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14) Hospital General Universitario Gregorio Marañón, Madrid, Spain, 15) University of Aberdeen, Aberdeen, 16) AstraZeneca R&D, Alderley Park, UK,
17) University of Texas Medical School-Houston, Houston, TX, USA, 18) Aristotle University, Hippokration Hospital, Thessaloniki, Greece, 19) Trinity
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Abstract
This report discusses the present status of antifungal therapy and treatment options for candidaemia, considered by experts in the field
in Europe. A conference of 26 experts from 13 European countries was held to discuss strategies for the treatment and prevention of
invasive candidiasis, with the aim of providing a review on optimal management strategies. Published and unpublished comparative trials
on antifungal therapy were analysed and discussed. Commonly asked questions about the management of candidaemia were selected,
and possible responses to these questions were discussed. Panellists were then asked to respond to each question by using a touchpad
answering system. After the initial conference, the viewpoint document has been reviewed and edited to include new insights and developments since the initial meeting. For many situations, consensus on treatment could not be reached, and the responses indicate that
treatment is likely to be modified on a patient-to-patient basis, depending on factors such as degree of illness, prior exposure to azole
antifungals, and the presence of potentially antifungal drug-resistant Candida species.
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Introduction
Invasive candidiasis, mostly candidaemia, is associated with a
high global mortality rate, ranging from 36% to 63% in different patient groups [1–4], and represents a significant burden

on the public health system in terms of patient management
and healthcare costs. In a prospective hospital-based population study in seven European countries, rates of candidaemia
ranging from 0.20 to 0.38 per 1000 hospital admissions were
reported [3]. Approximately half of all Candida infections
now occur in intensive-care units (ICUs) [5,6]. An increase
in the incidence of candidaemia between 1999 and 2006 was
reported from several countries [7–9].
Although Candida albicans is still the leading cause of invasive candidiasis in most clinical settings [3,8], there has been a
significant pathogen shift towards other Candida species over
the past few years in some patient groups [3,7,10]. The
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changing epidemiology has been partly attributed to selection
of less sensitive Candida strains, owing to the widespread use
of fluconazole as a prophylactic and therapeutic agent [11,12].
Over the years, a variety of new antifungal drugs have
been introduced. Although these developments mean that
clinicians now have more choices when selecting an antifungal drug, the most effective treatment regimens for invasive
candidiasis are uncertain. In 1997, Edwards et al. [13] published the results of an international conference to develop a
consensus on the management of severe Candida infections.
In an attempt to review the treatment strategies for invasive
candidiasis with a global European perspective, we held a
similar meeting to that of Edwards et al. [13], based on the
views and current practices of a panel of European experts
in clinical mycology. As in the previous study, where opinions
differed between the experts, the aim was to present the full
diversity of opinion from all participants.

Participants and Consensus Methods
The panel consisted of 26 experts (infectious diseases physicians, medical microbiologists, mycologists, haematologists,
and intensivists) from 13 European countries. Each was
invited because of their expertise in studies on candidiasis
and the management of patients with Candida infections.
A list of questions regarding treatment strategies for
severe Candida infections in adults was developed by two of
us (B.J.K. and P.E.V.). As in the previous consensus meeting
[13], questions were reviewed and edited during the meeting, and the wording of possible answers to the questions
was reviewed, extensively discussed, and revised. Subsequently, the issues were discussed and the answers to the
questions were voted on anonymously, by the use of electronic keypad devices. The moderators of the meeting (B.J.K.
and P.E.V.) did not vote. The manuscript generated from the
meeting results was distributed, reviewed, edited, and discussed by all participants to include new insights and developments since the initial consensus meeting. This report
discusses the full spectrum of responses to each question
and treatment preferences.

Results
Initial management of candidaemia

Should all patients with a positive blood culture for Candida be
treated?
Background: Nosocomial candidaemia is associated with
high levels of mortality in critically ill patients [2], especially if
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antifungal therapy is delayed [14,15]. However, up to 85% of
patients with candidaemia do not receive appropriate antifungal therapy for 24 h or more until blood culture results are
known [14]. Whereas transient, self-limited candidaemia may
resolve without antifungal therapy, patients with candidaemia
who will recover without antifungal therapy are currently
impossible to identify.
Responses: All panellists indicated that they would treat all
patients with a Candida-positive blood culture, irrespective of
clinical status and underlying risk factors. Reluctance to do so
among some clinicians is likely to be attributable to confusion
about the significance of positive blood cultures from samples
taken via a central intravascular catheter. In a retrospective
review of 155 episodes of vascular catheter-related candidaemia in cancer patients, the frequency of autopsy-proven
candidiasis was similar irrespective of whether blood was
obtained via a central catheter or from a peripheral site [16].
A recent series of 370 episodes of candidaemia reported by
Kullberg et al. [17] suggested that positive blood cultures for
Candida from samples obtained via an indwelling intravascular
line should never be disregarded in a symptomatic patient
with concomitant signs of infection. These studies demonstrate the need to treat all patients with positive blood
cultures irrespective of the site of blood collection.
What determines the choice of initial antifungal therapy in a
patient with candidaemia before the species has been determined?
Background: It is difficult to know which antifungal drug is
the most effective to use before the yeast species and susceptibility have been determined. The severity of illness (ICU
admission or haemodynamic instability) is felt by most to be a
major determinant in selecting an appropriate antifungal agent,
in addition to the local epidemiology of Candida. A recent
French multicentre ICU cohort study reported that 17% of
Candida isolates were less susceptible to fluconazole [18].
However, no clinical factor to guide the choice of therapy was
apparent [19]. We assumed previous exposure to azoles
(either as prophylaxis or as treatment) to be a major risk
factor for colonization with less susceptible Candida species,
and thus considered ‘azole-naı̈ve’ patients to be separate from
azole-exposed patients when selecting initial therapy.
Sample case. An adult recently admitted to the ward with uncomplicated sepsis, is azole-naı̈ve, has normal liver and renal function,
and has candidaemia. What would be the initial choice of
therapy?
Background: In most European countries, six antifungal
drugs have been approved for candidaemia: fluconazole,
amphotericin B desoxycholate (d-AmB), voriconazole,
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anidulafungin, caspofungin, and micafungin. Recent clinical
trials have demonstrated non-inferiority or superiority of the
newer antifungal agents as compared with conventional
d-AmB or fluconazole. Caspofungin was shown to be
non-inferior to d-AmB in patients with invasive candidiasis
(response rates of 73% vs. 62% at end of intravenous study
drug administration (end of treatment (EOT)), p 0.09)
[20,21], whereas voriconazole was non-inferior to a regimen
of d-AmB followed after 3–7 days by fluconazole in patients
with candidaemia (response rates of 70% vs. 74% at EOT,
p 0.42) [5]. Both caspofungin and voriconazole were better
tolerated than d-AmB, and were associated with fewer drugrelated side effects. Three further phase III clinical trials
showed that anidulafungin and micafungin are also effective
antifungal drugs for the treatment of invasive candidiasis
[22–24]. Anidulafungin was superior to fluconazole in 261
patients with candidaemia or invasive candidiasis, with global
response rates of 75.6% vs. 60.2% at EOT (p 0.01) [22], and
superior efficacy in infections caused by C. albicans (81.1% vs.
62.3%) and non-albicans species (71.1% vs. 60.0%), with the
exception of Candida parapsilosis [22]. Intravenous micafungin
(100 mg daily) was non-inferior to liposomal amphotericin B
(LAmB) in 531 patients with invasive candidiasis or candidaemia, with successful outcomes in 74% and 70% at EOT, but
micafungin was better tolerated than LAmB [23]. In a threearmed study, intravenous micafungin (150 or 100 mg daily)
was non-inferior to caspofungin (71% vs. 74% vs. 71% overall
success, not significant (NS)) [24]. A recent randomized study
reported no significant benefit of caspofungin at 150 mg daily
as compared with 50 mg daily in patients with invasive candidiasis (80% vs. 72% overall success at EOT, NS) [25].
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A comparative trial of intravenous itraconazole and fluconazole in 193 patients with candidaemia has reported similar
success rates (67% vs. 69% overall success at EOT, NS), but
this study was never published in full [26].
Response: On the basis of published clinical trial data,
fluconazole (16 panellists) or an echinocandin (five panellists)
were the most likely regimens to be selected for primary
therapy of candidaemia in a stable, azole-naı̈ve, mildly to
moderately ill patient with uncomplicated sepsis (Fig. 1a).
In a recent comparative trial, anidulafungin was superior
to fluconazole both in C. albicans and non-albicans Candida
infections [22], favouring the use of echinocandins in severely
ill patients. However, most panellists found that there were
currently insufficient data to make an informed judgement
on the potential superiority of anidulafungin or other echinocandins over fluconazole in mildly to moderately ill, stable,
azole-naı̈ve patients.
Only two panellists would use d-AmB as primary therapy.
None of the panellists felt that itraconazole has a role in the
treatment of invasive candidiasis, because of its potential for
unfavourable drug interactions, drug-related adverse events,
and the lack of published clinical trial data [27].
Although voriconazole proved to be equally effective as dAmB [5], in clinical practice this drug was preferred as oral
step-down therapy or for use in special cases where other
antifungal agents were contraindicated.
It is of note that positive blood cultures are usually reported
as positive for ‘yeasts’. Although the most likely identity will be
Candida species, the experts acknowledged that other yeasts,
such as Cryptococcus and Trichosporon species, cannot be
discounted, as they are not susceptible to echinocandins.

(a)

An adult patient with uncomplicated
sepsis, and a blood culture positive
for yeast, with normal renal and
hepatic function

(b)

An adult patient with uncomplicated
sepsis, and a blood culture positive
for yeast, with normal renal and
hepatic function, who had received
fluconazole previously during this
admission

FIG. 1. Responses to the questions on initial treatment of candidaemic patients: (a) uncomplicated; (b) received fluconazole previously during
this admission.
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Is amphotericin B applicable in the treatment of adult patients
with invasive candidiasis?
Background: Intravenous d-AmB has remained the reference standard for treating invasive fungal infections since its
introduction in 1959, despite its acute infusion-related toxicity and nephrotoxicity. In comparative trials, the limited success rate of d-AmB was shown to be primarily attributable
to its toxicity, leading to premature treatment discontinuations in many patients [5,20,28,29]. This was true even if dAmB was given only for a median of 4 days, before stepping
down to fluconazole [5].
Responses: The majority (14/22) of the panel felt that dAmB no longer has a role in the therapy of invasive candidiasis, owing to the serious side effects associated with this
drug. However, for second-line treatment of candidaemia, a
lipid-based formulation of amphotericin B could be considered, despite the lack of comparative studies, with most
favouring LamB, in view of the availability of recent data [23].
Which antifungal agent should be used to treat an adult, azolenaı̈ve patient with candidaemia during a prolonged hospital stay?
Background: Most cases of nosocomial candidiasis are
endogenous in origin and emanate from the patient’s own gastrointestinal flora, although nosocomial transmission has been
described [30]. Prolonged hospitalization is associated with a
shift towards Candida species other than C. albicans, particularly
after fluconazole prophylaxis [11,12]. Recent European studies
have demonstrated increasing rates of decreased susceptibility
to fluconazole in some but not all settings [7,18,31].
Responses: Two-thirds of the panel appeared to have no
concerns about the increased risk of fluconazole resistance
during a prolonged hospital stay, provided that patients had
not been exposed to any azole therapy, and would use this
drug as first-line therapy, as for a stable, hospital-naı̈ve
patient. One-third of the panel, however, preferred to use a
broad-spectrum drug until species and susceptibility profiles
have been established.
Which antifungal agent should be used to treat an adult patient
with candidaemia who had received fluconazole previously during
this admission?
Responses: Whereas there was no overall consensus on
antifungal treatment for hospital-naı̈ve or hospital-experienced patients, all panellists agreed that prior exposure to
fluconazole would influence their choice of antifungal drug to
cover possible fluconazole resistance; 21 would use an echinocandin, and only two would use d-AmB (Fig. 1b).
Which antifungal agent should be used to treat an azole-naı̈ve,
non-neutropenic, adult ICU patient with candidaemia?
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Background: Medical and surgical ICUs have seen a substantial increase in the incidence of invasive candidiasis in recent
years [4]. The emergence of Candida glabrata as a major
pathogen among these patients [10] has been attributed to
the increased use of fluconazole prophylaxis in ICU patients.
Responses: If an azole-naı̈ve patient had uncomplicated sepsis and normal renal and hepatic function and was in an ICU,
13 of the 23 panellists indicated that they would still use fluconazole. However, most panellists acknowledged that the study
on anidulafungin vs. fluconazole has suggested the superiority
of echinocandins, even in less severely ill patients [22].
The presence of severe sepsis caused panellists to modify
their approach to treatment. The majority (20) of the panel
indicated that they would use an echinocandin rather than
fluconazole (Fig. 2a); only two would use fluconazole in this
setting. Although combined therapy with d-AmB plus fluconazole was more effective than high-dose fluconazole (800 mg
daily) plus placebo at clearing Candida from the bloodstream
of non-neutropenic adult patients with candidaemia [29],
there was no enthusiasm for this combined regimen among
the panel of experts, in view of the d-AmB-associated toxicity.
Choice of echinocandin: Currently, anidulafungin, caspofungin and micafungin are available in most European countries. The panellists noted very little difference in overall
efficacy between these agents during the discussion at the
conference, and this view was confirmed during subsequent
discussions and review of this manuscript. More recently, the
EMA, but not the FDA, has issued a caution that micafungin
should only be used if other antifungals are not appropriate,
as rat experiments (but not data from humans) suggested a
potential risk for the development of liver tumours (http://
www.ema.europa.eu/humandocs/Humans/EPAR/mycamine).
Which antifungal drug should be used to treat an adult neutropenic haematology patient with candidaemia, who had not received
azole prophylaxis?
Background: LAmB, voriconazole and caspofungin have
been investigated for the empirical treatment of haematological patients with unexplained fever during prolonged neutropenia [32–34]. C. glabrata and Candida krusei are more
prevalent in haematology patients [3], and infection with
these species may be refractory to fluconazole treatment.
However, no comparative studies have been specifically
performed in neutropenic patients with culture-proven
candidaemia, and published studies have included very few
neutropenic cases [20,22–24], precluding any conclusions on
the efficacy of specific antifungal regimens for candidaemia in
these patients.
Responses: If a patient had uncomplicated sepsis and normal renal and hepatic function, 13 panellists indicated that
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(a)

An adult ICU patient with
severe sepsis, and a blood
culture positive for yeast

(b)

An adult neutropenic
hematology patient with
uncomplicated sepsis without
azole prophylaxis, and a blood
culture positive for yeast

FIG. 2. Responses to the questions on initial treatment of candidaemic patients: (a) in the intensive-care unit (ICU) with severe sepsis, unstable
or moderately to severely ill; (b) neutropenic haematology patient without azole prophylaxis.

they would use an echinocandin, nine would use fluconazole,
and one would use voriconazole (Fig. 2b). It is of note that
voriconazole and anidulafungin are not currently licensed for
this indication in Europe.
Follow-on treatment or treatment in specific cases

What would be the choice of antifungal drug for an uncomplicated
adult patient with fluconazole-susceptible C. albicans candidaemia?
Background: Antifungal susceptibility testing methods
include those of the CLSI and the European Committee on
Antimicrobial Susceptibility Testing (EUCAST-AFST), as well
as the commercial Etest. Not only do the CLSI and EUCAST-AFST differ in their breakpoints for fluconazole and
voriconazole, but the EUCAST-AFST states that C. glabrata
and C. krusei are not considered to be good targets for
fluconazole, and there is as yet insufficient evidence to establish reliable breakpoints for voriconazole for those species
[35,36]. In addition, the CLSI adopts the category of susceptible-dose-dependent to allow for dosage increases. Echinocandin resistance of Candida has been increasingly reported
over the last few years, and is associated with various hot
spot mutations in the FKS target gene [37–39]. In general, a
median of 3 weeks of exposure has preceded the development of resistance, which has not been reported for echinocandin-naı̈ve patients [38,39]. The isolates are characterized
by elevated MICs for all available echinocandin agents, crossresistance in animal infection models, and breakthrough
infections in patients. Consequently, alternative drug classes
are recommended to treat those cases [39–41].
Responses: All panellists favour fluconazole (400 mg daily)
in a stable, uncomplicated patient once they know that the
C. albicans is susceptible. Even in a patient who was respond-

ing to an echinocandin, all 23 panellists indicated that they
would switch to fluconazole as long as the patient had
become stable and the isolate was sensitive, in view of the
lower costs and oral availability of fluconazole. These results
underscore that all panellists recommended an active stepdown approach to streamline antifungal therapy as soon as
the patient had stabilized and the species and susceptibility
had become available. As mentioned above, panellists
acknowledged that the study on anidulafungin vs. fluconazole
may shed new light on the comparative efficacies of fluconazole and echinocandins in the future, even in haemodynamically stable patients [22].
What would be the choice of antifungal drug for an uncomplicated adult with C. glabrata candidaemia?
Responses: Even if the C. glabrata isolate was demonstrated to be fluconazole-susceptible in vitro, most panellists
were concerned about using fluconazole for a C. glabrata
infection. Over 50% of panellists favoured using an echinocandin, whereas five indicated that they would increase the
fluconazole dose to 800 mg daily. Only five panellists indicated that they would be prepared to use fluconazole at a
dose of 400 mg daily (Fig. 3a).
However, if the patient had been started on fluconazole
(400 mg daily) and was stabilized and doing well at the time
when species and susceptibility became known, seven of 24
panellists were inclined to continue treatment, but the
majority would either increase the dose to 800 mg daily or
higher or switch to another agent. Seven of the panellists
would prefer to switch to an echinocandin, and one favoured
voriconazole, regardless of the clinical status of the patient. If
fluconazole was continued, the panellists agreed that the

ª2011 The Authors
Clinical Microbiology and Infection ª2011 European Society of Clinical Microbiology and Infectious Diseases, CMI, 17 (Suppl. 5), 1–12

6

Clinical Microbiology and Infection, Volume 17 Supplement 5, September 2011

CMI

(a)

An adult patient with a
fluconazole-susceptible
C. glabrata candidaemia

(b)

An adult patient with a
C. krusei candidaemia

(c)

An adult patient with a
C. parapsilosis candidaemia,
clinically responding to initial
therapy with an echinocandin

FIG. 3. Responses to the questions on treatment of candidaemic patients (a) infected with fluconazole-susceptible Candida glabrata; (b) infected
with Candida krusei; or (c) infected with Candida parapsilosis and clinically responding to initial therapy with an echinocandin.

patient’s condition should be monitored closely for any signs
of clinical deterioration, which may initiate a switch to an
alternate antifungal.
What would be the choice of antifungal drug for an uncomplicated adult patient with C. krusei candidaemia?
Responses: As C. krusei is inherently resistant to fluconazole, most of the panellists (22/23) indicated that they would
use an echinocandin, and one would use voriconazole (Fig. 3b).
What would be the choice of antifungal drug for a responding
adult patient started on caspofungin who is infected with C. parapsilosis?
Background: The correlation between MICs and in vivo
response is less clear for the echinocandins than for fluconazole, and interpretive breakpoints have been more difficult
to establish. Echinocandin drugs consistently show higher
MICs for C. parapsilosis than for other Candida species
[40,42], and there are reports of increased clinical failure and
persistence of infection with this species [20,22,25,43–45].
Responses: Interestingly, most of the panel felt that this
issue should be taken at least as seriously as C. glabrata
fluconazole resistance; only five panellists indicated that they
would continue with an echinocandin, whereas 17 of 22
would switch to another class of antifungal drug, even if the
susceptibility of the strain was within the range usually con-

sidered to be susceptible in vitro (e.g. MIC of 1 mg/L). If the
patient was not responding to an echinocandin at all, all 23
panellists indicated that they would switch the class of antifungal drug and use an azole compound.
What are the indications for primary combined therapy with two
antifungal agents in invasive candidiasis?
Background: Antifungal combination therapy has been
advocated in a few specific areas, e.g. Candida endocarditis.
Combined medical and surgical approaches, including surgical
removal of infected heart valves or implanted devices and
debridement of infected perivalvular tissue, are essential to
the successful management of Candida endocarditis. Combined
antifungal therapy regimens including flucytosine have
been recommended for Candida endocarditis, endophthalmitis,
and central nervous system infections, as flucytosine penetrates well into all body tissues, including cerebrospinal fluid,
and has documented synergistic activity with amphotericin B
[46].
Responses: The majority of the panellists agreed that
there are currently no proven indications for primary combination therapy in adult patients with invasive candidiasis
(Fig. 3c). However, for Candida endocarditis, several panellists indicated that they would use combination therapy with
either a lipid-associated amphotericin B plus flucytosine (five
votes) or an echinocandin plus flucytosine (eight votes).
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For a patient with a cerebral Candida infection, many
would use fluconazole (eight votes) or voriconazole (five
votes), whereas ten favoured combined therapy, mostly lipidassociated amphotericin B + flucytosine. The choice of voriconazole was mainly based on extrapolation from the many
case reports in the literature on the successful management
of cerebral aspergillosis with voriconazole [47]. None of the
panellists would recommend echinocandin monotherapy for
cerebral candidiasis; penetration of this drug into the central
nervous system was thought to be insufficient, and most panellists felt that there was a lack of data to support this indication.
On the basis of published data, what is the role of efungumab?
Background: Efungumab (trade name: Mycograb) is a
human recombinant monoclonal antibody against heat shock
protein 90 with antifungal activity in vitro. It is not currently
approved anywhere in the world, but it was under development at the time of this conference, and its potential role
was discussed. In a randomized comparison of lipid-associated amphotericin B plus efungumab vs. lipid-associated
amphotericin B plus placebo in 139 patients with candidiasis,
significantly better outcome was reported for efungumab
plus amphotericin B than for amphotericin B plus placebo
(complete overall response by day 10, 84% vs. 48%, respectively; p <0.001). No serious side effects were reported in
the publication [48].
Responses: Although the majority of the panellists felt that
immunotherapy was potentially interesting, the only published trial was unconvincing, and concerns were expressed
about some aspects of the study design and report. The panellists’ consensus was that the study raised many unanswered
questions, including patient selection, assessment of endpoints, blinding, independent data review, adverse effects,
and even potentially increased mortality in the efungumab
group [48,49]. After in-depth discussion, the majority of panellists indicated that they would not consider using efungumab for the time being, as there are insufficient data
available to support its use.
Follow-up and management of patients

Would you obtain follow-up cultures after the start of therapy in
patients with candidaemia?
Background: The Practice Guidelines for the Treatment of
Candidiasis published by the Infectious Diseases Society of
America (IDSA) [50] recommend that treatment of candidaemia be continued for 2 weeks after the last positive blood
culture has been obtained and resolution of signs and symptoms of infection has occurred. However, these cultures are
infrequently obtained, and there are currently no recommen-
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dations to obtain follow-up cultures in any official guidelines.
In clinical practice, physicians seldom seem to follow the
guideline to base duration of treatment on the course of
blood culture positivity [51].
Responses: All of the panellists indicated that they would
perform follow-up cultures after the start of therapy,
although six indicated that they would not do this for every
single patient. This is in line with the treatment guidelines
mentioned above, which relate duration of treatment to the
last positive blood culture. Although there was no formal
vote on the subject of treatment duration in candidaemia
and invasive candidiasis, it was agreed that clinicians should
follow the guidelines proposed by the IDSA [50].
Should ophthalmoscopy be performed on patients with candidaemia?
Background: The incidence of Candida endophthalmitis or
chorioretinitis in patients with candidaemia has been
reported to range from 5% to 78% [52,53]. In a large series
of 370 non-neutropenic candidaemic patients who prospectively underwent repeated ophthalmoscopy [5], 16% had
ocular involvement, and in 9.5% this was probably or definitely caused by Candida. The IDSA treatment guidelines recommend that all patients with candidaemia should undergo
ophthalmoscopy, including a dilated retina examination [50].
Responses: Eighteen panellists indicated that it was important to carry out ophthalmoscopy, whereas four thought that
ophthalmoscopy was not indicated, as the antifungal drugs
used to treat candidaemia would clear the ocular site as well;
however, the panel felt that this was less likely with the echinocandins than with azole drugs. Ophthalmoscopy should
not be performed too early, as lesions may become visible
during therapy; it was agreed that ophthalmoscopy should be
carried out before antifungal treatment is stopped, to enable
a decision to prolong treatment if required.
Should intravenous catheters be removed if feasible?
Background: Indwelling intravenous catheters do not necessarily represent the origin of candidaemia, but may act as a
reservoir of infection that may prolong candidaemia and lead
to metastatic foci of infection. Early removal of central
venous catheters from patients with bloodstream infection
has been considered to be essential to successful patient
management [54] and is currently recommended in the IDSA
guidelines for candidaemia [50]. Exchange of a catheter at
the original site over a guide wire was thought not to be
beneficial [54]. A recent literature review found that only
one study revealed a definite benefit of catheter removal in
neutropenic patients with candidaemia [55], and a large analysis was unable to demonstrate a beneficial effect of early
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catheter removal in candidaemic patients treated with an
echinocandin or LAmB [56]. It has been recommended that
the benefits of catheter removal should be weighed carefully
against the risks for each patient [57].
Responses: Despite the paucity of data on catheter management and proof of the perceived benefits of catheter
removal, all panellists indicated that removal of intravascular
catheters should be considered in a patient with candidaemia, and 20 of 22 indicated that these catheters should be
removed if feasible.
Panellists had differing views about the minimum required
time interval between central catheter removal and insertion
of a new catheter at a new body site, although most (16/23)
indicated that a new catheter could be inserted straight away
and that no delay was necessary. It is important that antifungal therapy be started before catheter exchange, and, in the
presence of an antifungal in the bloodstream, most panellists
felt that subsequent biofilm formation and colonization of
the new catheter would be prevented even if it was inserted
without a catheter-free interval.
Prophylaxis and empirical therapy in the ICU

Are there any ICU patients for whom prophylaxis is routinely indicated?
Background: Patients in ICUs have a high risk of developing invasive candidiasis, which increases with the length of
ICU stay. Studies on prophylaxis with fluconazole have
shown a reduction in the incidence of invasive Candida infections but not an improvement in survival in selected subsets
of high-risk ICU patients [58–60]. Antifungal prophylaxis
should be targeted at specific patients at high risk of developing candidiasis [61], and various selection rules have been
proposed to identify such patients [62].
Responses: Most panellists (18/21) felt that prophylaxis
was indicated for some ICU patients. All of the prophylaxis
trials to date have considered highly selected subsets of populations, and none of the studies has addressed the general
ICU population. All experts felt that high-risk solid organ
transplantation (liver or kidney–pancreas) is the most important factor requiring anti-Candida prophylaxis. Other risk factors that would make the panellists consider antifungal
prophylaxis included major abdominal surgery, new renal failure requiring haemodialysis/haemofiltration, total parenteral
nutrition, prolonged use of broad-spectrum antibiotics, and
prolonged ICU stay. As these factors are present in many
ICU patients, it was felt that they should not be considered
as indications for prophylaxis until a well-validated decision
rule is available, and that further studies are required to
identify specific high-risk groups so that antifungal prophylaxis can be targeted to those who will most benefit from it.
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Are there any subsets of ICU patients for whom empirical therapy
is indicated, and which risk factor would prompt intensivists to initiate empirical anti-Candida therapy?
Background: The IDSA guidelines state that empirical therapy should be administered only to febrile patients with Candida colonization (preferably at multiple sites) and multiple
other risk factors in the absence of any other demonstrable
cause of fever [50]. However, only about half of the ICU
patients with candidaemia are known to be colonized at the
time when the infection is diagnosed, mostly because they
acquire candidaemia early during their ICU stay [62]. A randomized controlled trial of 800 mg/day fluconazole vs. placebo showed no overall benefit in 270 adult ICU patients
with fever despite administration of broad-spectrum antibiotics [63]. Nevertheless, retrospective studies demonstrating a
strong correlation between delay in the start of antifungal
therapy and mortality in candidaemic patients [14,15] suggest
that early empirical therapy in patients at high risk of having
candidaemia may be beneficial.
Responses: The large majority of panellists (22/24) agreed
that empirical therapy is indicated in some subsets of ICU
patients. In identifying those ICU patients with unexplained
sepsis or septic shock (not just unexplained fever) who may
benefit from early empirical antifungal therapy while blood
culture results are pending, the panellists identified several
important risk factors: colonization at other body sites was
considered to be the most important risk factor (19
responses), and major abdominal surgery was also considered
to be important (12 responses), as were positive catheter tip
cultures (16 responses), although not justifying empirical
therapy if present as a single risk factor [64]. Prolonged ICU
stay, prolonged use of broad-spectrum antibiotics, the presence of a central line and haemodialysis/haemofiltration were
considered to be less important. These responses are in
agreement with a recent cohort study in Spain, which identified similar risk factors [65,66]. Only 12 panellists indicated
that they carried out surveillance cultures for Candida in ICU
patients, and 14 did so in neutropenic patients, whereas the
others did not carry out surveillance cultures routinely.
Diagnosis of invasive candidiasis

What is the clinical utility of the b-D-glucan assay?
Background: The diagnosis of invasive candidiasis relies
essentially on the culture of blood and other specimens from
normally sterile body sites. Several tests to detect Candida
antigens or antibodies are now available commercially
(CandTec, Pastorex Candida, Platelia Candida Ag (BioRad,
Marnes-la-Coquette, France); Fungitec G-test (Seikagaku,
Tokyo, Japan); Fungitell (Associates of Cape Cod, East
Falmouth, MA, USA)). Tests for the detection of Candida
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mannan (Pastorex Candida; Platelia Candida Ag) and antimannan antibodies have been explored in different patient
populations [67], but have shown variable sensitivity and
specificity in patient groups including surgical and ICU
patients [67–70]. Tests for the measurement of serum
(1 ﬁ 3)-b-D-glucan (Fungitec G-test; Fungitell) are not specific to Candida infection, as they detect b-D-glucan from
many fungal pathogens, including Aspergillus spp. and Fusarium
spp. [68,71]. However, detection of b-D-glucan may be a useful adjunct for the diagnosis of candidiasis in addition to
other indicators of infection [66].
Responses: Only six panellists indicated that they would
use the b-D-glucan assay in selected patients, and 15 indicated that there was insufficient evidence from clinical studies to support the use of this assay routinely. Panellists felt
that the lack of a control ‘at-risk’ population in the above
studies precludes a definitive judgement on the predictive
value of the test in clinical practice, and there were concerns
about the high rate of positive results in patients with other
fungal infections.
Most panellists considered the incidence of candidaemia
to be too low to justify the expense of the b-D-glucan test.
They also felt that a negative mannan test result and a negative b-D-glucan test result may be more useful for exclusion
of a diagnosis of candidaemia than a positive result would be
for the initiation of therapy.

Summary
All panellists participating in this European consensus conference agreed on the need for early intervention in candidaemia and the need to treat all patients with candidaemia.
Despite the conflicting data [56], there was also a consensus
that central intravenous lines should be changed wherever
possible, with most but not all panellists agreeing that a new
line can be inserted straight away. Overall, there was no
consensus on the most effective antifungal strategy, but there
was an obvious swing away from amphotericin B, because of
drug-related toxicity. Panellists strongly agreed that treatment strategies need to be modified on an individual patient
basis, depending on local epidemiological data, degree of
immune compromise, history of recent azole exposure, and
severity of illness. Most panellists favoured an echinocandin
in moderately or severely ill patients with candidaemia, those
recently exposed to azole drugs, and those with C. glabrata
or C. krusei infection. Although anidulafungin was found to be
superior to fluconazole in a recent comparative candidaemia
trial [22], most panellists felt that there were currently insufficient data available to judge the potential superiority of ech-
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inocandins over fluconazole in mildly ill, stable, azole-naı̈ve
patients. Although most panellists agreed that there is currently no indication for primary combination therapy in candidaemia, a number of the panellists felt that combination
therapy was useful for cerebral Candida infections and endocarditis.
Although serological methods can provide an early diagnosis of infection before blood culture results are known, most
experts felt that these assays do not have sufficient sensitivity or specificity to influence their clinical decision-making.
Most panellists agreed that antifungal prophylaxis in ICU
patients is indicated in some but not all patients. As in previous published studies [61,62,65], panellists felt that further
work was necessary to identify precisely which subsets of
patients would benefit the most from antifungal prophylaxis.
There was also agreement that empirical therapy would be
useful in some subsets of ICU patients with unexplained sepsis. Candida-positive catheter tips, colonization at multiple
body sites and major abdominal surgery were considered to
be the principal risk factors for candidaemia justifying empirical therapy in septic patients.
The data from this European expert consensus document
show that the introduction of a number of new antifungal
drugs has served to facilitate a more tailor-made approach
to antifungal therapy. Further clinical trials are required to
compare different antifungal treatment regimens in specific
patient populations, in order to determine the most effective
treatment strategy for defined subsets of patients. Until
these have been carried out and data are available to
demonstrate clinical superiority of one antifungal drug over
another, antifungal treatment needs to be modified on
an individual patient basis and should be guided by local
experience.
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Ömrüm Uzun has received research funding from Merck,
Basilea, Pfizer.
Jean-Louis Vincent has received funds for speaking, consultancy, advisory board membership, travel from Astellas,
Merck, Pfizer, Schering Plough.
J Peter Donnelly has received funds for speaking, consultancy, advisory board membership, travel from Astellas, Basilea, Gilead, Merck, Pfizer, Schering Plough; and has received
research funding from Gilead, Merck, Pfizer, Schering Plough.
Jacques Bille and Koenraad van de Woude have no conflicting or dual interests to declare. Please note that Prof.
Pietro Martino has sadly died in 2007.

References
1. Pappas PG, Rex JH, Lee J et al. A prospective observational study of
candidemia: epidemiology, therapy, and influences on mortality in
hospitalized adult and pediatric patients. Clin Infect Dis 2003; 37: 634–
643.
2. Marchetti O, Bille J, Fluckiger U et al. Epidemiology of candidemia in
Swiss tertiary care hospitals: secular trends, 1991–2000. Clin Infect Dis
2004; 38: 311–320.
3. Tortorano AM, Peman J, Bernhardt H 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: 317–322.
4. Guery BP, Arendrup MC, Auzinger G et al. Management of invasive
candidiasis and candidemia in adult non-neutropenic intensive care
unit patients: Part i. Epidemiology and diagnosis. Intensive Care Med
2009; 35: 55–62.
5. Kullberg BJ, Sobel JD, Ruhnke M et al. Voriconazole versus a regimen
of amphotericin B followed by fluconazole for candidaemia in nonneutropenic patients: a randomised non-inferiority trial. Lancet 2005;
366: 1435–1442.

ª2011 The Authors
Clinical Microbiology and Infection ª2011 European Society of Clinical Microbiology and Infectious Diseases, CMI, 17 (Suppl. 5), 1–12

Kullberg et al. Managing candidaemia in adults

CMI

6. Vincent JL, Anaissie E, Bruining H et al. Epidemiology, diagnosis and
treatment of systemic Candida infection in surgical patients under
intensive care. Intensive Care Med 1998; 24: 206–216.
7. Arendrup MC, Fuursted K, Gahrn-Hansen B et al. Semi-national surveillance of fungaemia in Denmark 2004–2006: increasing incidence of
fungaemia and numbers of isolates with reduced azole susceptibility.
Clin Microbiol Infect 2008; 14: 487–494.
8. Bassetti M, Righi E, Costa A et al. Epidemiological trends in nosocomial candidemia in intensive care. BMC Infect Dis 2006; 6: 21.
9. Arendrup MC. Epidemiology of invasive candidiasis. Curr Opin Crit
Care 2010; 16: 445–452.
10. Trick WE, Fridkin SK, Edwards JR, Hajjeh RA, Gaynes RP. Secular
trend of hospital-acquired candidemia among intensive care unit
patients in the United States during 1989–1999. Clin Infect Dis 2002;
35: 627–630.
11. Colombo AL, Nucci M, Salomao R et al. High rate of non-albicans
candidemia in Brazilian tertiary care hospitals. Diagn Microbiol Infect
Dis 1999; 34: 281–286.
12. Rocco TR, Reinert SE, Simms HH. Effects of fluconazole administration in critically ill patients: analysis of bacterial and fungal resistance.
Arch Surg 2000; 135: 160–165.
13. Edwards JE Jr, Bodey GP, Bowden RA et al. International conference for the development of a consensus on the management and
prevention of severe candidal infections. Clin Infect Dis 1997; 25:
43–59.
14. Morrell M, Fraser VJ, Kollef MH. Delaying the empiric treatment of
candida bloodstream infection until positive blood culture results are
obtained: a potential risk factor for hospital mortality. Antimicrob
Agents Chemother 2005; 49: 3640–3645.
15. Kumar A, Ellis P, Arabi Y et al. Initiation of inappropriate antimicrobial therapy results in a fivefold reduction of survival in human septic
shock. Chest 2009; 136: 1237–1248.
16. Lecciones JA, Lee JW, Navarro EE et al. Vascular catheter-associated
fungemia in patients with cancer: analysis of 155 episodes. Clin Infect
Dis 1992; 14: 875–883.
17. Kullberg B, Rex J, Ruhnke M, Sobel J, Pappas P. Candidaemia secondary to intravascular catheter colonisation?—authors’ reply Lancet
2006; 367: 729.
18. Leroy O, Gangneux JP, Montravers P et al. Epidemiology, management, and risk factors for death of invasive Candida infections in critical care: a multicenter, prospective, observational study in France
(2005–2006). Crit Care Med 2009; 37: 1612–1618.
19. Leroy O, Mira JP, Montravers P, Gangneux JP, Lortholary O. Comparison of albicans vs. non-albicans candidemia in French intensive
care units. Crit Care 2010; 14: R98.
20. Mora-Duarte J, Betts R, Rotstein C et al. Comparison of caspofungin
and amphotericin B for invasive candidiasis. N Engl J Med 2002; 347:
2020–2029.
21. DiNubile MJ, Hille D, Sable CA, Kartsonis NA. Invasive candidiasis in
cancer patients: observations from a randomized clinical trial. J Infect
2005; 50: 443–449.
22. Reboli AC, Rotstein C, Pappas PG et al. Anidulafungin versus
fluconazole for invasive candidiasis. N Engl J Med 2007; 356: 2472–
2482.
23. Kuse ER, Chetchotisakd P, da Cunha CA et al. Micafungin versus liposomal amphotericin B for candidaemia and invasive candidosis: a
phase III randomised double-blind trial. Lancet 2007; 369: 1519–1527.
24. Pappas PG, Rotstein CM, Betts RF et al. Micafungin versus caspofungin for treatment of candidemia and other forms of invasive candidiasis. Clin Infect Dis 2007; 45: 883–893.
25. Betts RF, Nucci M, Talwar D et al. A multicenter, double-blind trial
of a high-dose caspofungin treatment regimen versus a standard
caspofungin treatment regimen for adult patients with invasive candidiasis. Clin Infect Dis 2009; 48: 1676–1684.

11

26. Tuil O, Cohen Y. An open comparative multicenter study of intravenous (iv) itraconazole versus iv fluconazole in the treatment of
candidemia in non-neutropenic patients. Crit Care 2003; 7 (suppl 2):
S63–S64.
27. Vandewoude K, Vogelaers D, Decruyenaere J et al. Concentrations in
plasma and safety of 7 days of intravenous itraconazole followed by
2 weeks of oral itraconazole solution in patients in intensive care
units. Antimicrob Agents Chemother 1997; 41: 2714–2718.
28. Herbrecht R, Denning DW, Patterson TF et al. Voriconazole versus
amphotericin B for primary therapy of invasive aspergillosis. N Engl J
Med 2002; 347: 408–415.
29. Rex JH, Pappas PG, Karchmer AW et al. A randomized and blinded
multicenter trial of high-dose fluconazole plus placebo versus
fluconazole plus amphotericin B as therapy for candidemia and its
consequences in nonneutropenic subjects. Clin Infect Dis 2003; 36:
1221–1228.
30. Pfaller MA. Nosocomial candidiasis: emerging species, reservoirs, and
modes of transmission. Clin Infect Dis 1996; 22 (suppl 2): S73–S88.
31. Guinea J, Pelaez T, Rodriguez-Creixems M et al. Empirical treatment
of candidemia in intensive care units: fluconazole or broad-spectrum
antifungal agents? Med Mycol 2009; 47: 515–520.
32. Walsh TJ, Finberg RW, Arndt C et al. Liposomal amphotericin B for
empirical therapy in patients with persistent fever and neutropenia.
N Engl J Med 1999; 340: 764–771.
33. Walsh TJ, Pappas P, Winston DJ et al. Voriconazole compared with
liposomal amphotericin B for empirical antifungal therapy in patients
with neutropenia and persistent fever. N Engl J Med 2002; 346: 225–
234.
34. Walsh TJ, Teppler H, Donowitz GR et al. Caspofungin versus liposomal amphotericin B for empirical antifungal therapy in patients with
persistent fever and neutropenia. N Engl J Med 2004; 351: 1391–
1402.
35. European Committee on Antimicrobial Susceptibility Testing-Subcommittee on Antifungal Susceptibility Testing (EUCAST-AFST). EUCAST technical note on fluconazole. Clin Microbiol Infect 2008; 14:
193–195.
36. Subcommittee on Antifungal Susceptibility Testing of the ESCMID
European Committee for Antimicrobial Susceptibility Testing. EUCAST technical note on voriconazole. Clin Microbiol Infect 2008; 14:
985–987.
37. Krogh-Madsen M, Arendrup MC, Heslet L, Knudsen JD. Amphotericin B and caspofungin resistance in Candida glabrata isolates
recovered from a critically ill patient. Clin Infect Dis 2006; 42: 938–
944.
38. Arendrup MC, Garcia-Effron G, Buzina W et al. Breakthrough Aspergillus fumigatus and Candida albicans double infection during caspofungin treatment: laboratory characteristics and implication for
susceptibility testing. Antimicrob Agents Chemother 2009; 53: 1185–
1193.
39. Pfeiffer CD, Garcia-Effron G, Zaas AK, Perfect JR, Perlin DS, Alexander BD. Breakthrough invasive candidiasis in patients on micafungin.
J Clin Microbiol 2010; 48: 2373–2380.
40. Arendrup MC, Garcia-Effron G, Lass-Florl C et al. Echinocandin susceptibility testing of Candida species: comparison of EUCAST edef 7.1,
CLSI m27-a3, Etest, disk diffusion, and agar dilution methods with
RPMI and Isosensitest media. Antimicrob Agents Chemother 2010; 54:
426–439.
41. Slater JL, Howard SJ, Sharp A et al. Disseminated candidiasis caused
by Candida albicans with amino acid substitutions in fks1 at position
Ser645 cannot be successfully treated with micafungin. Antimicrob
Agents Chemother 2011; 55: 3075–3083.
42. Garcia-Effron G, Katiyar SK, Park S, Edlind TD, Perlin DS. A naturally
occurring proline-to-alanine amino acid change in fks1p in Candida
parapsilosis, Candida orthopsilosis, and Candida metapsilosis accounts for

ª2011 The Authors
Clinical Microbiology and Infection ª2011 European Society of Clinical Microbiology and Infectious Diseases, CMI, 17 (Suppl. 5), 1–12

12

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.
55.

56.

57.

Clinical Microbiology and Infection, Volume 17 Supplement 5, September 2011

reduced echinocandin susceptibility. Antimicrob Agents Chemother
2008; 52: 2305–2312.
Sipsas NV, Lewis RE, Tarrand J et al. Candidemia in patients with
hematologic malignancies in the era of new antifungal agents (2001–
2007): stable incidence but changing epidemiology of a still frequently
lethal infection. Cancer 2009; 115: 4745–4752.
Forrest GN, Weekes E, Johnson JK. Increasing incidence of Candida
parapsilosis candidemia with caspofungin usage. J Infect 2008; 56: 126–
129.
Pfeiffer CD, Garcia-Effron G, Zaas AK, Perfect JR, Perlin DS,
Alexander BD. Breakthrough invasive candidiasis on micafungin. J Clin
Microbiol 2010; 48: 2373–2380.
Vermes A, Guchelaar HJ, Dankert J. Flucytosine: a review of its pharmacology, clinical indications, pharmacokinetics, toxicity and drug
interactions. J Antimicrob Chemother 2000; 46: 171–179.
Schwartz S, Ruhnke M, Ribaud P et al. Improved outcome in central
nervous system aspergillosis, using voriconazole treatment. Blood
2005; 106: 2641–2645.
Pachl J, Svoboda P, Jacobs F et al. A randomized, blinded, multicenter
trial of lipid-associated amphotericin B alone versus in combination
with an antibody-based inhibitor of heat shock protein 90 in patients
with invasive candidiasis. Clin Infect Dis 2006; 42: 1404–1413.
Herbrecht R, Fohrer C, Nivoix Y. Mycograb for the treatment of
invasive candidiasis. Clin Infect Dis 2006; 43: 1083.
Pappas P, Andes D, Benjamin D et al. Clinical practice guidelines for
the management of candidiasis: 2009 update by the Infectious Diseases Society of America. Clin Infect Dis 2009; 48: 503–535.
Oude Lashof AML, Donnelly JP, Meis JFGM, Van der Meer JWM, Kullberg BJ. Duration of antifungal treatment and development of
delayed complications in patients with candidemia. Eur J Clin Microbiol
Infect Dis 2003; 22: 43–48.
Henderson DK, Edwards JE Jr, Montgomeries JZ. Hematogenous Candida endophthalmitis in patients receiving parenteral hyperalimentation fluids. J Infect Dis 1981; 143: 655–661.
Rodriguez-Adrian LJ, King RT, Tamayo-Derat LG, Miller JW, Garcia
CA, Rex JH. Retinal lesions as clues to disseminated bacterial and
candidal infections: frequency, natural history, and etiology. Medicine
(Baltimore) 2003; 82: 187–202.
Rex JH, Bennett JE, Sugar AM et al. Intravascular catheter exchange
and duration of candidemia. Clin Infect Dis 1995; 21: 994–996.
Nucci M, Anaissie E. Should vascular catheters be removed from all
patients with candidemia? An evidence-based review. Clin Infect Dis
2002; 34: 591–599.
Nucci M, Anaissie E, Betts RF et al. Early removal of central venous
catheter in patients with candidemia does not improve outcome:
analysis of 842 patients from 2 randomized clinical trials. Clin Infect
Dis 2010; 51: 295–303.
Walsh TJ, Rex JH. All catheter-related candidemia is not the same:
assessment of the balance between the risks and benefits of removal
of vascular catheters. Clin Infect Dis 2002; 34: 600–602.

CMI

58. Pelz RK, Hendrix CW, Swoboda SM et al. Double-blind placebo-controlled trial of fluconazole to prevent candidal infections in critically
ill surgical patients. Ann Surg 2001; 233: 542–548.
59. Garbino J, Lew DP, Romand JA, Hugonnet S, Auckenthaler R, Pittet
D. Prevention of severe Candida infections in nonneutropenic, highrisk, critically ill patients: a randomized, double-blind, placebo-controlled trial in patients treated by selective digestive decontamination.
Intensive Care Med 2002; 28: 1708–1717.
60. Eggimann P, Francioli P, Bille J et al. Fluconazole prophylaxis prevents
intra-abdominal candidiasis in high-risk surgical patients. Crit Care Med
1999; 27: 1066–1072.
61. Rex JH. Antifungal prophylaxis in the intensive care unit: who should
get it? Crit Care Med 2006; 34: 1286–1287.
62. Paphitou NI, Ostrosky-Zeichner L, Rex JH. Rules for identifying
patients at increased risk for candidal infections in the surgical intensive care unit: approach to developing practical criteria for systematic
use in antifungal prophylaxis trials. Med Mycol 2005; 43: 235–243.
63. Schuster MG, Edwards JE Jr, Sobel JD et al. Empirical fluconazole
versus placebo for intensive care unit patients: a randomized trial.
Ann Intern Med 2008; 149: 83–90.
64. Perez-Parra A, Munoz P, Guinea J, Martin-Rabadan P, Guembe M,
Bouza E. Is Candida colonization of central vascular catheters in noncandidemic, non-neutropenic patients an indication for antifungals?
Intensive Care Med 2009; 35: 707–712.
65. Leon C, Ruiz-Santana S, Saavedra P et al. A bedside scoring system
(‘Candida score’) for early antifungal treatment in nonneutropenic
critically ill patients with Candida colonization. Crit Care Med 2006;
34: 730–737.
66. Leon C, Ruiz-Santana S, Saavedra P et al. Usefulness of the ‘Candida
score’ for discriminating between Candida colonization and invasive
candidiasis in non-neutropenic critically ill patients: a prospective multicenter study. Crit Care Med 2009; 37: 1624–1633.
67. Prella M, Bille J, Pugnale M et al. Early diagnosis of invasive candidiasis
with mannan antigenemia and antimannan antibodies. Diagn Microbiol
Infect Dis 2005; 51: 95–101.
68. Mitsutake K, Miyazaki T, Tashiro T et al. Enolase antigen, mannan
antigen, cand-tec antigen, and beta-glucan in patients with candidemia.
J Clin Microbiol 1996; 34: 1918–1921.
69. Sendid B, Poirot JL, Tabouret M et al. Combined detection of mannanaemia and antimannan antibodies as a strategy for the diagnosis of
systemic infection caused by pathogenic Candida species. J Med Microbiol 2002; 51: 433–442.
70. Arendrup MC, Bergmann OJ, Larsson L, Nielsen HV, Jarlov JO,
Christensson B. Detection of candidaemia in patients with and without underlying haematological disease. Clin Microbiol Infect 2010; 16:
855–862.
71. Ostrosky-Zeichner L, Alexander BD, Kett DH et al. Multicenter
clinical evaluation of the (1–>3) beta-d-glucan assay as an aid to
diagnosis of fungal infections in humans. Clin Infect Dis 2005; 41:
654–659.

ª2011 The Authors
Clinical Microbiology and Infection ª2011 European Society of Clinical Microbiology and Infectious Diseases, CMI, 17 (Suppl. 5), 1–12

