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We conducted population-based surveillance for Candida bloodstream infections in Spain to determine its

incidence, the extent of antifungal resistance, and risk factors for mortality. A case was defined as the first
positive blood culture for any Candida spp. in a resident of Barcelona, from 1 January 2002 to 31 December
2003. We defined early mortality as occurring between days 3 to 7 after candidemia and late mortality as
occurring between days 8 to 30. We detected 345 cases of candidemia, for an average annual incidence of 4.3
cases/100,000 population, 0.53 cases/1,000 hospital discharges, and 0.73 cases/10,000 patient-days. Outpatients
comprised 11% of the cases, and 89% had a central venous catheter (CVC) at diagnosis. Overall mortality was
44%. Candida albicans was the most frequent species (51% of cases), followed by Candida parapsilosis (23%),
Candida tropicalis (10%), Candida glabrata (8%), Candida krusei (4%), and other species (3%). Twenty-four
isolates (7%) had decreased susceptibility to fluconazole (MIC = 16 pg/ml). On multivariable analysis, early
death was independently associated with hematological malignancy (odds ratio [OR], 3.5; 95% confidence
interval [CI], 1.1 to 10.4). Treatment with antifungals (OR, 0.05; 95% CI, 0.01 to 0.2) and removal of CVCs
(OR, 0.3; 95% CI, 0.1 to 0.9) were protective factors for early death. Receiving adequate treatment, defined as
having CVCs removed and administration of an antifungal medication (OR, 0.2; 95% CI, 0.08 to 0.8), was
associated with lower odds of late mortality; intubation (OR, 7.5; 95% CI, 2.6 to 21.1) was associated with
higher odds. The incidence of candidemia and prevalence of fluconazole resistance are similar to other
European countries, indicating that routine antifungal susceptibility testing is not warranted. Antifungal

medication and catheter removal are critical in preventing mortality.

Candida species accounted for 8 to 10% of all nosocomial
bloodstream infections (BSI) in the United States during the
1990s (8). The incidence of Candida BSI increased two- to
fivefold in teaching hospitals and one- to fourfold in non-
teaching hospitals in the United States during the 1980s (4, 5),
and although there was a significant decrease in its annual
incidence among intensive care unit (ICU) patients in the
1990s (41), the overall incidence did not decrease (7, 11, 13). In
Europe, the incidence of Candida BSI in The Netherlands
doubled between 1987 and 1995, but in Norway and Switzer-
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land, it remained unchanged between 1991 and 1996 and 1991
and 2000, respectively (17, 36, 44).

Several population-based surveillance studies of Candida
BSI have been reported in the United States (7, 11, 13). In
contrast, most European studies have been conducted in se-
lected hospitals (14, 17, 34, 40, 44) or have focused on specific
groups of patients (16, 23, 42). Few population-based studies
of Candida BSI have been conducted in Europe. Exceptions to
this are a study from Iceland which reported a rise in annual
incidence from 1.4 cases per 100,000 population between 1980
and 1984 to 4.9 cases per 100,000 population between 1995 and
1999 (3) and a study from Finland between 1995 and 1999 that
detected an increase in annual incidence from 1.7 to 2.2 cases
per 100,000 population (32).

Although Candida albicans continues to be the most com-
mon cause of Candida BSI, longitudinal studies have detected
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an increase in the incidence of BSI caused by other Candida
species (28, 41). Compared with incidences from the 1980s, a
larger proportion of Candida BSI are now caused by Candida
glabrata in the United States (41) and by Candida parapsilosis
and Candida tropicalis in European, Canadian, and Latin
American hospitals (17, 27). The changing epidemiology of
Candida BSI has generated concern about the emergence of
azole drug resistance and its clinical relevance. The extent of
fluconazole resistance in Europe has been analyzed in previous
sentinel surveillance programs (12, 29, 31, 34, 39).

For the most part, the epidemiology of Candida BSI in Spain
has only been studied in selected hospitals (2, 26, 38, 43).
Population-based surveillance identifies all cases of disease
regardless of the health care settings in which they occur. It
minimizes bias resulting from the selection of only a subset of
hospitals, and it permits newly affected patient groups to be
identified. We conducted population-based active, prospective
surveillance for Candida BSI in Barcelona, Spain, to describe
the epidemiology of Candida BSI, to determine the distribu-
tion of the species involved and the prevalence of antifungal
drug resistance, and to evaluate risk factors for mortality.

MATERIALS AND METHODS

Surveillance and data collection. The study was conducted in the greater
Barcelona area (population, 3.9 million) between 1 January 2002 and 31 De-
cember 2003. Fourteen major institutions participated, ranging in size from 214
to 1,295 beds. All blood cultures from which a Candida species was isolated were
reported to the study coordinator (Dolors Rodriguez). The coordinator visited
the hospital during the first week after the BSI was diagnosed to confirm the
infection and again 3 weeks later to complete the case report form and record the
outcome. A standardized case report form was used to abstract the medical
records. Audits of clinical laboratories were periodically performed to ensure
that all cases of candidemia were reported; cases found after the audits were
added to the analysis. An audit of case patients’ medical records was performed
in July 2003 on 10% of the cases to verify data accuracy and completeness. To
measure severity of illness, we used the Acute Physiology and Chronic Health
Evaluation (APACHE) II score (6) for adult patients admitted to ICUs and the
Karnofsky performance status scale for adults outside of an ICU (20). No
standardized pediatric severity of illness score was measured during the study.

A case was defined as the incident isolation of any Candida species from the
blood of a surveillance area resident. Candidemias that occurred >30 days after
the initial case were considered new cases. Cases occurring either prior to or
within 2 days of hospital admission were considered outpatient acquired. A case
was defined as likely to be catheter related when (i) semiquantitative culture of
the catheter tip yielded more than 15 CFU of a Candida species or (ii) simul-
taneous quantitative cultures of blood samples showed a ratio of =5:1 in CFU of
blood samples obtained through the catheter and a peripheral vein (19).

To determine factors associated with BSI due to species other than C. albicans,
we compared data for C. albicans with those from cases due to other Candida
species by using univariate and multivariable analyses. Because of significant
differences in demographics and crude mortality among C. parapsilosis cases, we
excluded these cases from the multivariable analysis.

We also determined predictors of early and late mortality. We defined early
mortality as death occurring 3 to 7 days after diagnosis and late mortality as
death occurring between days 8 to 30. Patients that died on days 1 and 2 were
excluded, as deaths occurring this early were unlikely to be related to treatment
modality. Additionally, because of the significantly lower mortality observed with
C. parapsilosis BSI, we excluded these cases from the analyses. For the late
mortality study, we defined adequate treatment as the receiving =5 days of any
antifungal medication in addition to catheter removal. Because a severity of
illness score was not available for some cases, for mortality analyses we created
an additional model that used other markers to adjust for severity of illness
(location in the ICU, cardiac disease, renal failure, liver disease, and neurological
disease).

Microbiological methods. Detection of candidemia and species identification
of isolates were performed at the participating laboratories according to their
standard protocols (45). Isolates were sent to the Mycology Reference Labora-
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TABLE 1. Incidence of candidemia and characteristics of hospitals
included in surveillance for Candida bloodstream infections,
Barcelona, Spain, 2002 to 2003

Number of: Incidence per:
Hospital
P Beds  Discharges Patient-days  Cases disifgroges pat%gﬁ?(}gays
A 1,295 95,567 836,909 75 0.78 0.90
B 697 74,125 473,627 71 0.96 1.50
C 635 68,734 415,860 42 0.61 1.01
D 385 31,028 275,272 24 0.77 0.87
E* 346 43,044 207,826 14 0.33 0.67
F 622 51,106 528,948 36 0.70 0.68
G 830 53,452 545,210 41 0.77 0.75
H 320 31,670 219,728 3 0.09 0.14
1 470 50,035 280,195 8 0.16 0.29
J 535 50,025 336,583 13 0.26 0.39
K 337 37,916 188,822 4 0.11 0.21
L 224 22,534 127,542 6 0.27 0.47
M 214 16,624 118,860 2 0.12 0.17
N 218 21,638 150,177 6 0.28 0.40
Total 647,498 4,705,558 345 0.53 0.73

“ Pediatrics and obstetrics hospital.

tory (MRL), National Center for Microbiology, Madrid, Spain, for species con-
firmation and antifungal susceptibility testing. When MRL and submitting lab-
oratory identifications differed, the MRL final identification was used for the
purpose of this analysis. MICs of amphotericin B, fluconazole, and flucytosine
were determined by the European Committee on Antimicrobial Susceptibility
Testing broth microdilution method. These recommendations are based on Na-
tional Committee for Clinical Laboratory Standards (NCCLS) reference proce-
dure described in document M27-A2 but include some modifications to allow for
automation of the method and to permit the incubation period to be shortened
from 48 to 24 h (35). Isolates were classified as susceptible or as showing
decreased susceptibility, by using interpretive breakpoints proposed by the NC-
CLS for flucytosine and fluconazole (21). The latter category included the sus-
ceptible dose-dependent (SDD), intermediate, and resistant categories of the
NCCLS.

Statistical analysis. Incidence and age-specific rates were calculated using
denominator data obtained from the 2001 local census. Hospital-specific inci-
dence was calculated using denominators from individual hospitals’ data for the
total number of patients discharged and patient-days for 2002 to 2003. Overall
incidence was calculated using denominators of summed discharges and patient-
days to calculate pooled mean rates.

Data were entered into Microsoft Access 2000. Statistical analysis was per-
formed using SAS, version 8.2 (SAS Institute, Cary, N.C.). Chi-square or Fisher’s
exact test was used to compare categorical variables. Univariate and multivari-
able analyses were performed using the LOGISTIC procedure. For the multi-
variable analysis, candidate variables were identified as those (i) having a uni-
variate significance at the P of 0.10 level, (ii) identified in an earlier published
study, or (iii) believed to be clinically significant. By using this candidate list,
multivariable analysis was conducted using forward, backward, and stepwise
procedures, as well as by using various subsets of the data. Variables were
assessed for correlation and for significant interactions. Final models were esti-
mated using variables (risk or protective factors) whose coefficients were stable
across the range of possible models.

RESULTS

We detected 341 patients with Candida BSI. Four patients
had a recurrent episode, resulting in 345 total cases. In six
cases (2%), two different species of Candida were identified in
the incident culture, and in 67 cases (20%), the patient had a
concurrent bacteremia. The average annual incidence of can-
didemia was 4.3 cases per 100,000 population. Overall, the
surveillance period included 4.7 million patient-days and
647,498 hospital discharges; the pooled mean rate of candi-
demia for the 14 hospitals was 0.53 episodes per 1,000 dis-
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FIG. 1. Annual age-specific incidence of candidemia, Barcelona, Spain, 2002 to 2003.

charges and 0.73 episodes per 10,000 patient-days (Table 1).
The age-specific incidence rate was highest in infants (38.8
cases per 100,000 population) and in those aged >65 years (12

cases per 100,000 population) (Fig. 1).

Demographics, clinical characteristics, underlying patient
comorbidities, and outcomes are summarized by species in

Table 2. Thirty-seven cases (11%) were outpatient acquired,
but only 115 patients (33%) were in an ICU when candidemia
was diagnosed. Among inpatient candidemias and excluding
those transferred from other institutions, the median time be-
tween admission to the current hospital and date of positive
blood culture was 22 days (range, 3 to 234).

TABLE 2. Demographics, clinical characteristics, and outcomes of candidemia cases by select species, Barcelona, Spain, 2002 to 2003

Characteristic All cases® C. albicans C. glabrata C. tropicalis C. krusei C. parapsilosis

Median age (range) 63 (0-90) 66 (0-90) 68 (0-90) 66 (22-86) 60 (29-79) 36 (0-80)
Male 203 (59) 101 (58) 21(72) 22 (67) 7(58) 43 (55)
Age <lyr 32(9) 11 (6) 1(4) 1(3) 0 19 (24)
Outpatient” 37 (11) 23 (13) 4(14) 2(7) 0 6(8)
Median days in hospital until 20 (0-288) 20 (1-268) 14 (0-64) 16 (3-58) 18.5 (4-34) 28 (0-288)

candidemia (range)
Malignancy 123 (36) 61 (35) 6 (20) 18 (58) 9(75) 21 (27)
Immunosuppressive therapy 130 (39) 64 (37) 6(21) 16 (53) 9 (75) 29 (38)
Neutropenia® 38 (11) 10 (6) 0 8(26) 8 (67) 9(12)
Renal failure 117 (34) 72 (41) 11 (38) 11 (36) 3(25) 16 (21)
Transplant patient 26 (8) 3(2) 0 5(15) 2(17) 12 (15)
HIV infection 15 (4) 12 (7) 1(4) 0 0 2(3)
In ICU at diagnosis 115 (33) 59 (37) 7(28) 10 (33) 4(33) 31 (42)
Previous Candida 111 (33) 75 (43) 11 (38) 11 (34) 1(10) 9(12)

colonization
Previous surgery 157 (46) 84 (49) 14 (48) 13 (42) 4(33) 36 (46)
Vascular catheter at 302 (89) 146 (86) 24 (83) 28 (88) 12 (100) 76 (97)

diagnosis
TPN 125 (40) 57 (38) 7(27) 7(23) 3(25) 43 (57)
Catheter related 108 (31) 53 (31) 3(10) 7(22) 2(17) 42 (54)
Prior antibiotic therapy 298 (88) 156 (91) 21(72) 26 (84) 10 (91) 70 (91)
Prior antifungal therapy 57(17) 12 (7) 7(21) 4(13) 9(75) 20 (26)
Death by day 3-7 74 (22) 42 (24) 9(31) 11 (33) 2(17) 5(6)
Overall mortality 150 (44) 83 (47) 14 (50) 19 (59) 5 (46) 22 (28)
Total cases 345 (100) 176 (51) 29 (8) 34 (10) 12 (4) 78 (23)

“ All data are given as no. (%), except where a range is indicated.
® Outpatient, cases with positive blood culture either prior to or at =2 days of hospitalization.

¢ Absolute neutrophil count less than 0.5 X 109/liter.
4 TPN, total parenteral nutrition.
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TABLE 3. In vitro susceptibilities of 351 Candida bloodstream isolates to amphotericin B, flucytosine, and fluconazole”

. No. of Ampbhotericin B Flucytosine Fluconazole
Species .

isolates (%) Range GM MIC,y, Range GM MIC,, Range GM MIC,,
C. albicans 178 (51) 0.03-0.25 0.06 0.12 0.125-4 0.17 0.25 0.125-8 0.16 0.25
C. parapsilosis 81 (23) 0.03-0.25 0.19 0.25 0.125-1 0.15 0.25 0.125->64 0.41 1
C. tropicalis 36 (10) 0.06-0.5 0.09 0.12 0.125-0.5 0.15 0.25 0.125->64 0.28 0.5
C. glabrata 31(9) 0.03-0.5 0.19 0.25 0.125-0.25 0.14 0.25 2->64 6.3 16
C. krusei 14 (4) 0.25-0.5 0.3 0.5 2-4 2.43 4 32->64 52 64
Others 11 (3) 0.03-0.25 0.08 0.25 0.125-4 0.41 2 0.125-16 1.06 16
Total 351 (100) 0.03-0.5 0.08 0.25 0.125-4 0.18 0.5 0.125->64 0.39 8

¢ Susceptibility data in micrograms per milliliter. Data are from 345 cases with 351 isolates (6 polyfungal candidemias). Results are reported as MIC ranges, geometric

mean (GM) MIC values, and MICgys.

Among conditions known to be associated with candidemia,
receiving immunosuppressive therapy was the most common
(39%), followed by presence of a malignancy (36%), neutro-
penia (11%), and receiving a transplant (8%); central venous
catheters (CVC) were in place in 302 cases (89%). Catheters
were studied for the source of infection in 188 cases (54%); 108
of these cases (57.4%) were likely catheter associated.

Over 80% of patients received some antifungal treatment
for candidemia, but 55 cases were never treated. Twenty-nine
untreated patients (52.7%) died within the first 48 h, likely
before the result of the first positive blood culture became
available.

Species distribution. C. albicans was the most common iso-
late (51%), followed by C. parapsilosis (23%), C. tropicalis
(10%), C. glabrata (9%), and Candida krusei (4%). Other Can-
dida species were isolated in 11 cases (3%) (Table 3). The local
laboratories correctly identified the Candida species in 332
cases (96%).

Compared to non-C. albicans species, cases with C. albicans
were more frequently associated with prior colonization by the
same Candida species (43 versus 22%, P < 0.01). Cases with C.
parapsilosis were more likely to be infants (24 versus 5%, P <
0.01), more likely to have indwelling CVC (97 versus 88%, P =
0.02), and less likely to die within 30 days (28 versus 48%, P <
0.01) compared to other cases. C. krusei cases were more fre-
quently neutropenic (67 versus 9%, P < 0.01) or more fre-
quently had a malignancy (75 versus 35%, P < 0.01) when
compared to non-C. krusei cases. C. tropicalis cases were also
likely to be neutropenic (26 versus 10%, P = 0.01), have a
malignancy (58 versus 4%, P < 0.01), or die within 30 days (59
versus 42%) compared to non-C. tropicalis cases, although this
latter difference did not reach statistical significance (P =
0.06).

On multivariable analysis excluding C. parapsilosis cases, the
only exposure significantly associated with non-C. albicans can-
didemia, compared to that with C. albicans, was previous treat-

TABLE 4. Severity of illness categories and correlation to overall
mortality among adult candidemic cases (n = 217)“

Deaths (%)

Category (n)

SEVETE (51) ettt ettt seseseaseneacs 41 (80)
Moderate (159). .. 62 (39)
MILA (7) coeerrireeeireeieieee ettt 2(29)

¢ Categories are divided in order of decreasing severity of illness.

ment with fluconazole (odds ratio [OR], 3.3; 95% confidence
interval [CI], 1.8 to 6.1; P < 0.01); previous antibiotic use was
a protective factor for non-C. albicans candidemia compared
to that with C. albicans (OR, 0.4; 95% CI, 0.2 to 0.8; P < 0.01).

Outcomes. Overall, 150 patients (44%) died with 30 days; 74
(22%) died within 7 days of incident culture. Two hundred
(58%) cases were evaluated for metastatic candidiasis; 21
(10%) had evidence of dissemination to the heart (29%), the
kidney (19%), liver (19%), or eyes (14%). Autopsy was per-
formed on 15 cases; disseminated candidiasis was documented
in two (13%).

To investigate the correlation between severity of illness and
mortality, we divided adult cases into three categories: ICU
patients with an APACHE II score of >20, other hospitalized
adults with APACHE II scores of <20 or any Karnofsky score,
and adult outpatients (Table 4). A severity of illness category
was available for 217 of 289 adults (75.1%).

On univariate analysis, numerous factors were found to be
significantly associated with early mortality (Table 5). Upon
multivariable analysis and controlling for the high and moder-
ate severity of illness categories, treatment with an antifungal
and having the catheter removed as a part of treatment were

TABLE 5. Univariate and multivariable predictors of mortality at
days 3 to 7 after candidemia, Barcelona, Spain, 2002 to 2003“

- Deaths Non-deaths Relative Risk P
Characteristic (%) (%) (95% CI) value
Shock 22 (61) 29 (15) 5.5 (3.0-10.0) <0.01
Renal failure 17 (46) 25 (13) 3.9(2.2-6.7) <0.01
Treatment with 25 (68) 188 (96) 0.2 (0.1-0.3) <0.01
antifungal
Catheter removal 20 (61) 142 (85) 0.4 (0.2-0.7) <0.01
High severity of illness 12 (41) 25 (19) 2.3 (1.2-4.4) 0.01
category
Catheter-related 5(14) 62 (32) 0.4 (0.2-1.0) 0.03
candidemia
Intubated 15 (43) 49 (25) 2.0 (1.1-3.6) 0.03
Age >65 yr 26 (68) 100 (50) 1.9 (1.0-3.7) 0.03
Neutropenia 8(22) 19 (10) 2.1(1.1-42) 0.04
Bacteria in incident 13 (34) 38(19) 1.9 (1.0-3.4) 0.04
culture
Hematologic 9(24) 27 (13) 1.8 (0.9-3.4) 0.1
malignancy

¢ Excluding C. parapsilosis cases and deaths occurring at days 1 to 2. The
multivariable analysis is as follows: for treatment with antifungal, the OR was
0.05, the 95% CI was 0.01 to 0.2, and P was >0.01; for hematologic malignancy,
the OR was 3.5, the 95% CI was 1.1 to 10.4, and P was 0.03; and for catheter
removal, the OR was 0.3, the 95% CI was 0.1 to 0.9, and P was 0.04. Multivariable
analysis results are adjusted for severity of illness category.
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TABLE 6. Univariate and multivariable predictors of mortality at
days 8 to 30 after candidemia, Barcelona, Spain, 2002 to 2003¢

- Deaths Non-deaths Relative risk P

Characteristic (%) (%) (95% CI) value

High severity of illness 14 (38) 11 (12) 2.6 (1.6-4.3) <0.01
category

Intubation 22 (45) 27 (18) 2.4 (1.5-3.9) <0.01
Developed renal failure 13 (27) 12 (8) 2.5 (1.6-4.1) <0.01
Septic shock 13 (27) 16 (11) 2.1(1.3-3.4) <0.01
Recurrent candidemia 10 (20) 12 (8) 2.0 (1.2-3.4) 0.02
Neurologic disease 13 (26) 18 (12) 1.8 (1.1-3.0) 0.03
Likely catheter related 10 (20) 52 (35) 0.5 (0.3-1.0) 0.04
Adequate treatment” 30 (59) 104 (69) 0.7 (0.4-1.2) 0.17

¢ Excluding C. parapsilosis cases and deaths that occurred at days 0 to 7 and
adjusting for severity of illness category. The multivariable analysis is as follows
for intubation, the OR was 7.5, the 95% CI was 2.6 to 21.1, and P was <0.01; and
for adequate treatment, the OR was 0.2, the 95% CI was 0.08 to 0.8, and P was
0.01.

® Removal of catheter(s) in addition to having received =5 days of antifungal
treatment.

independently associated with lower odds of early death; hav-
ing a hematological malignancy was associated with greater
odds (Table 5).

Table 6 shows the univariate and multivariable predictors
associated with late mortality. After controlling for severity of
illness category, receiving adequate treatment was indepen-
dently associated with lower odds of death at days 8 to 30;
intubation was associated with higher odds. Similar associa-
tions were seen after creating multivariable models using other
markers to adjust for severity of illness (data not shown).

Antifungal susceptibility testing. All 351 isolates recovered
were tested for susceptibility to amphotericin B, flucytosine,
and fluconazole as summarized in Table 3. Amphotericin B
MICs ranged from 0.03 to 0.5 wg/ml and flucytosine MICs
ranged from 0.125 to 4 pg/ml. Isolates of C. krusei demon-
strated the highest geometric mean MIC for amphotericin B
and flucytosine with geometric mean values of 0.30 and 2.43
pg/ml, respectively. A total of 24 isolates (7%; 1 C. parapsilosis,
1 C. tropicalis, 6 C. glabrata, 14 C. krusei, 1 C. inconspicua, and
1 C. norvegensis) showed decreased susceptibility to flucon-
azole (MIC = 16 wg/ml). Six isolates were classified as resistant
to this compound (MIC, =64 ng/ml) and 18 as SDD (MIC, 16
to 32 pg/ml).

DISCUSSION

This is the first population-based description of Candida BSI
in Spain. It provides more representative information on spe-
cies distribution, clinical characteristics, antifungal resistance
rates, and outcomes than previous reports that were based on
selected hospitals (2, 26, 38, 43). The overall incidence of
Candida BSI in Barcelona is lower than in the United States
(4.3 cases per 100,000 population versus 6 to 10 cases per
100,000 population) (11, 13, 18) but is consistent with recent
reports from Northern European countries (1.7 to 4.9 cases per
100,000 population) (3, 32).

In comparison with data from the United States, the lower
population-based incidence rate reported here might be a re-
sult of demographic or medical practice differences between
the two countries. For example, the proportion of outpatient
candidemia was lower than in the United States (10.8 versus
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28% within 24 h of admission), possibly due to a difference in
frequency of outpatient CVC use (11). Although the rate of
outpatient candidemia reported here was higher than in other
European studies, our study, being population-based, is likely
a better estimate of the true outpatient burden (14, 40).

Candida BSI rates among hospitalized patients in this study
(0.73 episodes per 10,000 patient-days) were lower than re-
ported incidence rates from the United States (1.5 episodes
per 10,000 patient-days) (11) but similar to previously reported
Candida BSI rates for other European countries. These have
ranged from 0.27 episodes per 10,000 patient-days in Norwe-
gian hospitals in 1996 to 0.35 episodes per 10,000 patient-days
in France in 1995, 0.54 episodes per 10,000 patient-days in
Switzerland in 2000, and 0.71 episodes per 10,000 patient-days
in The Netherlands in 1995 (17, 34, 36, 44).

The high incidence of Candida BSI among infants observed
here (38.8 cases per 100,000 population) is consistent with
previous studies in the United States (11, 13). Mortality among
this population was significantly lower than among adults, sim-
ilar to other reports (15, 16). However, in contrast to those
studies where C. albicans was the most common species iso-
lated, the most frequent isolate that we recovered from neo-
nates was C. parapsilosis (16 of 24 cases, 67%). This proportion
is higher than that reported in the United States, where C.
parapsilosis accounts for 27 to 45% of BSI in neonates and
decreases sharply with age thereafter (11, 13).

Although candidemia is often associated with an ICU stay,
only 115 patients (33%) were in an ICU when candidemia was
diagnosed. This rate is similar to those reported recently in the
United States (11) and supports the thinking that candidemia
is not exclusively associated with critical care. A significant
decrease in the incidence of C. albicans BSI and a significant
increase in the incidence of C. glabrata BSI in ICU patients
have also been reported in the United States (41).

In general, the underlying conditions and risk factors iden-
tified in this study were similar to those documented in other
European studies (14, 26, 38, 40). The proportion of persons
with human immunodeficiency virus (HIV) infection (4.4%) is
similar to the rate of 6% reported in Northern Italy (40) but
lower than proportions reported from the United States (8 to
10% of candidemic patients) (11, 13). This probably reflects
the changing care of HIV infection, as fewer such patients now
require admission to Spanish hospitals.

We found that 57% of catheters evaluated were likely the
source of Candida BSI, highlighting the relevance of catheter-
related sources in candidemia. Removal of an indwelling CVC
is recommended whenever possible (16, 25), with some studies
showing a clear benefit in terms of a reduction in duration of
candidemia and a lower attributable mortality rate (9, 14).
Other studies, however, do not support this consensus (24). In
our study, removal of catheters in addition to receiving anti-
fungal treatment was independently associated with a de-
creased risk for both early and late mortality. Our data, there-
fore, support current recommendations to remove CVC when
Candida BSI is detected and to treat any candidemia with
systemic antifungals (16, 25).

The distribution of Candida species was generally similar to
reports from other European countries (29, 34, 40). An excep-
tion is the frequency of C. glabrata, which in our study was the
fourth most-common species, compared to being the second
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most-common species in Switzerland (17), the United King-
dom (14), and the United States (7, 11, 13).

Our findings confirm the reports of negligible fluconazole
resistance among C. albicans bloodstream isolates (11, 27).
Additionally, susceptibility results for non-C. albicans species
were consistent with other studies (11, 27). A low level of
fluconazole resistance was found among C. tropicalis and C.
parapsilosis isolates, and a high level of resistance was detected
among C. krusei isolates. Although only 3% of our C. glabrata
isolates were resistant to fluconazole, the MICs for 16% fell
within the SDD range (16 to 32 pg/ml), consistent with reports
from sentinel surveillance (28) and results recently reported
from 19 European centers where 5% of C. glabrata isolates
were fluconazole resistant (31). These low rates of fluconazole
resistance overall suggest that routine antifungal susceptibility
testing for Candida species is not necessarily indicated in our
population, particularly if C. albicans is isolated.

Amphotericin B MICs were consistent with reports from
other European countries (3, 14). The decreased susceptibility
of C. krusei to amphotericin B (MIC at which 90% of isolates
were inhibited [MIC,], 0.5 pg/ml) is also consistent with pre-
vious reports (11, 13, 30).

The role of widespread azole use in the emergence of spe-
cies other than C. albicans as causes of Candida BSI remains
controversial. An increase in the proportion of C. glabrata BSI
was first reported from the United States during the 1990s (1,
22,33, 41). A similar trend was reported from The Netherlands
(44), but two studies from Switzerland reported no shift to
species other than C. albicans, despite a significant increase in
fluconazole use (10, 17). In our multivariable analysis, we
found that the risk of non-C. albicans, non-C. parapsilosis BSI
was higher in cases previously treated with fluconazole, similar
to several previous reports (1, 18, 23, 40). Taken as a whole,
these results suggest that increases in the proportion of C.
glabrata BSI in some countries might be related to increasing
fluconazole usage, although other host and health care factors
could also have an effect on this trend (37, 46, 47).

Our study was subject to limitations. First, severity of
illness scores were not obtained on all cases. APACHE II
and Karnofsky scores could not be calculated at times be-
cause the difficulty in obtaining these data or they were
inappropriate. However, when we created models using
other markers for severity of illness, our results were highly
reproducible, thereby underlining the stability of our results.
Second, the study relied on routine clinical care to docu-
ment disseminated and metastatic candidiasis, making it
difficult to determine the real number of cases of dissemi-
nated Candida infection.

This article is the first population-based surveillance for
Candida BSI conducted in Spain and highlights the significant
morbidity and mortality associated with this infection. Our
results demonstrate that the incidence of candidemia in Spain
is slightly higher than in other European countries but lower
than in the United States and that the rate of fluconazole
resistance is very low. Additionally, our findings indicate that
adequate treatment of candidemia, with catheter removal and
antifungal medication, is associated with improved outcomes,
thereby supporting current treatment guidelines.
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