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Abstract The aim of this study was to review fungal
bloodstream infections at a large tertiary care hospital to
evaluate the incidence of fungemia and the distribution of
causative species during the period 2001–2005. Another aim
was to assess the extent of antifungal resistance. A review of
all episodes of fungemia at the University Hospitals of
Leuven (Belgium) was conducted between January 2001 and
December 2005. For the first yeast isolate collected from
each non-mould fungemic episode during a 1-year period
(June 2004–June 2005), susceptibility to seven antifungal
agents was determined using Sensititre YeastOne plates
(Trek Diagnostic Systems, East Grinstead, UK), and the
antifungal therapy was reviewed. The annual incidence of
fungemia ranged between 1.30 and 1.68 episodes per 10,000
patient-days (on a total of 2,680,932 patient-days), with a
decreasing trend observed over the 5-year study period. The

most common species were Candida albicans (59%),
Candida glabrata (22%), Candida parapsilosis (10%), and
Candida tropicalis (4%). Overall, fluconazole resistance
was rare (1.6%) and was detected only in C. glabrata and
C. krusei. Voriconazole and caspofungin inhibited 100% of
the isolates at a concentration of ≤1 μg/ml. Fluconazole
was used to treat 75% of fungemic patients. Caspofungin
was the second most commonly used antifungal agent (used
to treat 11.7% of patients). The incidence of fungemia was
higher than usually reported in other European countries.
The low proportion of resistance supports the use of
fluconazole as the treatment of first choice for candidemia
in patients not previously exposed to this drug.

Introduction

During the past three decades, Candida has emerged world-
wide as an important cause of bloodstream infections [1, 2].
During the 1980s, an increased rate of candidemia in the USA
was reported [3]. Currently, the incidence trend of blood-
stream infections (BSIs) due to Candida species seems to be
stabilizing or even decreasing [4, 5]. Most of our knowledge
of the epidemiology of fungemia originates from studies done
in North America. Recently, a review of European surveys on
Candida bloodstream infections was published [6]. Incidence
rates of candidemia from multi-institutional surveys ranged
from 0.17 to 3.8 per 1,000 hospital admissions, from 0.26 to
0.73 per 10,000 patient-days, and from 1.9 to 11.0 per
100,000 inhabitants. Candida albicans was responsible for
more than one-half of the cases in all patient populations
except patients with haematological malignancies. Rates of
antifungal resistance remained low in these European studies.
From 1997 to 1999, the European Confederation of Medical
Mycology (ECMM) conducted a hospital-based survey of
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candidemia with the participation of seven nations: France,
Germany, Austria, Italy, Spain, Sweden, and the UK [7].
Similar rates of candidemia were reported in the different
countries, ranging from 0.20 to 0.38 per 1,000 admissions and
from 0.3 to 0.44 per 10,000 patient-days. C. albicans was
identified in 56% of the cases. With increasing age, an
increasing incidence of Candida glabrata fungemia was seen.
The 30-day mortality rate was 37.9%. A 1-year multi-
institutional Belgian survey on the epidemiology of candide-
mia was conducted in 2002 by Swinne et al. [8]. A total of
211 episodes of candidemia were evaluated in this survey. The
study provides data on factors predisposing for candidemia
and on the susceptibility of the isolates, but it was not
designed to estimate the incidence of candidemia.

The first aim of our study was to provide data on the
incidence of fungemia and on the distribution of the
different causative species from a large (1,900-bed)
university hospital in Belgium. The second aim of this
study was to determine the susceptibility to seven antifun-
gal agents of all yeasts isolated from blood cultures in our
hospital during a 1-year period and to review the antifungal
therapy administered to fungemic patients.

Materials and methods

Retrospective analysis

A review of all episodes of fungemia at the University
Hospitals of Leuven (Belgium) was conducted between
January 2001 and December 2005. Episodes of fungemia
were defined as the isolation of a fungal isolate from at
least one blood culture. Episodes of fungemia in a single
patient were regarded as distinct if they were separated by
at least a 30-day period during which no blood cultures
were positive for fungi.

Identification of organisms

Blood specimens were processed by an automated blood
culture system (BacT/Alert; bioMérieux, Durham, NC, USA),
and fungi were subcultured on Sabouraud dextrose agar.
BacT/Alert FA (aerobic), FN (anaerobic), and PF (paediatric)
FAN media blood culture bottles (bioMérieux) were used.
Species identification was based on germ tube production and
colony colour on CHROMagar Candida (CHROMagar, Paris,
France) supplemented with API ID32C (bioMérieux) for
identification of all non-albicans Candida isolates. From
June 2004 on, the first yeast isolate from each fungemic
episode was stored at −70°C in glycerol, 10% v/v.

Moulds were identified on the basis of the results of
macroscopical and microscopical examination of the cul-
tures. The isolates were subcultured on Takashio medium

(containing 0.2% glucose) to stimulate conidia formation.
Moulds were stored on Sabouraud agar at −70°C.

Antifungal susceptibility testing

Susceptibility testing was performed on the first yeast
isolate from each fungemic episode collected during a 1-
year period (June 2004–June 2005). No susceptibility
testing was done for mould isolates.

Prior to testing, each isolate was passed on Sabouraud
dextrose agar. Susceptibility testing was performed using a
Sensititre YeastOne panel (Trek Diagnostic Systems, East
Grinstead, UK) according the instructions of the manufacturer.
The MICs were read visually after 24 h of incubation at 36°C.
Antifungal drugs tested were fluconazole, amphotericin B,
voriconazole, caspofungin, flucytosine, ketoconazole, and
itraconazole. Quality control was ensured by testing the
Clinical Laboratory Standards Institute (CLSI)-recommended
strains C. krusei ATCC 6258 and Candida parapsilosis
ATCC 22019. Interpretative criteria for fluconazole, itraco-
nazole, flucytosine, and voriconazole were those of the CLSI:
fluconazole, susceptible (S) MIC ≤8 μg/ml, resistant (R) MIC
≥64 μg/m; voriconazole, S MIC ≤1 μg/ml, R MIC ≥4 μg/ml,
itraconazole, S MIC ≤0.125 μg/ml, R MIC ≥1 μg/ml;
flucytosine, S MIC ≤4 μg/ml, R MIC ≥32 μg/ml [9].

Use of antifungal agents

Data on antifungal agents prescribed for each patient with
fungemia during a 1-year period (June 2004–June 2005)
were obtained from the hospital pharmacy.

Hospital epidemiology data

Epidemiological data were extracted from the Hospital
Information System.

Statistical analysis

Linear trends over time were analysed by nonparametric
Spearman rank order correlation analysis (Analyse-it
software, Leeds, UK).

Results

Incidence rates and species distribution

Over the 5-year period, 411 episodes of fungemia were
detected in 408 patients on a total of 2,680,932 patient-days.
Three patients had two episodes of fungemia. The incidence
of fungemia per 10,000 patient-days showed a decreasing
trend over the 5-year period (Fig. 1, rs=−0.90, p=0.04) and
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was highest in 2001 (1.68 episodes/10,000 patient-days)
and lowest in 2004 (1.30 episodes/10,000 patient-days).
The incidence of candidemia was very similar, since few
episodes were due to non-Candida species, and ranged
between 1.65 and 1.26 per 10,000 patient-days (rs=−0.87,
p=0.05).

The species distribution over the 5-year period is shown
in Table 1. There were no real shifts in the species
distribution during this period. C. albicans remained the
predominant species, representing between 51% and 73%
of all isolates recovered, and C. glabrata was the second
most common species. In patients less than 15 years of age
(n=32), C. parapsilosis was the second most prevalent
species after C. albicans, followed by Candida lusitaniae.
No C. glabrata isolates were cultured from patients in this
age group. The distribution of the isolates by age group is
shown in Table 2.

Fifteen patients (3.7% of all patients) harboured two
different Candida species during the episode of fungemia;
in 10 of these patients, the two species were C. albicans
and C. glabrata.

Thirty-five percent of all fungemic episodes occurred in
patients hospitalised in the (medical and surgical) intensive
care units (ICUs). The emergency unit ranked second (7%) in
the recovery of fungi from blood cultures. Relatively few
fungemic episodes were detected in the neonatal ICU (n=8) or
the haematology units (n=17). The average annual incidence
rates for these different hospitalisation units were as follows:
neonatal ICUs, 0.30 episodes per 10,000 patient-days;
haematology units, 0.46 episodes per 10,000 patient-days;
emergency units 3.04 episodes per 10,000 patient-days; and
ICUs, 1.74 episodes per 10,000 patient-days. The species
distribution according to the hospitalisation unit is shown in
Table 3.

Antifungal susceptibility testing and antifungal therapy

A total of 62 yeast isolates from 60 patients were collected
from June 2004 until June 2005. The MIC ranges and the
MIC50 (μg/ml) and MIC90 (μg/ml) values for the seven
antifungal agents are shown in Table 4. The susceptibility
of the isolates to the antifungal agents for which CLSI
breakpoints are available (fluconazole, voriconazole, itra-
conazole, and flucytosine) are shown in Table 5.

All C. albicans isolates were fully susceptible to
fluconazole. Eighty-two percent of the C. glabrata isolates
showed decreased susceptibility (MIC >8 μg/ml) to flucona-
zole, including one resistant isolate (MIC=64 μg/ml).
Voriconazole and caspofungin inhibited 100% of the isolates
at a concentration of ≤1 μg/ml. The two isolates for which
voriconazole MICs were highest (1 μg/ml) were two
C. glabrata isolates for which fluconazole MICs were high
(32 and 64 μg/ml). The MIC of caspofungin for these two
isolates was low (≤0.06 μg/ml). The highest MICs of
caspofungin (0.5 μg/ml) were found for C. parapsilosis
isolates.

Fig. 1 Incidence of fungemia/candidemia during 2001–2005, show-
ing a decreasing trend

Table 1 Distribution of fungal species isolated from blood during 2001–2005

Species No. (%)

2001 2002 2003 2004 2005 2001–2005

Candida albicans 58 (61.0) 54 (58.7) 46 (50.5) 38 (53.5) 55 (70.5) 251 (58.8)
Candida glabrata 25 (26.3) 19 (20.7) 20 (22.0) 22 (31.0) 9 (11.5) 95 (22.2)
Candida parapsilosis 5 (5.3) 11 (12.0) 15 (16.5) 4 (5.6) 6 (7.7) 41 (9.6)
Candida tropicalis 2 (2.1) 6 (6.5) 5 (5.5) 2 (2.8) 4 (5.1) 19 (4.4)
Candida lusitaniae 1 (1.0) 0 (0) 2 (2.2) 2 (2.8) 0 (0) 5 (1.2)
Candida krusei 2 (2.1) 0 (0) 2 (2.2) 0 (0) 1 (1.3) 5 (1.2)
Saccharomyces cerevisiae 0 (0) 1 (1.1) 0 (0) 0 (0) 2 (2.6) 3 (0.7)
Othera 2 (2.1) 1 (1.1) 1 (1.1) 3 (4.2) 1 (1.3) 8 (1.9)
Total 95 (100) 92 (100) 91 (100) 71 (100) 78 (100) 427 (100)

a Species for which only one fungemic episode was recorded: Aspergillus niger, Candida dubliniensis, Candida guilliermondii, Candida spp.,
Fusarium spp., Penicillium marneffei, and Penicillium spp.

No significant changes in species distribution were observed during the study period
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Seventy-five percent of fungemic patients between June
2004 and June 2005 received fluconazole therapy. Caspo-
fungin was the second most commonly used antifungal
agent (10%). Four of the six patients treated with
caspofungin had C. glabrata candidemia (fluconazole
susceptible-dose-dependent [SDD] isolates). For the two
other patients, caspofungin was chosen because the patient
received fluconazole prophylaxis or the patient experienced
a second candidemic episode. In these two patients, a
fluconazole-susceptible C. albicans isolate was cultured
from blood. In five patients, therapy was switched from
fluconazole to caspofungin. In four patients, therapy was
switched because a non-albicans Candida isolate was
cultured: C. glabrata (fluconazole SDD and resistant
isolate) in two patients and C. parapsilosis in two other
patients. In one patient, therapy was switched to caspofun-
gin because of persistent isolation of C. parapsilosis during
fluconazole therapy. Two patients were treated with
conventional amphotericin B: one patient with a flucona-
zole SDD C. glabrata isolate, and the other with a
fluconazole-susceptible C. albicans isolate cultured from
the blood. The latter patient received fluconazole during the
6 days preceding the isolation of the C. albicans from the
blood. No antifungal therapy was administered to three
patients who died before or on the day the yeasts were
cultured from the blood.

In the period preceding the fungemic episode, five
patients received fluconazole for treatment of a Candida

infection or as prophylaxis. Four of these patients devel-
oped candidemia caused by a fluconazole-susceptible
isolate of C. albicans or C. parapsilosis. A fluconazole-
resistant isolate (C. krusei) was cultured from one patient.
This patient, who had undergone allogeneic stem cell
transplantation and had graft-versus-host disease, was on
fluconazole (400 mg/day) for 2 months.

Discussion

The average annual incidence of fungemia (candidemia) in
this retrospective study was 1.53 (1.51) per 10,000 patient-
days, with a decreasing trend observed between 2001 and
2005. C. albicans caused more than 50% of the fungemic
episodes, followed by C. glabrata. No clear shift in the
species distribution occurred during this study period.
Overall, fluconazole resistance was rare (1.6%) and was
detected only in isolates of C. glabrata and C. krusei.

This study provides the first data on the incidence of
fungemia in Belgium. Although this study is a single-
hospital study, a large sample size (more than 2.5 million
patient-days) was attained. The incidence of candidemia in
our centre is similar to the rates reported from centres in the
USA [10]. Generally, the incidences published from
surveys conducted in European countries are lower [6,
11–13]. Incidence rates above 1.5 per 10,000 patient-days
have been reported only in Italy and Spain [7, 14]. In Italy,

Table 2 Distribution of fungal
species isolated from blood
during 2001–2005, according
to age group

Species No. (%)

0–
19 years

20–
44 years

45–
64 years

≥65 years

Candida albicans 28 (70.0) 31 (58.5) 64 (50.8) 129 (62.0)
Candida glabrata 1 (2.5) 11 (20.8) 37 (29.4) 46 (22.1)
Candida parapsilosis 4 (10.0) 7 (13.2) 11 (8.7) 18 (8.7)
Candida tropicalis 2 (5.0) 1 (1.9) 8 (6.3) 8 (3.8)
Candida lusitaniae 2 (5.0) 0 (0) 0 (0) 2 (1.0)
Candida krusei 0 (0) 1 (1.9) 4 (3.2) 0 (0)
Saccharomyces cerevisiae 1 (2.5) 0 (0) 0 (0) 2 (1.0)
Other 2 (5.0) 2 (3.8) 2 (1.6) 3 (1.4)
Total 40 (100) 53 (100) 126 (100) 208 (100)

Table 3 Distribution of the
four most frequently isolated
Candida species, according to
hospitalisation unit

Species No. (%)

Neonatal unit Haematology units Intensive care units Emergency unit

Candida albicans 8 (88.9) 6 (35.3) 92 (63.0) 13 (43.3)
Candida glabrata 0 (0) 8 (47.1) 33 (22.6) 9 (30.0)
Candida parapsilosis 0 (0) 1 (5.9) 9 (6.2) 5 (16.7)
Candida tropicalis 0 (0) 1 (5.9) 6 (4.1) 0 (0)
Other 1 (11.1) 1 (5.9) 6 (4.1) 3 (10.0)
Total 9 (100) 17 (100) 146 (100) 30 (100)
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the high incidence was due partly to a large outbreak of
Candida bloodstream infections during the study period.
We speculate that the high incidence of fungemia in our
hospital is likely due to the large patient population at risk
for these invasive infections. Patients from all over Belgium
are referred to this 1,900-bed hospital. The University
Hospitals of Leuven have an important transplant
programme, with approximately 100 kidney, 5 pancreas,
50 liver, 50 lung, and 25 heart transplantations each year.
Analysis of the data of the National Nosocomial Infection
Surveillance (NNIS) system in the USA showed a clear-cut
association between the incidence of candidemia and the
number of hospital beds and/or the academic affiliation [3].
The ECMM survey also showed that the rate of candidemia
increased with the number of hospital beds [7]. The
incidence of candidemia at our neonatal ICU was low
(0.30 episodes/10,000 patient-days). Due to this low
incidence of candidemia, no fluconazole prophylaxis is
given in our neonatal ICU.

The distribution of the different species was similar to
that of the 1-year survey conducted in Belgium in 2002
(C. albicans 55%, C. glabrata 22%, and C. parapsilosis
13%) [8]. C. albicans causes more than 50% of the cases in
European studies except in patients with haematological
malignancies. C. glabrata is the second most common
species recovered, except in Italy and Spain, where it
ranked third and fourth, respectively [7, 13, 14].

The prophylactic use of azoles has an impact on the
Candida species encountered. In haematology patients,
non-albicans species, mainly C. glabrata, accounted for
two-thirds of the episodes in the study of Tortorano et al.
[6]. In our study, about half of the fungemic episodes in this
patient group were caused by C. glabrata. C. krusei and
C. tropicalis were isolated only once in our haematological
population, whereas these two species were present in up to
18% (C. tropicalis) and 13% (C. krusei) in this patient
group in the ECMM survey and in the surveillance study
performed by the European Organization for Research and
Treatment of Cancer (EORTC) [15]. Patients receiving
chemotherapy for acute leukaemia or myelodysplastic
syndrome are given fluconazole prophylaxis in our hospital.
Patients undergoing allogeneic haematopoietic stem cell
transplantation receive prophylaxis with itraconazole.

C. krusei is a rare species in our hospital: the five
patients with C. krusei fungemia were hospitalised in five
different units.

The fact that two different Candida species were
cultured concomitantly in nearly 4% of fungemic patients
supports the use of a chromogenic medium to subculture
blood cultures in which fungi were detected microscopical-
ly. The presence of C. glabrata in a mixture with C.
albicans can be missed with the germ tube test, and this
may have therapeutic consequences.T
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As expected, few filamentous fungi were cultured from
blood. Penicillium species, with the exception of Penicillium
marneffei, are generally considered to be contaminants. In
this study, Penicillium species were cultured from six blood
culture bottles, taken on two different days, from a
haematopoietic stem cell transplant recipient. The blood
was taken from a long-term central venous catheter. This
catheter was considered to be colonised by Penicillium
species and was replaced. No Penicillium species were
cultured after the catheter was changed.

The results of the susceptibility testing were similar to
those reported by Swinne et al. [8] and to those of other
European studies [6, 16–18], with the exception of a Danish
study [19]. Resistance to fluconazole was rare (1.6%) and
was detected only in C. glabrata and C. krusei. No isolates
for which the MIC of amphotericin B exceeded 1 μg/ml
were found. Voriconazole and caspofungin were active
against all isolates tested. In Denmark, fluconazole resis-
tance was detected in a broader range of species.

Several commercial methods are available for routine
testing of antifungal susceptibility of yeasts in the clinical
laboratory. The E test has been shown to be a reliable method
for the susceptibility testing of Candida species to amphoter-
icin B, flucytosine, fluconazole, voriconazole, and caspofun-
gin by different investigators [20, 21]. Furthermore, the
Sensititre YeastOne assay was shown to be an excellent
alternative procedure to both E test and the CLSI reference
procedure for routine antifungal susceptibility testing of
Candida species [22, 23]. Canton et al. [24] demonstrated
that Sensititre YeastOne detects strains with reduced caspo-
fungin susceptibility. Recently, it was shown that the Neo-
Sensitabs tablet diffusion assay (Rosco Diagnostica, Taastrup,
Denmark) may be an alternative method in the clinical
laboratory to determine the susceptibility of yeasts to
caspofungin, fluconazole, itraconazole, and voriconazole
[25]. Further studies are required to establish reference
quality-control zone diameters and interpretive zone diame-

ters for caspofungin and itraconazole to better evaluate the
suitability of this method. This method was unable to identify
some well-documented amphotericin-B-resistant isolates.

It is known that MICs of amphotericin B for isolates of
Candida species are tightly clustered between 0.25 and 1 μg/ml
when broth dilution methods are used and that these methods
do not consistently permit detection of resistant isolates. For
surveillance studies, the E test is preferred over broth dilution
techniques for amphotericin B susceptibility testing [17]. The
E test produces the widest distribution of MICs. However, none
of the test formats studied up to now for amphotericin B
susceptibility testing generate results that significantly correlate
with therapeutic success or failure [26].

A limitation of our retrospective analysis of fungemia is
its design as single-centre study. We recently extended the
susceptibility testing to Candida isolates from patients with
candidemia hospitalised in seven Belgian hospitals [27].
The results were consistent with the findings of the
University Hospitals of Leuven. Susceptibility data are
available only for a 1-year period at the end of the study.
Consequently, no conclusions about the trends in antifungal
susceptibility over the whole study period can be drawn.

In conclusion, the low proportion of antifungal resis-
tance detected in our hospital is reassuring and supports the
use of fluconazole as the drug of choice for empirical
treatment of candidemia in patients who have not received
azole prophylaxis and are not known to be colonised with
resistant species. The results also support the restricted use
of antifungal susceptibility testing in our hospital.
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C. tropicalis 1 1 1 1 1
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Total (%) 62 83.9% 14.5% 1.6% 100% 75.8% 4.8% 19.4% 100%

S susceptible, SDD susceptible-dose-dependent, I intermediate, R resistant
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