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Abstract Invasive candidiasis and candidemia
remain a significant public health concern. The
European Confederation of Medical Mycology
(ECMM) conducted three pan-European multicentre
studies from 1997 to 2022 to investigate various
aspects of invasive Candida infections. These
studies revealed shifting trends in Candida species
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distribution, with an increase of non-albicans
Candida species as causative pathogens, increasing
rates of antifungal resistance, and persistently high
mortality rates. Despite advancements in antifungal
treatment, the persistently high mortality rate and
increasing drug resistance, as well as limited drug
access in low-income countries, underscore the
need for continued research and development in
the treatment of Candida infections. This review
aims to summarize the findings of the three
completed ECMM Candida studies and emphasize
the importance of continued research efforts.
Additionally, it introduces the upcoming ECMM
Candida 1V study, which will focus on assessing
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candidemia caused by non-albicans Candida species,
including Candida auris, investigating antifungal
resistance and tolerance, and evaluating novel
treatment modalities on a global scale.

Keywords Candida - Candidemia - European
Confederation of Medical Mycology (ECMM)

Introduction

The incidence of invasive fungal infections has
strongly increased over recent decades, with Candida
species remaining the primary cause of invasive
nosocomial fungal infections [1-3]. Candidemia
remains the most common bloodstream fungal
infection in hospitalized patients, affecting male and
female individuals alike [4, 5]. Globally, candidemia
accounts for approximately 700,000 cases annually
[6, 7], with a cumulative incidence of 7.07 episodes
per 1000 intensive care unit (ICU) admissions in
Europe and a remarkably high 90-day mortality rate
of 43% [7-9]. At least 15 different Candida species
are known to cause infections in humans, but the most
common species responsible for invasive infections
are C. albicans, C. glabrata (Nakaseomyces
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glabratus), C. parapsilosis, C. tropicalis and C. krusei
(Pichia kudriavzevii) [3, 10]. While C. albicans
remains the most common species causing infections,
there has been a notable increase in non-albicans
Candida species [8, 11]. Geographic location, patient
demographics, and clinical environments influence
the prevalence of these species [32, 33].

Of particular interest is the emergence of C.
auris, which is thought to have evolved from a
plant saprophyte in specialized ecosystems such as
wetlands [12] and adapted to higher temperatures
as a result of climate change, making it a human
pathogen. The species was first documented in Asia
in 2009 [13, 14] has since spread worldwide and has
become a fungal pathogen of critical importance [15,
16]. Since its first description, C. auris infections
have been reported in more than 40 countries with
a high mortality rate of 30-60% [17]. Of particular
concern is the increase in echinocandin-resistant C.
auris strains, as echinocandis are used as a first-line
treatment for invasive Candida infections, including
C. auris [16].

Important risk factors making individuals
susceptible to Candida infections include diabetes
mellitus, advanced age, prolonged antibiotic use,
haemodialysis, the presence of central-venous
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catheter (CVC), immunosuppressive therapy,
invasive procedures, prolonged hospital stay or ICU
admission, mechanical ventilation, total parenteral
nutrition, transplantation and chemotherapy [5, 11,
18].

To investigate epidemiology, resistance, and
other aspects of invasive candidiasis (IC) the
European Confederation of Medical Mycology
(ECMM) conducted three pan-European multicentre
studies between 1997 and 2022 [19-21].

Before 1997, most data on Candida bloodstream
infections were collected in studies carried out
in the USA. Therefore, the ECMM  initiated
the first multicentre study aimed to update the
epidemiological and mycological profile of
candidemia across Western Europe [19].

Recognizing the lack of data on surgical ICU
patients the ECMM initiated the second multicentre
study on IC, focusing on this subgroup [20]. In
2018, the ECMM introduced the Quality of Clinical
Candidemia Management (EQUAL Candida) score
as the first published score quantifying diagnostic
and therapeutic clinical management quality [22].
The score summarizes key recommendations of
international clinical guidelines for diagnosing and
managing candidemia, which aim to enhance patient
outcomes and survival; however, their impact has
rarely been assessed. Although single-centre studies
have demonstrated the EQUAL Candida score’s
ability to predict mortality in CVC associated
candidemia [23] and candidemia caused by C.
tropicalis [24], larger multicentre assessments were
lacking. To address this gap, the ECMM conducted
the third pan-European multicentre study spanning
from 2018 to 2019 [21]. The objective was to assess
the correlation between adherence to guideline
recommendations for managing candidemia and
outcomes.

All three studies have provided valuable
insights into Candida infections, including species
distribution, antifungal resistance, and the treatment
efficacy. This review aims to summarize the findings
of these studies and underscore the importance of
continued research, leading to the initiation of the
Candida 1V study. Candida TV will focus on non-
albicans Candida species, evaluating antifungal
resistance and tolerance on a global scale.

Study Methodologies

Each ECMM study followed a multicentre,
prospective design, enrolling patients with invasive
Candida infections across multiple European
countries within a defined observation period.
The studies collected comprehensive data on
patient  demographics, underlying conditions,
microbiological characteristics, antifungal therapy,
and clinical outcomes, and were all approved by
the respective ethical committees. Robust statistical
analyses were conducted to assess temporal trends
and identify factors associated with outcomes.

The first study, conducted from 1997 to 1999
[19], primarily focused on epidemiological data of
candidemia based on hospital records. Patient data
were collected over a 30-day surveillance period,
with each hospital providing the first isolate obtained
for each episode of candidemia. Subsequent analysis
of these isolates was conducted at the participating
hospitals. During this study no susceptibility testing
or other testing was performed.

Building on the first initiative, the second study
focused on the impact of IC, particularly in surgical
intensive care patients [20]. This study aimed
to understand IC characteristics, document its
epidemiology, and identify factors associated with
mortality. It highlighted changes in the Candida
species causing infections and emphasized the
importance of surveillance studies, particularly
focusing on surgical intensive care patients, who
have often been overlooked in previous studies [5-7].
Candida isolates were identified at species level in
the laboratories of each institution using standard
methods. Susceptibility testing was not performed.

The most recent study, conducted from 2018 to
2022 (cases collected during a 1-year observation
period between mid-2018 and mid-2019), aimed to
provide a comprehensive and representative picture
of culture-proven candidemia in Europe, by limiting
enrolment per country and participating hospitals
according to population size [21]. This multicentre
observational cohort study collected extensive data on
epidemiology, risk factors, species distribution, anti-
fungal susceptibility profiles, treatment approaches
and patient outcomes from 632 participants with a
median age of 65 years. The study focused on adher-
ence to guideline recommendations and their impact

@ Springer



70 Page 4 of 14 Mycopathologia (2024) 189:70

A &

["] Countries participating only in Candida Il
M Countries participating in Candida Il & IlI
M Countries participating in all three studies
*Countries participating only in Candida Il

Country Study Candida I (1997-1999) | Candida Il (2006-2008) | Candida IIl (2018-2022)

Austria erma > 0

Belarus 2
Belgium 20
Czech Republic
Finland

France 645

Germany 231 (incl. Austria)
Greece
Hungary
Ireland

Italy
Netherlands
Portugal
Russia

Serbia
Slovakia
Slovenia
Spain
Sweden

Switzerland

Turkey
United Kingdom

@ Springer



Mycopathologia (2024) 189:70

Page 50f 14 70

«Fig. 1 Participating European countries in the three ECMM
Candida studies and numbers of included cases

on clinical outcomes [21]; in addition, antifungal sus-
ceptibility testing was performed centrally.

Definitions

In the first study, candidemia was defined by the
isolation of Candida species from one or more blood
cultures in patients exhibiting clinically relevant signs
and symptoms. Additionally, the study accounted
for mucous membrane colonization, particularly if
stool and/or oropharyngeal samples had been tested
for Candida spp. within the 2 weeks preceding the
candidaemic episode [19]. In the second study [20],
invasive candidiasis with or without candidemia was
defined as a positive culture for Candida obtained
from blood or other sterile body sites, following the
2008 EORTC/MSG criteria [25]. The most recent
study [21] defined candidemia according to 2012
ESCMID criteria [26].

Countries Participating in Each Study

The initial study [19] focused on the epidemiology
of candidemia across seven European countries:
Austria, Germany, France, Italy, Spain, Sweden,
and the UK. Participating hospitals were selected
by national coordinators based on their capacity
to comprehensively document all candidemia
episodes occurring during the observation period.
The coordinators played a crucial role in ensuring
compliance with study protocols and data collection
procedures. A total of 2,089 cases of candidemia were
documented by 106 institutions during the 28-month
study period.

The second ECMM survey [20] shifted its focus
to exclusively investigate invasive Candida infections
in surgical patients within European intensive care
units (ICUs). Expanding its reach, the prospective
study included 14 European countries with additional
participating countries including Czech Republic,
Finland, Germany, Greece, Hungary, the Netherlands,
Portugal, and Turkey. Similar to the first study the
participating centres were selected via national
coordinators who collaborated with ICU colleagues

to enrol a total of 779 surgical ICU patients with
invasive candidosis. Clinicians and mycologists
completed a standardized questionnaire for each case,
with patients assigned code numbers by the national
coordinator to maintain anonymity.

The third study [21] examined epidemiological
data, risk factors, antifungal susceptibility profiles,
treatment, and outcomes of patients with culture-
proven candidemia across 64 institutions in 20
European countries. Participating hospitals were
selected by ECMM council representatives of
each participating country serving as national
coordinators, and in addition via the EPICOVIDEHA
[27], an international open web-based registry for
patients with hematological malignancies infected
with SARS-CoV-2 and FungiScope [28] networks
and among the ECMM Global Guidelines contributor
and fellow groups [29]. Enrolment in the study
varied based on country size: countries with over 50
million inhabitants recruited patients from up to ten
hospitals, while those with populations between 25
and 50 million recruited from up to four hospitals.
Countries with populations below 25 million
recruited patients from up to two hospitals each.
The primary objective was to assess the association
between guideline adherence and outcomes, with a
secondary objective of evaluating the epidemiology,
risk factors, treatment, and outcomes of candidemia
patients across Europe.

Participating countries during the three ECMM
Candida studies and the number of the included cases
per country and study are illustrated in Fig. 1.

Key Results of the Studies

At the time of its publication, ECMM Candida 1
was the first multicentre study worldwide. This
prospective study documented 2,089 cases across 106
institutions over a 28-month period in seven European
countries [19]. Although C. albicans was the most
frequently identified pathogen, accounting for 56%
of infections, the, compared to previous studies, high
proportion of non-albicans species (43.6%) was noted
[19]. Most infections occurred in younger patients,
with only 28% observed in patients over 70 years old,
while children under the age of one accounted for
only 7.6% of cases [19].

@ Springer
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A total of 779 patients, with a median age of 63,
were enrolled from 72 ICUs across 14 European
countries into ECMM Candida I1. Among all patients
enrolled, 10.8% were infected with Candida before
ICU admission, while an additional 8.7% developed
the infection within 48 h post admission. In 80.5%
of surgical patients, the infections occurred more
than 48 h after admission to the ICU and was then
classified as ICU-acquired. In 57 participating ICUs,
the median rate of candidemia was nine cases per
1000 admissions following surgery [20].

In ECMM Candida 11 independent baseline
predictors of mortality included increasing age, ICU
admission, high Charlson comorbidity index scores,
and infection with C. tropicalis. The study revealed a
persistently high 90-day mortality rate of 43% across
Europe. Lower adherence to guidelines was linked
to higher mortality rates, underlining the importance
of guideline compliance in managing candidemia
successfully. Additionally, the study found that first-
line treatment of candidemia with echinocandins,
while associated with better overall survival rates,
also led to prolonged hospital stays solely for
completing parenteral echinocandin treatment. This
was primarily due to the lack of oral antifungal
alternatives or new antifungals with a longer half-life
at the time the study was conducted [30].

Candida Species Distribution

In recent decades, a shift from C. albicans as the pri-
mary pathogen to non-albicans Candida species has
been increasingly observed. This observation was
also confirmed in the three ECMM studies, as shown
in Fig. 2.

The third ECMM study also evaluated antifungal
resistance in candidaemia across FEurope [21].
Acquired fluconazole resistance was common
in C. glabrata (N. glabratus) and emerging in
C. parapsilosis, particularly in southern Europe,
indicating a concerning trend [31]. Azole resistance
often involves multiple factors, e.g. target gene
mutations, upregulation and efflux pumps, which
usually develop over a period of months [32, 33].
Additionally, rare instances of acquired echinocandin
resistance were identified in Candida 111, including
an echinocandin resistant C. parapsilosis isolate [31].
Resistance to echinocandins is usually associated
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Fig.2 A Species distribution (number of common isolates)
during the three ECMM Candida studies, B species distribu-
tion (number of rare isolates) during the three ECMM Candida
studies

with hotspot mutations in the target genes fks/ and
fks2, especially at subtherapeutic drug levels and
biofilm formation [31].

Rarely identified Candida species are depicted in
Fig. 2B, with causative species differing based on the
patients’ underlying condition.

Candida albica

Across all three studies, C. albicans consistently
continues to be the most prevalent causative agent
for invasive Candida infections and was also the
predominant species detected on catheters during
Candida 11 [19-21]. However, its prevalence
decreased over time, from 56.4% in the initial
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study [19], 54% in ECMM Candida 11 [20], and
further to 46% in the most recent ECMM Candida
III study [21]. This observation is also in line with
other publications over the past decades [34, 35].
Mixed infections involving both C. albicans and
C. glabrata (N. glabratus) were most commonly
observed in the first study [19]. While C. albicans
remained the predominant causative species, other
species were frequently isolated as well, particularly
among patients with haematological malignancies,
underscoring the significance of non-albicans
Candida strains [19].

In the second study, the time from ICU admission
to the first positive blood culture was on average
10 days for C. albicans [20]. The mortality rate
associated with C. albicans was 36.8% in the
second study. Notably, the prevalence of C. albicans
was highest in southern Europe, followed by C.
parapsilosis and C. glabrata (N. glabratus) [20].

Candida glabrata (Nakaseomyces glabratus)

Candida glabrata (N. glabratus) is of particular
significance due to its intrinsic reduced susceptibility
to fluconazole and genuine fluconazole resistance
observed in varying rates. During the first study
period, C. glabrata (N. glabratus) was predominantly
observed in surgical patients (16.3%), ICU patients
(11.9%) and those with solid tumours (15.9%) [19].

There was a notable rise in C. glabrata infections
with increasing age, escalating from 3 to 19% [19].
In the second study, C. glabrata (N. glabratus) was
isolated in 13.8% of all cases with a median ICU
stay of 18 days. The time from ICU admission to
the first positive blood culture was seven days,
with an associated mortality rate of 43.6% [20].
C. glabrata (N. glabratus) was frequently isolated
following abdominal surgery, with neurosurgical
patients exhibiting lowest rates [20]. The prevalence
of C. glabrata (N. glabratus) increased with age
(> 60 year), reaching 71.8% [20]. The pathogen was
more commonly found in northern Europe [20]. In
the third study, 12% of C. glabrata (N. glabratus)
isolates exhibited fluconazole resistance, with the
highest rates observed in Belgium, Czech Republic,
Italy, Sweden, Turkey, and the UK. Notably, six of
these resistant isolates also displayed cross-resistance
to voriconazole.

Candida parapsilosis

In the first study, C. parapsilosis was predominantly
reported in premature neonates (28.8%) and patients
with haematological malignancies (14.8%) [19].
Among these groups, C. parapsilosis infections were
the leading cause of candidemia. With increasing
patient age, the incidence of C. parapsilosis infection
decreased from 28-33% to 6.9% [19].

In the second study, C. parapsilosis accounted for
18.5% of all cases [20], primarily affecting thoracic,
neurosurgical, solid organ transplant and polytrauma
patients [20].

Additionally, the species was associated with the
colonization of catheters, neurosurgery, polytrauma,
and infections in children under the age of 1 year
[20]. The median time from ICU admission to the first
positive blood culture was 16 days, with a mortality
rate of 36.2% [20].

In the third study, C. parapsilosis was identified
as the causative pathogen in 13% of all infections
[21]. The emergence of fluconazole-resistant C.
parapsilosis poses a major future risk for patients
with candidemia. In the third study, fluconazole
resistance was found in 17% of C. parapsilosis
isolates, primarily from Greece, Italy, and Turkey.
Echinocandin resistance was rare and detected
in one isolate from Turkey, all resistance to both
anidulafungin and micafungin and harbouring fks
gene alteration. This echinocandin-resistant C.
parapsilosis strain was also resistant to fluconazole,
indicating  multidrug resistance.  Additionally,
fluconazole and voriconazole cross-resistance was
prevalent in C. parapsilosis, similar to C. glabrata
(N. glabratus), albeit with differing geographical
distributions [31].

Candida tropicalis

C. tropicalis was consistently detected across
all three studies, accounting for 7.2% of cases in
the first study [19]. Notably, it was linked to the
highest mortality rates (45%) [19]. In the second
study it was isolated in 6% of all patients with
invasive candida infections [20], with a crude
mortality rate of 26.8% [20]. During the third
study it was identified as the causative pathogen
in 7% of all cases [21]. Beside other risk factors,
the presence of C. tropicalis as causative pathogen

@ Springer
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emerged as an independent baseline predictor
of candidemia mortality [21]. In the third study,
fluconazole resistance was observed in 4% of
C. tropicalis isolates, with varying distributions
across Europe. Echinocandin resistance was rare,
with no reported cases in C. tropicalis isolates.
However, fluconazole resistance was detected in a
small percentage of C. tropicalis isolates [31].

Candida krusei (P. kudriavzevii)

In the initial study, C. krusei (P. kudriavzevii)
was predominantly isolated from patients with
haematological malignancies [19]. Subsequently, in
the second study, this pathogen accounted for 2.5%
of all invasive isolates. Of all the species isolated
in the second study, it had the shortest median time
to the first positive blood culture at 6 days, with
an associated mortality rate of 57.9% [20]. The
third study indicated that 3% of all infections were
caused by C. krusei (P. kudriavzevii), representing
a slight increase compared to the findings of the
second study [20, 21].

Table 1 Species distribution Candida 1 to Candida 111

Candida auris

The species was only identified during the third
ECMM study, Candida 111, as a causative pathogen in
2.6% of cases [21] (Table 1).

Risk Factors for the Development of Invasive
Candida Infection

Several key risk factors and underlying diseases
have been identified contributing to the development
of invasive Candida infections in the three ECMM
Candida studies (1997-2022) [19-21]. These factors
include advanced age, major surgery, ICU admission,
solid tumours, haematological and oncological malig-
nancies, solid organ transplantation, corticosteroid
use, total parenteral nutrition, use of CVCs and burns
[19-21]. In the second study, which focused only on
ICU patients, additional factors such as the use of
broad-spectrum antibiotics in the previous 2 weeks
(78.4%), rheumatologic disease (3%), steroid use in
the previous 2 weeks (22.6%) and dialysis (18.2%)
further contributed to the risk profile [20]. All risk
factors that were present in all three ECMM studies

Causative species Candida 1 Candida 11 Candida 111
N (%) N (%) N (%)

C. albicans 1178 56.4 436 54.0 287 454
C. glabrata (N. glabratus) 284 13.6 111 13.8 133 21.0
C. parapsilosis 278 13.3 149 18.5 83 13.1
C. tropicalis 152 7.3 49 6.1 46 7.3
C. krusei (P. kudriavzevii) 40 1.9 20 2.5 16 2.5
C. guilliermondii (Meyerozyma guilliermondii) 30 14 5 0.6 6 0.9
C. lusitaniae (Clavispora lusitaniae) 15 0.7 14 1.7 6 0.9
C. auris - - - - 16 2.6
C. kefyr (Kluyveromyces marxianus) 10 0.5 2 0.2 5 0.8
C. pelliculosa (Wickerhamomyces anomalus) 9 0.4 3 0.4 2 0.3
C. dubliniensis 6 0.3 9 1.1 10 1.6
Other 51 24 22 2.7 11 1.7
Unidentified 9 0.4 - - 13 2.1
Total 2089 807 632

N =Number of isolates; Other: Candida I: C. famata (Debaryomyces hansenii) (n=7), C. lipolytica (Yarrowia lipolytica) (n=06), C.
norvegensis (Pichia norvegensis) (n=35), C. inconspicua (Pichia cactophila) (n=4), C. utilis (n=2), C. sake (n=2) Candida II: C.
ciferrii (n=4), C. haemoloni (n=2), C. lambica (Pichia fermentans) (n=1), C. humicola (n=1) Candida III: C. norvegensis (Pichia
norvegensis) (n=1), C. digboenis (n=1), C. rugosa (n=3), C. inconspicua (Pichia cactophila) (n=2), C. famata (Debaryomyces

hansenii) (n=2)
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are highlighted in Fig. 3 and listed in Table 2 (Sup-
plementary files).

The majority of these risk factors were also
identified by other studies [8, 36, 37]. Observations
from all three studies, as well as other sources,
highlighted that candidemia appears to be more
prevalent in males across all age demographics
[19-21, 38-40].

Mortality

An alarmingly high mortality rate was observed in
all three ECMM studies. The first study reported
a crude mortality rate at day 30 of 37.9%, with
highest rates for C. glabrata (N. glabratus) and
C. tropicalis [19]. Increased mortality rates were
particularly noted in patients of advanced age,
those with cancer (especially with hematological

malignancies) and patients in ICU. This underlines
the influence of underlying medical conditions on
mortality rates [19].

The second study yielded similar findings, with a
crude mortality rate of 38.8% at day 30, with infants
aged 3-12 months experiencing the highest mortality
rates, reaching 72.7%. The highest crude mortality
rates were observed with C. glabrata (N. glabratus)
(43.6%) and C. krusei (P. kudriavzevii) (57.9%),
followed by C. albicans (36.8%), C. parapsilosis
(36.2%) and C. tropicalis (26.8%) [20]. In contrast to
the first study, C. tropicalis and C. parapsilosis had
low mortality rates during the second study [20]. This
contrasts with findings from other studies as well [41].
Additional factors independently associated with high
mortality included patient age over 60 years, the use
of a CVC, administration of corticosteroids, absence
of systemic antifungal treatment for IC, and failure to
remove intravascular lines [20].

Risk Factors Leading to Candidemia in the Candida I-lll Studies
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The latest study found an overall 90-day mortality
of 43%, with 30-day mortality at 38% and 180-day
mortality was 45% [21], aligning with the mortality
rates described in earlier studies [19, 20, 42]. In
contrast to the first two studies, ECMM Candida 111
included matched controls, enabling the calculation
of attributable mortality, which was 18.1% [43].
Baseline predictors of mortality included increasing
age, higher Charlson comorbidity index scores and
ICU admission. Infection with C. auris and other
rare Candida species also emerged as predictors of
mortality [21]. The increase in non-albicans Candida
species, coupled with the emergence of C. auris
and increasing resistance rates, such as observed for
fluconazole-resistance in C. parapsilosis, could pose
significant risks for future candidemia patients [21].

As in the first two studies, independent
baseline predictors of mortality were identified
in the third study, such as older age and ICU
admission. In addition, an increase in the Charlson
Comorbidity Index, lower adherence to guideline
recommendations and C. tropicalis as the causative
pathogen were identified as predictors of mortality.
Patients receiving an echinocandin as initial treatment
(42%) had a lower overall mortality compared
to patients without (52%) [21]. Additionally, the
mortality rate for patients for whom guideline-
recommended diagnostic or therapeutic measures
were not performed was higher than in the overall
cohort, emphasizing the importance of adhering to
each guideline recommendation for the successful
treatment of candidemia. [21].

Antifungal Treatment

In the initial study, 84.5% of patients received
antifungal therapy, with fluconazole (58.9%),
amphotericin B (20%), and lipid-based amphotericin
B (9.6%) being the primary treatments. Vascular
catheters were removed in 61.4% of all patients.
However, due to the limited documentation of
only the initial therapy, a comparison of different
antifungal therapies was not conducted during this
study [19].

In the second study, focusing on ICU patients
after major surgery [20], antifungal prophylaxis
was administered to 16.5% of all patients [20].
Additionally, concomitant bacteraemia was observed
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in 49% of patients with candidemia. Antifungal
drugs wused for prophylaxis were fluconazole
(78%), caspofungin (7.1%), voriconazole (3.2%),
liposomal amphotericin B (5.6%), and amphotericin
B deoxycholate (3.9%) and other drugs (2.2%).
Among patients from Candida 11, fluconazole was
the most frequently used initial antifungal treatment,
followed by caspofungin, lipid-based amphotericin
B, and voriconazole [20]. Furthermore, in 70% of
cases, the vascular catheter was removed or changed
at diagnosis. [20]. The survival rate for patients
in whom the catheter was removed was 68.1%,
compared to 48.8% for those in whom the catheter
was not removed [20].

In the third study, 16.5% of patients received
antifungal ~ prophylaxis, = predominantly = with
fluconazole.  Echinocandins were the initial
treatment in 56% of patients, and those who received
echinocandins as initial treatment (42%) had a lower
overall mortality rate compared to patients receiving
other antifungals (52%). Furthermore, the choice of
initial echinocandin treatment was associated with a
prolonged hospital stay solely for the completion of
antifungal therapy, primarily due to the unavailability
of echinocandins in oral form. [21].

Limitations Across the Studies

Limitation across all three studies included
incomplete questionnaires and missing data, therefore
not all data were available from all cases included.
Additionally, convenience samples were used,
particularly in Candida 1 and Candida 11, and results
may therefore not be applicable across all European
countries. The mycological analyses of the Candida
strains were not performed in a single reference
laboratory during the second study, potentially
affecting the consistency and accuracy of the results
[20]. Furthermore, haemodialysis, a known predictor
factor of mortality, was not assessed in the second
study due to missing data [20].

In the third study, higher EQUAL-Candida scores
were observed in long-term survivors compared to
patients with early fatal outcomes. This observation
could potentially be influenced by immortal
time bias, as there may have been insufficient
time for implementing diagnostic and treatment
recommendations [21]. Despite adjustments made
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(e.g. exclusion of all patients dying within 14 days
of diagnosis in subanalyses), which all confirmed the
associations between better adherence to guideline
recommendations and survival, the influence of
survival time on EQUAL scores cannot be entirely
ruled out [21]. Moreover, the availability of fungal
diagnostics, expert consultations, and access to
antifungal drugs varies worldwide, especially in low-
income and middle-income countries, limiting the
generalisability of the findings [21]. Settings with
better access to diagnostics and antifungals were
likely overrepresented in all three ECMM Candida
studies [21, 44].

Outlook Candida IV

In line with the worldwide ECMM ISHAM guidelines
and other ECMM initiatives [45, 46], the upcoming
fourth multicentre ECMM study will expand its
focus from Europe to the world. ECMM Candida IV
is about to commence, focusing exclusively on non-
albicans Candida species causing candidemia. Data
will be collected from various hospitals worldwide
to investigate antifungal resistance and tolerance,
alongside their association with clinical outcomes.
Furthermore, the study will assess antifungal
susceptibility against novel antifungals in late-stage
clinical development, as well as antifungal resistance
among non-albicans Candida causing candidemia
and the correlation of in vitro data, antifungal
treatment response and patient survival rates. Given
that the objectives differ from ECMM Candida 111,
ECMM Candida IV will have no restrictions in terms
of how many hospitals per country can participate,
nor will there be a maximum limit of cases that
can be entered by each participating hospital. This
approach aims to lower the barrier for participation,
making ECMM Candida 1V the first study of its
kind conducted worldwide. Outreach efforts through
social media platforms, conferences, and scientific
meetings aim to encourage centers worldwide to
initiate the onboarding process by completing site
registration and information forms. These forms will
undergo review and approval by study coordinators.
Previous participating centres, as well as ECMM
Global Guidelines contributors and ECMM fellow
groups, are also being actively contacted and invited
to participate in the study. The study is expected to

enrol a total of 2,000 patients with non-albicans
candidemia from institutions all over the world,
including reference laboratories in all UN regions.
The observation period spans from April 1st, 2024,
to March 31st, 2025, with the initial data publication/
presentation of results at scientific meetings expected
in 2026. With a strong translational focus, ECMM
Candida IV will combine clinical mycology and
patient outcomes with insights from basic mycology
research laboratories, particularly exploring the
impact of antifungal tolerance on large-scale patient
outcomes.

Conclusion

The three pan-European multicentre studies
conducted by the ECMM between 1997 and 2022
have provided invaluable insight into invasive
Candida infections. They have highlighted the
evolving trends in the spread of Candida species, the
worrying increase in antifungal resistance and the
high mortality rate associated with these infections.
The studies identified increasing rates of antifungal
resistance among Candida isolates, highlighting the
need for the development of novel antifungal agents.
Despite advancements in antifungal therapy, mortality
rates associated with invasive Candida infections
persist at high level, emphasizing the importance
of early diagnosis and appropriate management
strategies.

One of the most important findings across
the three studies is the notable shift in causative
Candida species, with increasing prevalence of
non-albicans Candida species. Additionally, there
is a notable increase in emerging species such as C.
auris, which appear to benefit from climate change
and warmer temperatures. The ECMM Candida
studies identified also increasing rates of antifungal
resistance among Candida isolates, highlighting the
need for the development of novel antifungal agents.
Several new antifungal drugs are currently in clinical
development, with new mechanisms of action and
improved activity against Candida species. This
could address current limitations in treatment, such
as the need for prolonged hospitalization and frequent
administration of medication.

Newly approved antifungals like ibrexafungerp,
rezafungin, oteseconazole and miltefosine [47]
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represent significant additions to the existing
antifungal arsenal. Additionally, promising drugs
like fosmanogepix are undergoing clinical testing
[47-49]. The approval of these medications and
the development of upcoming candidates expand
treatment options, potentially enhancing efficacy
through various mechanisms and administration
routes. [49].

Despite advancements in antifungal therapies,
the persistently high mortality rate underscores the
urgent need for continued research and development
in this field. The high mortality rates observed across
the three studies display the devastating outcomes in
patients with candidemia and invasive candidiasis in
real life, which differ from clinical trial settings where
patients are selected carefully, often excluding those
at highest risk. Moreover, access to essential fungal
infection diagnostics and treatments remains limited,
particularly in low- and middle-income countries.
However this limitation persists even in certain lower
income countries within Europe [50]. The upcoming
global ECMM Candida TV study, with its focus on
non-albicans Candida species and the evaluation
of susceptibility and tolerance to novel antifungals
worldwide, presents a unique opportunity to deepen
understanding of the epidemiology, resistance and
outcomes of candidemia caused by non-albicans
Candida species.

Funding Open access funding provided by Medical Uni-
versity of Graz. ECMM Candida III and IV are supported by
investigator initiated research grants from Scynexis, Mun-
dipharma and Melinta. NG acknowledges support of Well-
come Trust Investigator, Collaborative, Equipment, Strategic
and Biomedical Resource awards (101873, 200208, 215599,
224323). NG also thanks the MRC (MR/M026663/2) and the
MRC Centre for Medical Mycology (MR/N006364/2) for sup-
port. NG is funded by the National Institute for Health and
Care Research (NIHR) Exeter Biomedical Research Centre
(BRC). The views expressed are those of the author(s) and not
necessarily those of the NIHR or the Department of Health and
Social Care.

Declarations

Conflict of interest LK received research grants from Gilead,
and has received honoraria for educational lectures from Gilead,
Merck, Sharpe & Dohme, and Vertex Pharmaceuticals outside
the submitted work. NG acknowledges support of Wellcome
Trust Investigator, Collaborative, Equipment, Strategic and Bi-
omedical Resource awards (101873, 200208, 215599, 224323
and 200208 (the latter awarded to Daan van Aalten)) and the
MRC (MR/M026663/2) and the MRC Centre for Medical My-
cology (MR/N006364/2) for support. KL received consultancy

@ Springer

fees from MRM Health and Mundipharma, speaker fees from
Pfizer and Gilead, a service fee from Thermo fisher Scientific
and TECOmedical and a fee for Advisory Board participa-
tion from MSD and Pfizer, JPG has received lecture honoraria
from Gilead, MundiPharma and Pfizer, outside of the submit-
ted work. JM reports research grants and/or personal fees for
advisor/consultant, and/or speaker/chairman from Gilead Sci-
ences, F2G, Shionogi, Mundipharma, Mundipharma, Takeda,
and Basilea. CLF reports research grants and/or personal fees
for advisor/consultant, travel and/or speaker/chairman from
Gilead, MSD, Pfizer, BioMérieux, F2G, IMMY, Shionogi, As-
tellas Pharma. SAA reports research grant from Cidara, lecture
honoraria from Gilead, and travel grant from Astellas. M. H.
received research funding from Gilead, MSD, IMMY, Mun-
dipharma, Scynexis, Melinta, Euroimmune, Shionogi, F2G and
Pfizer (all outside of the submitted work). OAC reports grants
or contracts from BMBF, Cidara, DZIF, EU-DG RTD, F2G,
Gilead, MedPace, MSD, Mundipharma, Octapharma, Pfizer,
Scynexis; Consulting fees from Abbvie, AiCuris, Basilea, Bio-
con, Boston Strategic Partners, Cidara, Seqirus, Gilead, GSK,
IQVIA, Janssen, Matinas, MedPace, Menarini, Molecular Part-
ners, MSG-ERC, Mundipharma, Noxxon, Octapharma, Pardes,
Partner Therapeutics, Pfizer, PSI, Scynexis, Seres, Shionogi,
The Prime Meridian Group; Speaker and lecture honoraria from
Abbott, Abbvie, Akademie fiir Infektionsmedizin, Al-Jazeera
Pharmaceuticals/Hikma, amedes, AstraZeneca, Deutscher Ar-
zteverlag, Gilead, GSK, Grupo Biotoscana/United Medical/
Knight, Medscape/WebMD, MedUpdate, MSD, Moderna,
Mundipharma, Noscendo, Paul-Martini-Stiftung, Pfizer, San-
doz, Seqirus, Shionogi, streamedup!, Touch Independent, Vitis;
Payment for expert testimony Cidara; Participation on a DRC or
DSMB for Cidara, IQVIA, Janssen, MedPace, PSI, Pulmocide.
The other authors declare no conflict of interest. SW, SS, JFM
no conflict of interest.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/

Mycopathologia (2024) 189:70

Page 13 of 14 70

References

10.

11.

12.

13.

14.

15.

16.

17.

Strollo S, et al. Epidemiology of hospitalizations asso-
ciated with invasive candidiasis, United States, 2002—
2012(1). Emerg Infect Dis. 2016;23(1):7-13.
Alvarez-Moreno CA, et al. The mortality attribut-
able to Candidemia in C. auris is higher than that in
other Candida species: myth or reality? J Fungi (Basel).
2023;9(4):430.

Pappas PG, et al. Invasive candidiasis. Nat Rev Dis Prim-
ers. 2018;4:18026.

Egger M, et al. Let’s talk about sex characteristics-
As a risk factor for invasive fungal diseases. Mycoses.
2022;65(6):599-612.

Kayaaslan B, et al. Characteristics of candidemia in
COVID-19 patients; increased incidence, earlier occur-
rence and higher mortality rates compared to non-
COVID-19 patients. Mycoses. 2021;64(9):1083-91.
Bongomin F, et al. Global and multi-national prevalence
of fungal diseases-estimate precision. J Fungi (Basel).
2017;3(4):57.

Denning DW. Global incidence and mortality of severe
fungal disease. Lancet Infect Dis. 2024;24:268.
Barantsevich N, Barantsevich E. Diagnosis and treat-
ment of invasive candidiasis. Antibiotics (Basel).
2022;11(6):718.

Bassetti M, et al. Incidence and outcome of invasive can-
didiasis in intensive care units (ICUs) in Europe: results
of the EUCANDICU project. Crit Care. 2019;23(1):219.
de Hoog S, et al. A conceptual framework for nomen-
clatural stability and validity of medically important
fungi: a proposed global consensus guideline for fungal
name changes supported by ABP, ASM, CLSI, ECMM,
ESCMID-EFISG, EUCAST-AFST, FDLC, IDSA,
ISHAM, MMSA, and MSGERC. J Clin Microbiol.
2023;25:e0087323.

Spampinato C, Leonardi D. Candida infections, causes,
targets, and resistance mechanisms: traditional and alter-
native antifungal agents. Biomed Res Int. 2013;2013:
204237.

Seidel D, et al. Impact of climate change and natu-
ral disasters on fungal infections. Lancet Microbe.
2024;879:56-8.

Satoh K, et al. Candida auris sp. nov., a novel ascomy-
cetous yeast isolated from the external ear canal of an
inpatient in a Japanese hospital. Microbiol Immunol.
2009;53(1):41-4.

Casadevall A, Kontoyiannis DP, Robert V. On the
emergence of Candida auris: climate change, azoles,
swamps, and birds. MBio. 2019;10(4):785.

Fisher MC, Denning DW. The WHO fungal priority
pathogens list as a game-changer. Nat Rev Microbiol.
2023;21(4):211-2.

Lyman M, et al. Worsening spread of Candida auris
in the United States, 2019 to 2021. Ann Intern Med.
2023;176(4):489-95.

Chowdhary A, Jain K, Chauhan N. Candida auris
genetics and emergence. Annu Rev Microbiol.
2023;77:583-602.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Lass-Florl C, et al. Invasive candidiasis. Nat Rev Dis
Primers. 2024;10(1):20.

Tortorano AM, et al. Epidemiology of candidaemia in
Europe: results of 28-month European Confederation of
Medical Mycology (ECMM) hospital-based surveillance
study. Eur J Clin Microbiol Infect Dis. 2004;23(4):317-22.
Klingspor L, et al. Invasive Candida infections in surgical
patients in intensive care units: a prospective, multicentre
survey initiated by the European Confederation of Medi-
cal Mycology (ECMM) (2006-2008). Clin Microbiol
Infect. 2015;21(1):87.e1-87.e10.

Hoenigl M, et al. Guideline adherence and survival of
patients with candidaemia in Europe: results from the
ECMM Candida III multinational European observational
cohort study. Lancet Infect Dis. 2023;23(6):751-61.
Mellinghoff SC, et al. EQUAL Candida Score: An ECMM
score derived from current guidelines to measure QUAI-
ity of Clinical Candidaemia Management. Mycoses.
2018;61(5):326-30.

El Zakhem A, et al. The utility of EQUAL candida score
in predicting mortality in patients with candidemia. J
Fungi (Basel). 2022;8(3):238.

Leepattarakit T, et al. EQUAL Candida score, an effec-
tive tool for predicting the outcomes of Candida tropica-
lis candidaemia: a retrospective cohort study. Mycoses.
2022;65(4):473-80.

De Pauw B, et al. Revised definitions of invasive fungal
disease from the European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections Coopera-
tive Group and the National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group (EORTC/MSG)
Consensus Group. Clin Infect Dis. 2008;46(12):1813-21.
Cuenca-Estrella M, et al. ESCMID* guideline for
the diagnosis and management of Candida diseases
2012: diagnostic procedures. Clin Microbiol Infect.
2012;18(Suppl 7):9-18.

Salmanton-Garcia J, et al. EPICOVIDEHA: a ready to
use platform for epidemiological studies in hematological
patients with COVID-19. Hemasphere. 2021;5(7): e612.
Seidel D, et al. FungiScope(™)-global emerging fungal
infection registry. Mycoses. 2017;60(8):508-16.

Hoenigl M, et al. Global guidelines and initiatives
from the European Confederation of Medical Mycol-
ogy to improve patient care and research worldwide:
new leadership is about working together. Mycoses.
2018;61(11):885-94.

Egger M, et al. Predictors for Prolonged hospital stay
solely to complete intravenous antifungal treatment in
patients with candidemia: results from the ECMM can-
dida III multinational european observational cohort
study. Mycopathologia. 2023;188(6):983-94.

Arendrup MC, et al. European candidaemia is character-
ised by notable differential epidemiology and susceptibil-
ity pattern: Results from the ECMM Candida III study. J
Infect. 2023;87(5):428-37.

Jensen RH, et al. Stepwise emergence of azole, echino-
candin and amphotericin B multidrug resistance in vivo in
Candida albicans orchestrated by multiple genetic altera-
tions. J Antimicrob Chemother. 2015;70(9):2551-5.
Rogers TR, et al. Molecular mechanisms of acquired
antifungal drug resistance in principal fungal pathogens

@ Springer



70

Page 14 of 14

Mycopathologia (2024) 189:70

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

and EUCAST guidance for their laboratory detection
and clinical implications. J Antimicrob Chemother.
2022;77(8):2053-73.

Castanheira M, et al. Antifungal susceptibility patterns of
a global collection of fungal isolates: results of the SEN-
TRY Aantifungal Surveillance Program (2013). Diagn
Microbiol Infect Dis. 2016;85(2):200-4.

Pfaller MA, et al. Geographic variations in species dis-
tribution and echinocandin and azole antifungal resist-
ance rates among Candida bloodstream infection isolates:
report from the SENTRY Antimicrobial Surveillance Pro-
gram (2008 to 2009). J Clin Microbiol. 2011;49(1):396-9.
Muskett H, et al. Risk factors for invasive fungal disease
in critically ill adult patients: a systematic review. Crit
Care. 2011;15(6):R287.

Keighley CL, et al. Risk factors for candidaemia: A
prospective multi-centre case-control study. Mycoses.
2021;64(3):257-63.

Arendrup MC, et al. Diagnostic issues, clinical charac-
teristics, and outcomes for patients with fungemia. J Clin
Microbiol. 2011;49(9):3300-8.

Ericsson J, et al. Candidaemia in Sweden: a nationwide
prospective observational survey. Clin Microbiol Infect.
2013;19(4):E218-21.

Arendrup MC, et al. National surveillance of fungemia
in Denmark (2004 to 2009). J Clin Microbiol.
2011;49(1):325-34.

Chong Y, et al. Fatal candidemia caused by azole-resistant
Candida tropicalis in patients with hematological malig-
nancies. J Infect Chemother. 2012;18(5):741-6.

Mazi PB, et al. Attributable mortality of candida blood-
stream infections in the modern era: a propensity score
analysis. Clin Infect Dis. 2022;75(6):1031-6.
Salmanton-Garcia J, Cornely OAC, Stemler J, Barac A,
Steinmann J, Sivdkova A, Akalin EH, Arikan-Akdagli S,
Loughlin L, Toscano C, Narayanan M, Rogers B, Will-
inger B, Akyol D, Roilides E, Lagrou K, Mikulska M,
Denis B, Ponscarme D, Scharmann U, Azap A, Lockhart
D, Bicanic T, Kron F, Erben N, Rautemaa-Richardson R,
Goodman AL, Garcia-Vidal C, Lass-Florl C, Gangneux
J-P, Taramasso L, Ruiz M, Schick Y, Van Wijngaerden E,
Milacek C, Giacobbe DR, Logan C, Rooney E, Gori A,
Akova M, Bassetti M, Hoenigl M, Koehler P. Attributable

@ Springer

44,

45.

46.

47.

48.

49.

50.

mortality of candidemia—results from the ECMM Can-
dida III multinational European Observational Cohort
Study. 2024.

Salmanton-Garcia J, et al. The current state of laboratory
mycology and access to antifungal treatment in Europe:
a BEuropean Confederation of Medical Mycology survey.
Lancet Microbe. 2023;4(1):e47-56.

Aerts R, et al. Circulatory Inflammatory Proteins as Early
Diagnostic Biomarkers for Invasive Aspergillosis in
Patients with Hematologic Malignancies-an Exploratory
Study. Mycopathol 2024;189(2):24. https://doi.org/10.
1007/s11046-024-00831-8

Hoenigl M, et al. Global guideline for the diagnosis and
management of rare mould infections: an initiative of the
European Confederation of Medical Mycology in coop-
eration with the International Society for Human and Ani-
mal Mycology and the American Society for Microbiol-
ogy. Lancet Infect Dis. 2021;21:246-57.

Hoenigl M, et al. Invasive candidiasis: investiga-
tional drugs in the clinical development pipeline and
mechanisms of action. Expert Opin Investig Drugs.
2022;31(8):795-812.

Hoenigl M, et al. The antifungal pipeline: fosmanogepix,
ibrexafungerp, olorofim, opelconazole, and rezafungin.
Drugs. 2021;81(15):1703-29.

Duncan V, et al. Preliminary characterization of NP339, a
novel polyarginine peptide with broad antifungal activity.
Antimicrob Agents Chemother. 2021;65(8): €0234520.
Salmanton-Garcia J, et al. The current state of labora-
tory mycology in Asia/Pacific: a survey from the Euro-
pean Confederation of Medical Mycology (ECMM) and
International Society for Human and Animal Mycology
(ISHAM). Int J Antimicrob Agents. 2023;61(3): 106718.

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.


https://doi.org/10.1007/s11046-024-00831-8
https://doi.org/10.1007/s11046-024-00831-8

	Insights from Three Pan-European Multicentre Studies on Invasive Candida Infections and Outlook to ECMM Candida IV
	Abstract 
	Introduction
	Study Methodologies
	Definitions
	Countries Participating in Each Study
	Key Results of the Studies
	Candida Species Distribution
	Candida albica
	Candida glabrata (Nakaseomyces glabratus)
	Candida parapsilosis
	Candida tropicalis
	Candida krusei (P. kudriavzevii)
	Candida auris

	Risk Factors for the Development of Invasive Candida Infection
	Mortality
	Antifungal Treatment
	Limitations Across the Studies
	Outlook Candida IV
	Conclusion
	References




