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Abstract
Purpose  An early adequate antifungal therapy based on the knowledge of local epidemiology can reduce the candidemia-
attributable mortality and the length of hospitalization. We performed a retrospective study to analyze the epidemiology of 
candidemia and the antifungal consumption in our hospital.
Methods  We analyzed Candida spp. isolated from the blood, and their susceptibility profile from 2005 to 2016 in Careggi 
University Hospital, Florence, Italy. We also performed a stratified analysis by clinical setting where Candida spp. were 
isolated (Medical Wards, Surgery, Intensive Care Unit-ICU). Then, we retrospectively reviewed the annual consumption of 
antifungal agents and calculated the defined daily dosing for 10,000 hospital days.
Results  The rate of candidemia was higher in ICU than other settings and Candida albicans was the first cause of candi-
demia (61.2%). After adjustment for hospital days, the rate of C. albicans showed a statistically significant parabolic trend 
(p < 0.001), with a peak of incidence in 2010. After 2010, we observed a reduction of candidemia due to both C. albicans 
and non-albicans species. Between 2005 and 2015, we reported an increasing increased use of echinocandins. As far as 
resistance profile is concerned, only one Candida glabrata isolate was resistant to caspofungin (1.9%) and 30% of C. glabrata 
were resistant to fluconazole.
Conclusions  Our data describe C. albicans as the first cause of candidemia in all the studied settings and the low rate of 
echinocandin resistance, despite their increased use over the study period. ICU was confirmed as the setting with the highest 
incidence of candidemia.
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Introduction

Candida spp. is the first cause of invasive fungal infections 
(IFI) in hospital patients and the fifth cause of nosocomial 
bloodstream infections (BSI) in Intensive Care Unit (ICU) 
[1]. In European and US studies, the incidence of candi-
demia was between 1.2 and 25 cases per 100,000 persons, 
with lower incidence rate in Europe [2–4]. An Italian ret-
rospective study reported a statistically significant increase 
of candidemia between 2008 and 2012 in hospital patients 
(0.4–1.68 per 10,000 patients-day) and Candida albicans 
was the most isolated species [5]. The increasing incidence 
of the non-albicans Candida spp. probably correlated with 
the rise of the associated risk factors: central venous catheter 
and parenteral nutrition for Candida parapsilosis, neutro-
penia for Candida krusei, and prior treatment with an azole 
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for Candida glabrata [6, 7]. Candidemia was associated 
with high mortality, high costs and prolonged hospitaliza-
tion [8]. In the ICU, the candidemia-attributable mortality 
was between 5 and 71% [9, 10], but it could be reduced 
by an early antifungal treatment [11–13]. If a candidemia 
is suspected, an echinocandin is the initial recommended 
treatment [14–16]. So far, the rate of echinocandin-resistant 
Candida spp. was lower than 2–3%, except for C. glabrata 
(8–13%) [17, 18].

The knowledge of the local epidemiology is helpful to 
choose the adequate antifungal therapy and reduce mortality. 
We performed a retrospective study to analyze the epide-
miology of candidemia and the consumption of antifungal 
agents in our hospital, between 2005 and 2016.

Methods

Data collection

Careggi Hospital is a large tertiary care teaching hospital in 
Florence, Italy. In 2016, the facilities are as follows: 1297-
bed units, 111-sub-intensive and 70-intensive bed units, 133-
day hospital and 51-day surgery bed units. In the last 4 years, 
the bed units were reduced to about 300.

We performed a retrospective study about Candida spp. 
isolated from the blood, and their susceptibility profile 
from January 2005 to December 2016 in the Laboratory 
of Microbiology and Virology of Careggi Hospital, Flor-
ence. We excluded the isolates of the same patient if they 
had the same susceptibility profile and if the isolation was 
obtained within 30 days after the first positive blood cul-
ture. Caspofungin susceptibility was performed from 2012; 
micafungin and anidulafungin susceptibility was performed 
from 2013. The in vitro susceptibility to antifungal drugs 
was performed using Sensititre® YeastOne®. We applied 
the antifungal breakpoints recently revised by Clinical and 
Laboratory Standards Institute (CLSI) for all samples [19].

We associated Candida isolates with the setting where 
they were isolated (Medical Wards-MW, surgery, Intensive 
Care Unit-ICU) and we excluded those obtained from Neo-
natal Intensive Care Unit. Between 2005 and 2007, we were 
not able to associate 49 Candida isolates to corresponding 
wards (missing data). We also extracted the hospital days for 
year from the Careggi Hospital database.

Then, we retrospectively reviewed the annual consump-
tion of antifungal agents in the same period: caspofungin and 
fluconazole from 2005 to 2016, anidulafungin from 2009 to 
2016 and micafungin from 2010 to 2016. For every antifun-
gal agent, we calculated the defined daily dose (DDD) for 
10,000 hospital days, in accordance with the Guidelines for 
ATC classification and DDD assignment (WHO collabo-
rating Centre for Drug Statistic Methodology; http://www.

whocc​.no). No data were available about the reason for the 
use of antifungal agents (e.g., prophylaxis, therapy or pre-
emptive therapy). It was an observational retrospective study 
based on anonymized microbiological data. No clinical and 
personal data of patients were used. Thus, the study did not 
require the patient’s consent and the approval by the Institu-
tional ethics committee.

Statistical analysis

Data were analyzed using Statistical Analysis System (SAS) 
version 9.3. For categorical variables, number and percent-
age are reported. To assess association between counting 
variables (expressed as rates) and years a log-linear regres-
sion model was used. Statistical significance level is fixed to 
5%. Wald test was used for calculation of p values, and 95% 
CI were used for descriptive purposes.

Results

In Fig. 1, we report the most common isolates from blood 
cultures from 2005 to 2016. Coagulase-negative staphylo-
cocci were not considered due to the impossibility to clearly 
attribute a contaminant or pathogenic role. Escherichia coli 
was the most common isolated pathogen during the entire 
study period, followed by Staphylococcus aureus. Candida 
spp. ranked between the third and the fifth position. Of note, 
a sharp increase of BSI due to Klebsiella was observed.

In the study period, we obtained 1091 isolates of Candida 
spp.: the more frequent species were C. albicans (n = 668, 
61.2%), followed by C. parapsilosis (n = 183, 16.8%), and 
C. glabrata (n = 141, 12.9%), without statistical significant 
difference in trend (Fig. 2). In Fig. 2, we report the annual 
distribution of Candida spp. and in Fig. 3 the distribution of 
Candida spp. for years and for setting. After adjustment for 
hospital days, the rate of C. albicans showed a statistically 
significant parabolic trend (p < 0.001, confidence interval 
95% 0.05–0.22), with a peak incidence in 2010 (Fig. 4a).

After adjustment for hospital days for year, we observed 
a higher rate of candidemia in ICU setting (mean 14.5 for 
10,000 hospital days) than in MW (mean 2.8 for 10,000 hos-
pital days). The significant parabolic trend was confirmed 
for C. albicans (Fig. 4b) only for ICU (p < 0.001, CI 95% 
1.08–2.39), while the trend of non-albicans Candida spp. 
was parabolic but not statistically significant. In ICU, the 
rate of non-albicans Candida spp. was statistically signifi-
cantly higher than in MW (p < 0.001), in particular C. par-
apsilosis (p < 0.05).

We also analyzed the MIC value of fluconazole from 
2005 to 2016 and echinocandins from 2012 to 2016. In 
Table 1, we report the distribution of Candida spp. based 
on MIC values and in Table 2, we report the MIC50 and 
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MIC90 values. We observed that all isolates of C. glabrata 
had high MIC values for fluconazole (MIC50 16 µg/ml, 
MIC90 128 µg/ml), with 33% (35/105) of them non-sus-
ceptible. For C. parapsilosis, we observed decreasing flu-
conazole MIC values (p < 0.001) over the study period. As 
for echinocandins, C. parapsilosis had higher MIC values 
than other Candida spp., but all within the susceptibility 
cut-off value without resistant isolate (caspofungin MIC50 
0.25 µg/ml, MIC90 1 µg/ml; micafungin and anidulafungin 

MIC50 1 µg/ml, MIC90 2 µg/ml). Only one C. glabrata 
isolate was resistant to caspofungin (MIC 1 µg/ml) (1/53, 
1.9%). The caspofungin MIC values for C. albicans 
decreased from 2011 to 2015 (p < 0.05).

Analyzing the consumption of fluconazole and echi-
nocandin from 2005 to 2016, we observed a progressive 
increase of the echinocandin use until 2011, followed by a 
sharp increase in 2012. Starting from 2015, we observed a 

Fig. 1   Trend of the most common pathogens isolated from blood cultures, Careggi Hospital, Florence, Italy. Coagulase-negative staphylococci 
are not included in the figure

Fig. 2   Distribution for years of Candida spp.
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Fig. 3   Distribution of Candida 
spp. for years and for setting
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reduction of echinocandins use. Fluconazole was the most 
commonly utilized antifungal drug until 2012 (Fig. 5).

Discussion

The increasing numbers of risk factors for Candida infec-
tions in hospital population and the high rate of attributa-
ble mortality are of concern for clinicians. The knowledge 
of local epidemiology is helpful for clinicians to prescribe 
empiric therapy, awaiting the microbiological results, and 

to reduce the mortality with early therapy. We performed 
an epidemiological study in an Italian large tertiary care 
teaching hospital to describe the local epidemiology of 
candidemia and to oversee the presence of drug resistance, 
according to the use of echinocandins.

The number of candidemia was higher in MW (602), 
but after adjustment for hospital days, the rate is higher in 
ICU than in other settings (14.5 versus 2.8 for 10,000 hos-
pital days in MW), as described in another Italian study, 
in which the incidence of candidemia in ICU was 1.95 per 

Fig. 4   a Trend of C. albicans 
after adjustment for hospital 
days for year. b Trend of C. 
albicans after adjustment for 
hospital day for year and for set-
tings. ICU intensive care unit, 
MW medical ward



474	 J. Mencarini et al.

1 3

1000 patient/days versus 0.17 in the other wards consid-
ered together [5].

In our study, C. albicans was the first cause of candi-
demia, followed by C. parapsilosis and C. glabrata, in 
accordance with findings from other Italian and European 
studies [20–22]. In the ARTEMIS DISK Global Antifungal 
Surveillance Study, reporting data about invasive Candida 
isolates from 39 countries, C. albicans was the main cause 

of candidemia, although with a decreasing trend. In con-
trast, the frequency of C. parapsilosis and C. tropicalis was 
increasing, and some countries described a shift from C. 
albicans to non-albicans Candida spp. [20]. In an Italian 
tertiary University Hospital, Bassetti et al. reported a global 
incidence of 0.79 episodes/1000 admission, and C. albicans 
was isolated in 60.3% of cases, followed by C. parapsilosis 
(16.7%) and C. glabrata (11.8%) [21]. In a French study, C. 
albicans was the predominant species (51.8%), followed by 
C. parapsilosis (14.5%) and C. glabrata (9.8%) [22].

In our study, we did not observe an increase of non-albi-
cans Candida spp., neither considering the total sample nor 
analyzing the different settings (ICU, MW, and surgery). 
This finding is in contrast to data from another Italian study, 
reporting a shift from C. albicans to non-albicans species, 
with non-albicans Candida spp. causing 55.8% of candi-
demia and C. parapsilosis being the most frequent species 
[23]. In an Asiatic study, the predominant species isolated 
from BSI were non-albicans Candida spp. (73.14%) [24]. 
During our study period (2005–2016), the most commonly 
isolated non-albicans Candida spp. were C. parapsilosis and 
C. glabrata. The high rate of C. parapsilosis, observed in 
our ICU, was probably due to patient risk factors, such as 
the use of central venous catheter and parenteral nutrition.

After 2010, we observed a reduction of candidemia due to 
both albicans and non-albicans species, similar to the data 
reported by Turkish studies. Yesilkaya et al. reported a sig-
nificant negative trend of candidemia episodes between 2007 
and 2014, and Kazak et al. reported a decreased candidemia 
incidence in the period 2008–2012 compared to 1996–2001 

Table 1   MIC of fluconazole and echinocandins for species

Species Antifungal agents (N 
isolates with available 
MIC)

No. of isolates with MIC (µg/ml) of

0.008 0.015 0.03 0.06 0.12 0.15 0.25 0.5 1 2 4 8 16 32 64 128 256

C. albicans Fluconazole (668) 10 116 247 229 44 10 6 4 2
Caspofungin (235) 1 13 97 83 26 3 10 2
Micafungin (155) 103 37 6 7 1 1
Anidulafungin (136) 1 41 43 39 12

C. parapsilosis Fluconazole (171) 1 3 24 53 48 30 11 1
Caspofungin (76) 1 1 3 31 27 11 2
Micafungin (58) 1 1 12 24 20
Anidulafungin (39) 1 1 3 18 15 1

C. glabrata Fluconazole (113) 1 1 3 8 20 37 7 18 11 7
Caspofungin (64) 5 21 32 3 2 1
Micafungin (40) 5 20 6 3 6
Anidulafungin (33) 4 9 11 9

C. tropicalis Fluconazole (42) 1 1 7 17 14 1 1
Caspofungin (19) 5 7 5 2
Micafungin (10) 1 8 1
Anidulafungin (7) 1 2 3 1

Table 2   MIC50 and MIC90 of fluconazole and echinocandins for spe-
cies

Species Antifungal agents MIC50 MIC90

C. albicans Fluconazole 0.25 0.5
Caspofungin 0.03 0.12
Micafungin 0.008 0.015
Anidulafungin 0.03 0.06

C. parapsilosis Fluconazole 0.5 2
Caspofungin 0.25 1
Micafungin 1 2
Anidulafungin 1 2

C. glabrata Fluconazole 16 128
Caspofungin 0.06 0.12
Micafungin 0.015 0.06
Anidulafungin 0.06 0.12

C. tropicalis Fluconazole 1 2
Caspofungin 0.06 0.12
Micafungin 0.03 0.03
Anidulafungin 0.06 0.12
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[25, 26]. The reduction of candidemia may be attributed 
to the increasing use of antifungal therapy in our setting, 
in particular echinocandins, as empiric and pre-emptive 
therapy in patients at high risk. Between 2005 and 2015, we 
reported an increasing use of echinocandins in particular 
from 2012, probably due to the new ESCMID guidelines, 
that indicated echinocandins as recommended therapy for 
candidemia [14]. Our data confirmed a French study about 
the consumption trend over 10 years (2004–2013): echino-
candin use increased significantly, and the use of fluconazole 
did not change from 2004 to 2013 [27]. The drug use did 
not affect the susceptibility profile of Candida spp. isolates. 
From 2015, we observed a reduction of echinocandin use, 
probably due to an antimicrobial stewardship programme 
(Antimicrobial and Infection Management—AIM) imple-
mented in Careggi Hospital in the same period.

Another possible reason to explain the reduction of candi-
demia in our study may be the increasing caution in the use 
and management of CVC, in virtue of the implementation 
of procedures for the CVC insertion and management in the 
last 5 years.

Of note, the candidemia decreasing trend in our hospi-
tal was observed contemporary to the rise of number of K. 
pneumoniae BSI. From 2010 to 2016, K. pneumoniae moved 
from the twelfth to the fourth position in the ranking of total 
BSI.

As far as the resistance profile is concerned, we found a 
low percentage of echinocandin resistance in C. glabrata 
(1.9%), and no resistance in C. albicans. Previous studies 

reported the percentage of echinocandin resistance in C. 
glabrata to be between 3 and 13% [28]. A recent study con-
ducted in another Italian large University hospital reported 
full susceptibility to echinocandins of non-albicans Candida 
spp. and one resistant C. albicans isolate (1.8%) [29].

We also reported fluconazole resistance of C. glabrata 
to be about 30% [28]. Data from a multicenter study in five 
tertiary care teaching hospitals in Italy and Spain reported 
fluconazole resistance of C. glabrata to be 45.6% [9].

The present study had several limitations: the study is 
retrospective and clinical data were not evaluated. It was 
not possible to associate the isolates to a clinical status or 
to value the risk factors associated with a single species. 
Further studies are needed to clarify the role of improve-
ment in CVC management and the increasing echinocandin 
use in the observed trend of candidemia. To the best of our 
knowledge, no studies have been performed to study about 
the relationship between K. pneumoniae and Candida spp. 
epidemiological trends.

Other limitation of our study was represented by missing 
data of some susceptibility test results.

In conclusion, our data describe C. albicans as the first 
cause of candidemia in all the studied settings and the low 
rate of echinocandin resistance, despite their increased use 
over the study period. ICU was confirmed as the setting with 
the highest incidence of candidemia.
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Fig. 5   Consumption of antifungal drugs from 2005 to 2016. In y-axis, defined daily dose for 10,000 hospital days is reported
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