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Abstract

Purpose The aim of the present study was to analyze candidaemia’s epidemiology (incidence, species distribution, and
susceptibility rates) and antifungal consumption during a 9-year period.

Methods All candidaemias recorded at The University General Hospital of Patras, Greece, between 2009 and 2017 were
included. Candida isolates were identified using the germ tube test, API 20C AUX System, and/or Vitek-2 YST card. Anti-
fungal susceptibility was determined by the gradient method according to CLSI.

Results During the study period, 505 episodes of candidaemia were observed with an overall incidence of 1.5 episodes per
1000 hospital admissions (1.1 episodes in 2009 to 1.9 in 2017: P 0.038, r 0.694). C. albicans was the leading cause (200
cases; 39.6%), followed by C. parapsilosis (185; 36.6%), C. glabrata (56; 11.1%), C. tropicalis (50;9.9%), C. krusei (8; 0.2%),
C. lusitaniae (5; <0.1%), and C. guilliermondii (1; <0.1%). Overall resistance to fluconazole, voriconazole, anidulafungin,
caspofungin, and micafungin (according to CLSI) were 11.6%, 4.1%, 2.0%, 6.0%, and 0.8%, respectively. The overall con-
sumption of antifungal drugs was stable, with a significant reduction of fluconazole’s use in favor of echinocandins.
Conclusions An increase in the incidence of candidaemia and a predominance of Candida non-albicans due to decreasing
use of fluconazole in favor of more potent antifungals, such as echinocandins, are reported in this study.
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Introduction

Candida spp. remain an important cause of hospital acquired
bloodstream infection (BSI) as shown by a point prevalence
study in European hospitals during 2011-2012, where Can-
dida spp. accounted for the 7.4% of such infections being the
sixth most common pathogen [1]. During the last 2 decades,
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an increase in candidaemias’ incidence has been constantly
reported with a parallel change in Candida spp. epidemiol-
ogy worldwide. Specifically, a decrease of C. albicans in
favor of Candida non-albicans (CNA) is reported by many
centers [2-5]. Distribution of CNA depends on the geo-
graphical region with C. glabrata being the most common
species in Central and North Europe, as well as, in North
America, while C. parapsilosis in South Europe and South
America [6, 7].

The previous exposure to certain antifungal classes affects
species distribution. For example, fluconazole administra-
tion had led to selection of Candida spp. with reduced sus-
ceptibility to fluconazole such as C. krusei and C. glabrata,
while echinocandin administration was a predisposing factor
for C. parapsilosis’ candidaemia [3, 8, 9].

Epidemiologic data on candidaemia during the last dec-
ade in Greece are limited with most studies focusing on a
special population, such as patients with haematological
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malignancies or those hospitalized in adult Intensive-Care
Units (ICU) or neonatal ones (NICU) [9-13]. Aforemen-
tioned studies show an important shift towards CNA can-
didaemias, as compared to studies before 2008 where C.
albicans predominated [14, 15].

A previous 11-year study (1998-2008) of candidaemias
was performed in our University Hospital in southwestern
Greece, which reported 255 candidaemias with C. albicans
being the leading cause (163 cases; 64%) [14]. The present
study aims to analyze the trends in the incidence of candi-
daemia, in association with susceptibility rates and antifun-
gal consumption, in the same hospital during the last 9 years
(2009-2017).

Materials and methods

This is a retrospective study, carried out at the University
General Hospital of Patras (UGHP), Greece, during a 9-year
period (2009-2017). The UGHP is a 770 bed tertiary care
hospital with approximately 36,700 admissions per year.
The adult ICU comprises of 13 beds and hospitalizes 338
patients per year. Data (age, sex, and 14- and 28-day mortal-
ity) of ICU patients with candidaemia were collected.

Identification and antifungal susceptibility testing

Positive blood cultures (Bact/Alert 3D, bioMerieux, Marcy
I’Etoile, France) were inoculated onto Sabouraud dextrose
agar. Plates were incubated at 37 °C for 96 h before assessed
as negative. Yeast positive cultures were evaluated and a
germ tube test was undertaken to quickly differentiate C.
albicans from CAN. All yeasts were identified to species
level using the API 20C AUX System (bioMerieux) or
Vitek 2 YST card (bioMerieux). Antifungal susceptibility
was determined by Etest (AB Biodisk, Solna, Sweden) on
RPMI-2% glucose agar, and minimum inhibitory concentra-
tions (MIC) of amphotericin B, fluconazole, voriconazole,
posaconazole, anidulafungin, caspofungin, and micafungin
were evaluated according to Clinical & Laboratory Stand-
ards Institute (CLSI) criteria [16].

Antifungal consumption

Overall antifungal consumption of liposomal amphotericin
B, azoles (fluconazole, voriconazole, and posaconazole), and
echinocandins (anidulafungin, caspofungin, and micafungin)
was calculated using the defined daily dose (DDD) per
100-patient-days, as described by the WHO ATC/DDD [17].
Consumption data were collected from the Pharmacology
Department.
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Statistic analysis

Statistic analysis was performed with SPSS version 23.0
(SPSS, Chicago, IL, USA). Categorical variables were ana-
lyzed using the Fisher’s exact test. The MIC trends and the
antibiotic consumption over the 5 years were assessed using
Spearman’s correlation analysis. A P value <0.05 was con-
sidered significant.

Results
Epidemiology

During the study period, 505 candidaemias were observed
among 478 patients. Twenty-seven patients developed two
episodes of candidaemia, either by the same species in more
than 60 days apart or by different one. Overall incidence rate
was 1.5 episodes per 1000 hospital admissions ranging from
1.1 episodes in 2009 to 1.9 in 2017 (P 0.038, r 0.694). The
higher incidence was observed in the ICU (37.6 episodes
per 1000 ICU admissions). The rate also showed a steady
increase from 19.7 in 2009 up to 66.4 in 2017 (P 0.010, r
0.800). Fourteen- and 28-day mortality of ICU patients with
candidaemia was 21.6% and 37.8%, respectively. Mortal-
ity was associated with older patients (55.9 years + 18.7 vs
64.8 years + 13.7; P 0.041), while candidaemia due to C.
parapsilosis was associated with a better survival as com-
pared to other species (25.0% vs 50.6%; P 0.036).

Species distribution

C. albicans was the leading cause (200 cases; 39.6%), fol-
lowed by C. parapsilosis (185; 36.6%), C. glabrata (56;
11.1%), C. tropicalis (50; 9.9%), C. krusei (eight; 0.2%),
C. lusitaniae (five; <0.1%), and C. guilliermondii (one;
<0.1%).

Department distribution

Most candidaemias occurred to patients hospitalized in
medical wards (238 cases; 47.1%), followed by surgical
wards (117; 23.2%), adult ICU (111; 22.0%), and NICU
(39; 7.7%). Table 1 depicts the species and department dis-
tribution of candidaemias. Adult and neonatal ICU showed
higher rate (P <0.001) of C. parapsilosis (45.5% and
64.1%, respectively) as compared to medical and surgical
wards (32.4% and 28.8%, respectively). During the study
period, an increase of candidaemias was observed (P 0.015,
r0.773). This is due to an increase of C. albicans (P 0.004,
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Table 1 Distribution of
Candida spp. according to
hospital department

Species All (n=505) Medical wards Surgical wards ICU (n=111;22.0%) Neonatal ICU
(n=238; (n=117; (n=39;7.7%)
47.1%) 23.2%)

C. albicans 200 (39.6%) 101 (42.4%) 52 (44.4%) 39 (35.1%) 8 (20.5%)

C. non-albicans 305 (60.4%) 137 (57.6%) 65 (55.6%) 72 (64.9%) 31 (79.5%)

C. parapsilosis 185 (36.6%) 77 (32.4%) 33 (28.2%) 50 (45.5%) 25 (64.1%)

C. glabrata 56 (11.1%) 30 (12.6%) 13 (11.1%) 11 (9.9%) 2(5.1%)

C. tropicalis 50 (9.9%) 23 (9.7%) 16 (13.7%) 9 (8.1%) 2(5.1%)

Other species® 14 (2.8%) 7(2.9%) 3(2.6%) 2 (1.8%) 2(5.1%)

ICU Intensive-Care Unit

*Eight C. krusei, five C. lusitaniae, and one C. guilliermondii

r 0.845), C. parapsilosis (P 0.030, r 0.717), and C. tropicalis
(P 0.023, r 0.740). Figure 1 depicts the annual episodes of
candidaemia.

From June to December 2014, two C. parapsilosis BSI
outbreaks were observed at the same time period in adult
ICU (11 cases; 22.0% of all C. parapsilosis BSI in ICU)
and in NICU (nine cases; 36.0% of all C. parapsilosis BSI
in NICU). Both epidemics were successfully controlled
by reinforcing hand hygiene policies, as well as refresh-
ing courses to the staff of both units for compliance with
infection control practices and handling of central venous
catheters.

Antifungal susceptibility

MIC to antifungals and rates of susceptibility accord-
ing to CLSI are depicted at Table 2. Overall resistance to
fluconazole, voriconazole, anidulafungin, caspofungin,
and micafungin were 11.6%, 4.1%, 2.0%, 6.0%, and 0.8%,
respectively. Only one isolate (C. lusitaniae) had an MIC
of 2 mg/L to amphotericin B. During the study period, an
increase of MIC to amphotericin (P 0.013,  0.110), flucona-
zole (P <0.001, r 0.359), voriconazole (P <0.001, r 0.405),
and posaconazole (P <0.001, r 0.359) was observed, while
no trend concerning echinocandins was detected.
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Fig.1 Annual episodes of candidaemia and species distribution. Other species: Eight C. krusei, five C. lusitaniae, and one C. guilliermondii.
White numbers: episodes of candidaemia due to C. albicans; black numbers: episodes due to C. non-albicans
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Table 2 (continued)

MIC,, CLSI

MIC (mg/L)

1/SDD (%) R (%)

S (%)

>8

2

1.5

0.002 0.004 0.008 0.016 0.032 0.064 0.094 0.125 0.19 0.25 038 0.5 0.75 1

Ob

1(12.5)°

7 (87.5)°

Candida spp.*

Micafungin

2(1.0)

193 (96.5) 5 (2.5)
185 (100) 0
5(8.9)

0.19
0.5
0.5

10
44

14 40 63 12 14 22
28

7

1

C. albicans

16

21

33

19
13
13

C. parapsilosis

2(3.6)
0

49 (87.5)
2 (4.0)
Ob

18

C. glabrata

48 (96.0)
8 (100)°

0.25

C. tropicalis

Ob

Candida spp.?

S susceptible,  intermediate, SDD susceptible-dose dependent, R resistant, ND not defined breakpoints

#Eight C. krusei, five C. lusitaniae, and one C. guilliermondii

bSusceptibilty rates are calculated only for C. krusei

Antifungal consumption

The overall consumption of antifungal drugs was stable dur-
ing the study period with a mean of 1451.6 DDD per 10,000
patient-days. The consumption of fluconazole diminished
significantly from 591.2 in 2009 to 186.7 DDD per 10,000
patient-days (P 0.007, r —0.821), whereas consumption of
all echinocandins increased significantly from 62.4 in 2009
to 311.1 DDD per 10,000 patient-days (anidulafungin:
P <0.001, r 0.959; caspofungin: P <0.001, r 0.880;
micafungin: P <0.001, » 0.981). Consumption of ampho-
tericin B, voriconazole, and posaconazole did not change
significantly during the study period. Figure 2 shows the
annual consumption of each antifungal category.

Discussion

Our data show an increase of overall incidence of candi-
daemia during the study period, which is in accordance to
the previous studies from different geographical areas [2,
3,5, 18-20]. The incidence reported in the present study is
comparable to that from Italy and Taiwan (1.1-2.2 episodes
per 1000 hospital admissions) [3, 4, 20], while it is signifi-
cantly higher as compared to that reported from Norway,
Denmark, Italy, and Spain (0.2-0.9 episodes per 1000 hos-
pital admissions, respectively) [5, 18, 19, 21]. Moreover,
the incidence determined in the present study was higher
than that reported in a previous publication from our institu-
tion (0.5 episodes per 1000 hospital admissions) during an
11-year period (1998-2008) [14]. This difference is mainly
due to an abrupt and ongoing increase of CNA between 2008
and 2009 [14]. In the previous studies from the adult ICU
of the UGHP, KPC-producing K. pneumoniae infection was
an independent factor for the development of candidaemia
by non-albicans species [9]. KPC-producing K. pneumo-
niae was isolated in our hospital in 2008. From 2009, it
became endemic with increasing yearly incidence, which
can explain this abrupt shift of candidaemias’ epidemiology
and its increasing annual incidence [22].

Candida albicans remains the most common cause of
candidaemia in our hospital and worldwide. However,
there is high discrepancy among studies from different geo-
graphical areas, with rates surpassing 50% in North and
Central Europe or studies conducted before 2010, whereas
rates below 50% were reported in more recent ones (after
2010) from south Europe [6, 7]. In accordance to the lit-
erature, C. albicans’ incidence is declining over time in
favor of CNA species, especially C. parapsilosis [2—4]. In
the present study, C. parapsilosis was the predominant spe-
cies among CNA and the cause of 36.6% of all candidae-
mias, as compared to only 13.3% in our institution during
1998-2008 [14]. In the literature, C. parapsilosis and C.
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Fig.2 Annual antifungal consumption in defined daily doses (DDD) per 100 patient-admissions. /V intravenous, PO per os

glabrata represent the second or third most common spe-
cies, depending on the area or the patient population [6, 7].
C. parapsilosis is predominant in neonates, in South Europe
and Asia, and has a high propensity to cause catheter-asso-
ciated BSI and to provoke outbreaks, while the elderly and
those with abdominal surgery are more prone to infection by
C. glabrata [6, 7, 23].

An outbreak provoked by C. parapsilosis was observed
simultaneously during the second half of 2014 in the adult
and neonatal ICU of our hospital. As reported, C. parapsi-
losis has the ability to provoke outbreaks in such units with
most reports coming from NICUs [24, 25]. Molecular stud-
ies from the previous outbreaks showed that genotypes of
infecting isolates were commonly isolated from health care
workers hands [24, 25]. Since these exogenous isolates can
been transferred from health care workers to patients’ skin
or to indwelling devices (central venous catheter, arterial
catheters, etc) during manipulation, reinforcing infection
control practices including hand hygiene and handling of
central venous catheters are imperative. These practices were
successful in controlling the epidemic which was abated
6 months later in the aforementioned departments.

In accordance to the literature, 28-day mortality of ICU
candidaemias was 37.8% [3, 10, 20, 21]. As shown in the
previous studies, C. parapsilosis BSI was associated with
lower mortality (25.0% vs 50.6%; P 0.036) as compared to
all other species [3]. Pfaller et al. analyzed 3648 patients
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with candidaemia from North America showed that C.
parapsilosis had the lowest 30-day mortality (22.1%) as
compared to each other species (>30%) [26]. This may be
partially explained by the fact that since most infections
caused by C. parapsilosis are catheter-related, the source
of infection can be more easily identified and eliminated by
removing the infected catheter [21].

Overall resistance to fluconazole is high (11.6%) and may
partially explain the annual decrease in its consumption in
favor of echinocandins. The other explanation is that echino-
candins are associated with better outcome than fluconazole.
Thus, they remain the first-line treatment of these infections
with the exception C. parapsilosis where the use of flucona-
zole might be preferable [27]. This increase in echinocan-
dins’ utilization during the last decade was reported from
other countries [28, 29]. Echinocandins resistance was low
(anidulafungin: 2.0%, caspofungin: 6.0%, and micafungin:
0.8%) in accordance to the previous studies [3, 4], even
though their use was increasing annually. In the contrary, a
study from a French ICU showed that the increase in caspo-
fungin utilization from 2004 to 2013 led to an increase of
caspofungin’s MICs among Candida spp. [28]. An eventual
consequence of the increasing utilization of echinocandins
might be the predominance of CAN and especially C. par-
apsilosis, since it exhibits reduced susceptibility to such
antifungals [8, 10]. Fluconazole’s resistance rate of the pre-
sent study was higher to those previously reported from our
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Institution or from other European countries [3, 5, 14, 19].
Caspofungin resistance is higher as compared to other echi-
nocandins. However, there is major concern in interpreting
such results, since high rates of false caspofungin resistance
have been reported [30].

Limitations of the present study include the absence of
clinical data to identify potential risk factors for the devel-
opment and predictors of mortality of these infections.
Antifungal consumption reflects treatment of all types
of infection, not only candidaemia, as well as prophylac-
tic administration. Another limitation was the absence of
molecular studies of Candida spp. isolates, especially those
recovered during the ICU and NICU outbreak.

In conclusion, this study is providing useful data on
the shifting epidemiology of candidaemia in southwestern
Greece with an increase in its incidence and a predominance
of CAN, especially C. parapsilosis over C. albicans. The
predominance of CNA can explain the increasing MIC to
azoles during the study period and the decreasing use of
fluconazole in favor of more potent antifungals such as echi-
nocandins, which also exhibit low resistance rates. Local
antifungal susceptibility studies are important to monitor
the epidemiology of candidaemia and also the susceptibility
rates of Candida spp. to guide empirical treatment.
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