy.28,29 It is,
however, higher than the rates of 1%–10% reported for
C. parapsilosis from England and Wales, Finland, Iceland and
Switzerland.12,30 – 32 These differences in rates might be attribu-
table to differences in the representativeness of the populations
studied, but variations in healthcare practices could also be an
important factor. It has been suggested that the higher preva-
lence of C. parapsilosis in some institutions might be related to
poor catheter care or infection control practices, but ecological
and climatological factors could also be involved.26,33

In this study, C. glabrata and C. krusei accounted for 9% and
4%, respectively, of bloodstream isolates. C. glabrata, a species
that easily acquires azole drug resistance, is represented in Euro-
pean surveillance data of the 1990s at proportions in the range
9%–16%, depending on the geographic location.12,28 – 32 The low
proportion of Candida BSI due to C. krusei, a species that
is intrinsically resistant to fluconazole, is also consistent
with reports from other European countries12,28 – 31 and the
USA.10,11,34,35

Our findings confirm the negligible proportions of fluconazole
resistance among C. albicans bloodstream isolates that have
been reported elsewhere.8,10 – 13,30,36 Our susceptibility results for
Candida species other than C. albicans are also consistent with
those of other studies8,10 – 13,30,36 in showing a low level of flucona-
zole resistance among C. tropicalis and C. parapsilosis, and the
expected high level of resistance in C. krusei. A total of 43 iso-
lates (12.3%) demonstrated decreased susceptibility to itracona-
zole (MIC > 0.25 mg/L), a similar proportion to that reported
elsewhere.8,23,36 Of these less-susceptible strains, 28 were ident-
ified as C. glabrata, eight as C. krusei and two as C. tropicalis.

In a population-based surveillance programme in the USA,
conducted during 1998–2000, Hajjeh et al.11 documented
amphotericin B Etest MICs in the range 0.002–12 mg/L, with
MICs of >_0.38 mg/L for 10% of isolates, >_1 mg/L for 1.7% and
>_2 mg/L for 0.4%. In this study, we documented amphotericin B
MICs in the range 0.03–0.5 mg/L, with MICs of >0.25 mg/L for
10% of isolates. These results are consistent with those of
reports from other European countries.12,30 The decreased suscep-
tibility of C. krusei to amphotericin B (MIC90, 0.5 mg/L) is con-
sistent with previous reports for this organism.11,34,35

Pfaller et al.37 reported the in vitro activities of flucytosine
against > 8000 incident isolates of Candida spp. obtained from
blood and other deep sites at more than 200 hospitals worldwide.
Only 3% of C. albicans and 1% of C. glabrata were resistant to
this agent in vitro (MIC >_ 32 mg/L). More recently, Hajjeh et al.11

reported that 4.3% of North American C. albicans bloodstream
isolates were resistant to flucytosine, compared with <1% of
C. parapsilosis and C. tropicalis isolates and no C. glabrata iso-
lates. In this study, we documented flucytosine MICs in the
range 0.125–4 mg/L, with MICs of >0.5 mg/L for 10% of iso-
lates. Again, our results are consistent with those of reports from
other European countries.12,30,38

Although no established interpretative breakpoints are avail-
able for the new triazole agents and echinocandins, both vorico-
nazole and caspofungin were active in vitro against the majority

of bloodstream isolates of Candida species tested in this study,
even those strains resistant to other agents. However, as has
been noted elsewhere,14 the activity of voriconazole was reduced
among isolates that showed decreased susceptibility to flucona-
zole and/or itraconazole. Our findings confirm those of Pfaller
et al.15 who tested 351 clinical isolates of Candida species resist-
ant to fluconazole against caspofungin and observed that 99%
were inhibited by caspofungin at an MIC of <_2 mg/L.

In conclusion, the results of this population-based surveillance
study indicate that the majority of strains causing Candida BSI
are still susceptible to fluconazole (93%) and itraconazole
(88%). Our results indicate that fluconazole is a reasonable
alternative for empirical treatment of candidaemia. However,
13% of cases were due to organisms that were either intrinsically
resistant to fluconazole (C. krusei) or possessed the ability to
develop fluconazole resistance rapidly (C. glabrata). Prompt
identification of isolates causing Candida BSI is important in
selecting the most appropriate antifungal therapy.
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