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statements, which was distributed to ICU 
healthcare providers (including intensive 
care specialists, infectious disease special-
ists, microbiologists and pharmacists) in 
France, Germany, Italy, Spain and the UK. 
All participants had to have at least 2–5 
years of experience in their specialty. The 
threshold for consensus was set at 75%.

RESULTS: There was a total of 335 
responses to the survey. Very high agree-
ment (≥90%) was reached for 29 (66%) of 
the statements, while 11 (25%) had high 
agreement (75% to <90%), and four (9%) 
did not reach consensus. There was a strong 
consensus on the patient characteristics 
that indicate high suspicion of infection, 
and that physicians need to be aware of 
the local incidence of IFIs and rate of azole 
resistance in their ICUs. The respondents 
also agreed that treatment should be started 
as quickly as possible when IFI is suspected, 
and not delayed to await test results. It was 
agreed that more evidence is required on the 
incidence of IFIs in specific patient groups, 
and the role of antifungal prophylaxis in at-
risk ICU populations. Beta-D-glucan testing 
should be widely available to help guide the 
cessation of empirical antifungal treatment.

CONCLUSIONS: This survey identified a 
number of areas that need improvement, 
and may help guide future research on opti-
mizing the management of IFIs in the ICU.

BACKGROUND & AIM: The prevalence of 
invasive fungal infections (IFIs) is increasing 
around the world, and is a particular prob-
lem in the intensive care unit (ICU). Can-
dida species are the most common cause of 
infections, but invasive aspergillosis is also 
frequently reported. Diagnosis is difficult 
because of a lack of specific clinical and 
radiological findings and difficulties with 
laboratory-based tests, and this affects the 
ability to provide rapid treatment, which 
is essential for improving outcomes. Anti-
fungal resistance and the emergence of rare 
fungal species present additional challenges. 
The aim of this study was to describe opti-
mal care and identify challenges to the diag-
nosis and management of IFIs in the ICU by 
conducting a consensus survey of healthcare 
professionals.

STUDY DESIGN: Survey.

ENDPOINTS: Consensus statements on the 
diagnosis and management of IFIs.

METHOD: Modified Delphi methodology 
was used to develop a set of 44 Likert-scale 
statements focusing on six main domains 
relating to the management of IFIs in the 
ICU. These domains included patient 
screening, the minimum standard for diag-
nosis, initiation and change of treatment, 
termination of treatment, managing side 
effects, and insights on future research. 
An online survey was created from these 

AUTHORS: Hoenigl M, Enoch DA, Wichmann D, Wyncoll D, Cortegiani A

CENTRE FOR CORRESPONDENCE: Division of Infectious Diseases, Medical University of Graz,  

Graz, Austria

Mycopathologia, 2024 May 5; 189(3):41

EXPLORING EUROPEAN CONSENSUS ABOUT THE 
REMAINING TREATMENT CHALLENGES  

AND SUBSEQUENT OPPORTUNITIES TO IMPROVE 
THE MANAGEMENT OF INVASIVE FUNGAL 

INFECTION (IFI) IN THE INTENSIVE CARE UNIT
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plus pneumonia-suspicious CT findings). 
Microbiological and radiological data were 
collected, including the results of lower 
respiratory tract fluid testing for bacteria, 
fungi and viruses. Multivariate analysis was 
used to assess associations between micro-
biological factors and mortality.

RESULTS: The rates of ICU and 1-year 
mortality were 63.0% and 81.0%, respec-
tively. Overall, 58.1% of patients had pneu-
monia-causing pathogens, and 20.7% had 
multimicrobial infections. The prevalence 
of fungal, bacterial and viral pathogens was 
36.2%, 22.4% and 16.7%, respectively, 
and 34.6% of patients had concomitant 
reactivated human herpesviruses. Of note, 
multimicrobial infection with a combina-
tion of respiratory virus infection plus 
Aspergillus species superinfection was asso-
ciated with high ICU and 1-year mortality 
rates of 78.9% and 89.5%, respectively. 
Microbiological risk factors associated with 
ICU mortality included probable invasive 
Aspergillus disease with positive serum 
galactomannan, and pulmonary Cytomeg-
alovirus reactivation at intubation (table). 
No associations between type of infection 
and 1-year mortality were found. 

CONCLUSIONS: Mortality rates were high 
among patients with haematological malig-
nancies on invasive mechanical ventilation 
due to pneumonia. Risk factors included 
pulmonary aspergillosis and pulmonary 
reactivation of Cytomegalovirus.

BACKGROUND & AIM: A high pro-
portion of patients with haematological 
malignancies experience severe infectious 
complications due to the immune effects 
of their disease and its treatment. Those 
who develop pneumonia and consequently 
require invasive mechanical ventilation 
have a particularly high mortality rate of 
up to 70%. To help predict outcomes and 
improve treatment for this patient popula-
tion, this study assessed microbiological 
risk factors associated with intensive care 
unit (ICU) mortality and 1-year mortality in 
patients with haematological malignancies 
and pneumonia requiring invasive mechani-
cal ventilation.

STUDY DESIGN: Retrospective, single-
centre study.

ENDPOINTS: ICU mortality and 1-year 
mortality; associated risk factors.

METHOD: The study included 246 adults 
with haematological malignancies admitted 
to the ICU between 2004 and 2016 who 
required invasive mechanical ventilation 
because of pneumonia (clinical diagnosis 

AUTHORS: Seybold B, Funk T, Dreger P, Egerer G, Brandt J, Mueller-Tidow C, Giesen N, Merle U

CENTRES: Department of Anesthesiology; Department of Hematology, Oncology and Rheumatology; 

Department of Internal Medicine IV, Heidelberg University Hospital, Heidelberg; Department of 

Dermatology, Venereology and Allergology, Frankfurt University Hospital, Frankfurt; Department of 

Hematology, Oncology and Palliative Care, Robert Bosch Hospital, Stuttgart, Germany

European Journal of Clinical Microbiology & Infectious Diseases, 2024 September; 43(9):1679–88

MICROBIOLOGICAL RISK FACTORS, ICU SURVIVAL, 
AND 1-YEAR SURVIVAL IN HEMATOLOGICAL 

PATIENTS WITH PNEUMONIA REQUIRING INVASIVE 
MECHANICAL VENTILATION

Microbiological risk factors for intensive care unit mortality in patients with 
haematological malignancies and pneumonia requiring invasive mechanical ventilation 
(multivariate analysis)

	 Odds ratio (95% confidence
	 interval), p

Probable invasive Aspergillus disease with positive serum	 3.1 (1.2–8.0), p=0.021
galactomannan

Pulmonary Cytomegalovirus reactivation at intubation	 5.3 (1.1–26.8), p=0.043

Viral pneumonia	 2.0 (0.8–5.1), p=0.136
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2017 and 2022 from two US regions. These 
were analysed by multivariate logistic 
regression to determine risk factors for all-
cause mortality during facility admission, 
and blood culture clearance. Patients were 
stratified by severity of illness based on Pitt 
bacteraemia score (0, 1–4, 5–8). 

RESULTS: Among 187 patients with C. 
auris BSI (43.9% female, 55.6% aged >65 
years), the all-cause mortality rate was 
54.6%. Among 142 patients with evaluable 
data, 66.9% achieved blood culture clear-
ance. Bedbound patients (i.e. low palliative 
performance scale score on admission) and 
patients with feeding tubes tended to have 
higher Pitt scores at the time of the index 
culture. Most patients developed BSI (indi-
cated by index culture) within 30 days of 
facility admission (see figure), and over half 
of deaths following BSI occurred within 45 
days of the index culture. Pitt bacteraemia 
score at onset of C. auris BSI was associated 
with mortality (odds ratio 1.19 per 1-point 
increase, p=0.037). Haemodialysis was 
also associated with mortality (OR 3.08, 
p=0.013), as well as with a reduced likeli-
hood of blood culture clearance (OR 0.15, 
p<0.001).

CONCLUSIONS: Among patients with C. 
auris BSI, Pitt bacteraemia score at onset 
may help identify those at greatest risk of 
dying. Prophylactic anti-infection measures 
could mitigate poor outcomes in those 
receiving haemodialysis.

BACKGROUND & AIM: Candida auris is 
a high-priority pathogen with an increasing 
incidence worldwide and a propensity for 
invasive infections. Up to 25% of intensive 
care unit patients with C. auris colonization 
will develop C. auris bloodstream infec-
tions (BSIs). This study evaluated clinical 
outcomes of patients with C. auris BSI, and 
explored risk factors for poor outcomes.

STUDY DESIGN: Multicentre, retrospective 
cohort study.

ENDPOINTS: The coprimary endpoints 
were all-cause mortality during facility 
admission and blood culture clearance. 
Time to BSI index culture and time from 
BSI index culture to death were also 
investigated.

METHOD: Demographic, clinical and 
microbiological data were obtained for 
adult patients with C. auris BSI between 

AUTHORS: Jimenez A, Rosa R, Ayoub S, Guran R, Arenas S, Valencia N, Stabile JC, Estepa AT, Parekh DJ, 

Ferreira T, Gershengorn HB, Prabaker KK, Eckardt PA, Zahn M, Abbo LM, Shukla BS

CENTRE FOR CORRESPONDENCE: Department of Public Health Sciences, Miller School of Medicine, 

University of Miami Health System, Miami, Florida, USA

Clinical Infectious Diseases, 2024 August 13; Epub ahead of print
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POOR CLINICAL AND MICROBIOLOGIC OUTCOMES 

IN C. AURIS BLOODSTREAM INFECTION:
A MULTICENTER RETROSPECTIVE COHORT STUDY
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field experiments assessed the potential of 
various azole fungicides to select for ARAf.

RESULTS: ARAf was found in 20% of 
the 366 samples (16% TR34/L98H and 
4% TR46/Y121F/T289A), and in 4.2% of 
the 4538 A. fumigatus isolates identified. 
ARAf was found in all of the different envi-
ronmental sample types, with the highest 
proportions found in flower- and compost-
related samples. The proportions of ARAf 
in the samples did not correlate with azole-
fungicide application concentrations. Using 
genotyping, a cluster of TR34/L98H was 
identified that was widely distributed across 
the country and was found in both clini-
cal and environmental isolates. In the field 
experiment, poor growth of A. fumigatus 
was observed and there was no change in 
the proportions of ARAf between prespray-
ing and postspraying samples. However, the 
microcosmos experiments indicated that 
some azole fungicides may encourage selec-
tion of ARAf in soil, as tebuconazole caused 
sustained complete inhibition and prothio-
conazole partial inhibition of wild-type A. 
fumigatus but not of ARAf.

CONCLUSIONS: There is evidence of ARAf 
in a wide range of environmental samples 
in Denmark, with compost, flowerbeds and 
flower production being the main hotspots. 
Increasing resistance rates will challenge 
patient management and could possibly be 
slowed by prioritizing the use of A. fumiga-
tus-active azole fungicides.

BACKGROUND & AIMS: Increasing evi-
dence suggests that selection of azole-resist-
ant Aspergillus fumigatus (ARAf) can occur 
in the environment. In Denmark, nation-
wide surveillance of clinical A. fumigatus 
between 2018 and 2020 found environmen-
tal-origin resistance mutations TR34/L98H 
or TR46/Y121F/T289A present in 3.6% 
of clinical isolates. The aims of the current 
study were to perform extensive environ-
mental sampling to determine hotspots for 
ARAf, the effect of azole concentrations on 
resistance development, characterize resist-
ance mechanisms and molecular genotypes, 
and investigate the potential of various 
azole fungicides to select for ARAf.

STUDY DESIGN: Environmental sampling 
study.

ENDPOINT: ARAf in environmental 
samples.

METHOD: A total of 366 samples were 
collected from agricultural fields, flower-
beds in parks and private gardens, flower 
and potato production soil, compost soil/
heaps, animal bedding/manure heaps and 
wood paint-associated soil in Denmark 
between 2020 and 2023. A. fumigatus iso-
lates identified in the samples underwent 
azole-resistance screening, and any ARAf 
underwent molecular characterization and 
genotyping. Azole concentrations used on 
the environmental samples were determined 
for eight azole fungicides. Microcosmos and 

AUTHORS: Arendrup MC, Hare RK, Jørgensen KM, Bollmann UE, Bech TB, Hansen CC, Heick TM, 

Jørgensen LN 

CENTRES: Rigshospitalet, Copenhagen University; Statens Serum Institut; Geological Survey of Denmark 

and Greenland, Copenhagen; and Aarhus University, Flakkebjerg, Slagelse, Denmark

Emerging Infectious Diseases, 2024 August; 30(8):1531–41

ENVIRONMENTAL HOT SPOTS AND  
RESISTANCE-ASSOCIATED APPLICATION PRACTICES 
FOR AZOLE-RESISTANT ASPERGILLUS FUMIGATUS, 

DENMARK, 2020–2023
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advanced age, major surgery, ICU admis-
sion, solid and haematological malig-
nancies, solid-organ transplantation, 
corticosteroid use, total parenteral nutri-
tion, central venous catheters and burns. 
Other risk factors identified in Candida II 
(ICU patients) included recent use of broad-
spectrum antibiotics, rheumatological 
disease, recent steroid use and dialysis. The 
mortality rate was high in all three stud-
ies, with a crude 30-day mortality rate of 
around 38%. Candida III also calculated an 
attributable mortality of 18.1%.
	 In Candida I, 84.5% of patients received 
antifungal therapy (primarily fluconazole 
or amphotericin B). In Candida II, 16.5% 
of post-surgical ICU patients received anti-
fungal prophylaxis, most often fluconazole, 
which was also the most frequent initial 
antifungal treatment, followed by caspo-
fungin. Antifungal prophylaxis (mainly flu-
conazole) was also administered to 16.5% 
of patients in Candida III, while echinocan-
dins were the most common initial treat-
ment (56%) and were associated with a 
lower mortality rate than other antifungals.

CONCLUSIONS: Key findings of the 
ECMM Candida studies include shifts in 
species distribution, with an increase in 
non-albicans species, and persistently high 
mortality rates. The article also looks ahead 
to the forthcoming Candida IV study, 
which will focus on non-albicans species.

BACKGROUND & AIM: The European 
Confederation of Medical Mycology 
(ECMM) conducted three prospective 
studies across multiple European countries 
between 1997 and 2022 looking at differ-
ent features of invasive Candida infections, 
including clinical and microbiological char-
acteristics, antifungal therapy and clinical 
outcomes. This article reviews key findings.

ARTICLE TYPE: Review.

FINDINGS: Candida I (which included 
2089 patients with candidaemia based on 
hospital records) identified C. albicans 
as the most common pathogen (56%), 
although the incidence of non-albicans 
infections was high versus previous stud-
ies. Candida II (779 surgical patients with 
invasive candidiasis in the intensive care 
unit, ICU) found that most (80.5%) devel-
oped Candida infections >48 hours after 
ICU admission (i.e. ICU-acquired infec-
tions). In Candida III (632 patients with 
culture-proven candidaemia), the incidence 
of C. albicans infection was 46% and the 
90-day mortality rate was 43%. The study 
identified increasing age, ICU admission, 
high Charlson comorbidity index score and 
C. tropicalis infection as independent pre-
dictors of mortality. First-line echinocandin 
treatment was associated with improved 
survival, but also a longer hospital stay due 
to its parenteral administration.
	 Risk factors for invasive Candida infec-
tions identified by the studies included 

AUTHORS: Wolfgruber S, Sedik S, Klingspor L, Tortorano A, Gow NA, Lagrou K, Gangneux JP, Maertens J, 

Meis JF, Lass-Flörl C, Arikan-Akdagli S, Cornely OA, Hoenigl M

CENTRE FOR CORRESPONDENCE: Division of Infectious Diseases, Department of Internal Medicine, 

Medical University of Graz, Graz, Austria

Mycopathologia, 2024 August 1; 189(4):70

INSIGHTS FROM THREE PAN-EUROPEAN 
MULTICENTRE STUDIES ON INVASIVE CANDIDA 

INFECTIONS AND OUTLOOK TO ECMM CANDIDA IV
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participants who had a positive Candida 
blood culture between 12 hours before and 
72 hours after randomization, or a positive 
culture from another normally sterile site 
between 48 hours before and 72 hours after 
randomization.

RESULTS: The analysis included 38 
rezafungin recipients and 46 caspofungin 
recipients. The 30-day all-cause mortality 
rate, 14-day global cure rate and 14-day 
mycological eradication rate were similar in 
both subgroups (table). There was a non-
significant trend towards a higher 5-day 
mycological eradication rate with rezafungin 
versus caspofungin (table). There was also 
a non-significant trend towards a shorter 
median time to negative blood culture with 
rezafungin versus caspofungin (23.9 versus 
60.5 hours, nominal p=0.094). Negative 
blood culture rates were higher in rezafungin 
recipients versus caspofungin recipients at 
24 hours after treatment initiation (55.2% 
versus 27.3%, nominal p=0.0162) but not at 
48 hours after treatment initiation (58.6% 
versus 43.8%, nominal p=0.2460). The 
nature, incidence and severity of adverse 
events were similar in the two subgroups.

CONCLUSIONS: Among ReSTORE par-
ticipants with candidaemia and/or invasive 
candidiasis with a positive Candida blood 
culture close to randomization, rezafungin 
showed similar efficacy to caspofungin. 
Rezafungin appeared to provide more rapid 
clearance of Candida infection.

BACKGROUND & AIM: In the ReSTORE 
study, a novel, once-weekly echinocandin, 
rezafungin, was non-inferior to caspofungin 
in terms of 30-day all-cause mortality and 
14-day global cure rate in patients with 
candidaemia and/or invasive candidiasis. A 
pre-planned subgroup analysis of ReSTORE 
participants who had a positive Candida 
culture close to randomization has now 
been reported.

STUDY DESIGN: Subgroup analysis of a 
multicentre, randomized, double-blind, 
double-dummy trial.

ENDPOINTS: Thirty-day all-cause mortal-
ity, 14-day global cure rate, 5- and 14-day 
mycological eradication rates, median time 
to negative blood culture, and adverse events.

METHOD: The original study randomized 
adults with candidaemia and/or invasive 
candidiasis to treatment with once-weekly 
intravenous rezafungin (400 mg on day 1, 
then 200 mg) or once-daily intravenous 
caspofungin (70 mg on day 1, then 50 
mg). This subgroup analysis focused on 

AUTHORS: Soriano A, Honore PM, Cornely OA, Chayakulkeeree M, Bassetti M, Haihui H, Dupont H,  

Kim YK, Kollef M, Kullberg BJ, Manamley N, Pappas P, Pullman J, Sandison T, Dignani C, Vazquez JA, 

Thompson III GR

CENTRE FOR CORRESPONDENCE: University of California Davis Medical Center, Sacramento, 

California, USA

Clinical Infectious Diseases, 2024 July 10; Epub ahead of print

TREATMENT OUTCOMES AMONG PATIENTS 
WITH A POSITIVE CANDIDA CULTURE CLOSE TO 
RANDOMIZATION RECEIVING REZAFUNGIN OR 

CASPOFUNGIN IN THE RESTORE STUDY

Outcomes with rezafungin versus caspofungin in ReSTORE participants with candidaemia 
and/or invasive candidiasis with a positive Candida blood culture close to randomization 

	 Rezafungin	 Caspofungin	 Treatment difference,
	 (%)	 (%)	 % points (95%
			   confidence interval)

30-day all-cause mortality rate	 26.3	 21.7	 4.6 (–13.7 to 23.5)

14-day global cure rate	 55.3	 50.0	 5.3 (–16.1 to 26.0)

5-day mycological eradication rate	 71.1	 50.0	 21.1 (–0.2 to 40.2)

14-day mycological eradication rate	 63.2	 54.3	 8.8 (–12.4 to 29.0)
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and risk factors for infection. Publication 
of the FPPL is an important first step in 
raising awareness of fungal pathogens, but 
increased coverage of fungal diseases in the 
medical curriculum is needed, along with 
joint training programmes to educate both 
clinicians and laboratory technicians in 
fungal disease management. There is also a 
need to encourage scientists to specialize in 
mycology, and for sustainable investment in 
research and development.
	 Strategies to tackle antifungal resistance 
should include increased routine resistance 
testing, efficient stewardship programmes 
to limit inappropriate use of antifungal 
agents, and the One Health approach that 
can mitigate the use of antimicrobials in the 
environment. In Northern Europe there is 
widespread air exposure to azole-resistant 
Aspergillus fumigatus, which accounts for 
around 40% of resistant infections. 
	 The FPPL is also important for strength-
ening local guidance on tackling fungal dis-
eases and improving healthcare systems to 
promote evidence-based therapy. 

CONCLUSIONS: The FPPL is a major 
step in increasing awareness of fungal 
pathogens, and highlights the importance of 
strengthening laboratory capacity and sur-
veillance, improving education, and encour-
aging sustainable investment in research 
and development and in public health 
interventions.

BACKGROUND & AIM: Fungal diseases 
affect more than 1 billion people globally 
and antifungal resistance is increasing. In 
response to this widely overlooked global 
public health concern, the World Health 
Organization published the first fungal 
priority pathogens list (FPPL) in 2022, with 
the aim of strengthening the global response 
to fungal diseases and antifungal resistance 
by focusing research priorities and driving 
policy interventions. The authors reviewed 
the impact of FPPL on regional clinical 
practice by conducting a workshop with 
key experts from Northern Europe.

ARTICLE TYPE: Review.

FINDINGS: The FPPL has highlighted the 
challenge of estimating the global burden 
of fungal diseases and antifungal resistance 
due to limited surveillance, diagnostic cov-
erage and routine antifungal resistance test-
ing. Current diagnostic methodologies are 
limited as they require a high level of expe-
rience for identifying fungi and can take up 
to 30 days. Molecular testing is more rapid 
and sensitive but there are few tests widely 
available commercially. Broadening access 
to mycology laboratories and to afford-
able, high-quality diagnostics is needed to 
improve fungal disease surveillance as well 
as early and accurate diagnosis.
	 Improved surveillance also relies on ade-
quate knowledge and education regarding 
the clinical presentation of fungal infections 

AUTHORS: Arendrup MC, Armstrong-James D, Borman AM, Denning DW, Fisher MC, Gorton R, Maertens J, 

Martin-Loeches I, Mehra V, Mercier T, Price J, Rautemaa-Richardson R, Wake R, Andrews N, White PL 

CENTRE FOR CORRESPONDENCE: Public Health Wales Mycology Reference Laboratory and Cardiff 

University Centre for Trials Research, University Hospital of Wales, Cardiff, UK

Open Forum Infectious Diseases, 2024 July 1; 11(7):ofae372

THE IMPACT OF THE FUNGAL PRIORITY 
PATHOGENS LIST ON MEDICAL MYCOLOGY:

A NORTHERN EUROPEAN PERSPECTIVE
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probable IA on the basis of GM-EIA) with 
527 samples (all sera). A first round of test-
ing with the GM-Monotest and GM-LFA 
led to 18 and 70 of these sera being rated 
positive, respectively. Testing of a second 
aliquot resulted in two (11.1%) of the 
GM-Monotest samples and 32 (45.7%) of 
the GM-LFA samples being reclassified as 
negative. With the GM-LFA assay, 26.3% 
of sera gave a reading in an “equivocal” 
zone, where the manufacturer recommends 
re-testing. Comparison of their receiver 
operating characteristic curves showed no 
significant difference between the GM-
Monotest and GM-LFA (area under the 
receiver operating characteristic curve 
0.985 versus 0.988, p=0.239) and they 
both showed good agreement with GM-EIA 
results. The cross-sectional cohort included 
59 patients (six proven IA, 53 probable IA) 
who generated 184 samples (96 sera, 83 
BALF, five CSF). Again, performance of the 
two rapid assays correlated well with GM-
EIA, with Cohen’s kappa being 0.89 for the 
GM-Monotest and 0.82 for the GM-LFA. 
Both tests had significantly better sensitivity 
when used to test BALF versus serum.     

CONCLUSIONS: The GM-LFA and GM-
Monotest rapid diagnostic tests performed 
similarly to GM-EIA but, due to poor 
reproducibility, positive GM-LFA tests 
should always be confirmed by re-testing.

BACKGROUND & AIM: Rapid diagnosis 
is key to reducing mortality in patients 
with invasive aspergillosis (IA), but existing 
galactomannan (GM) enzyme immunoas-
says (EIA) can be a diagnostic bottleneck. 
The aim of this study was to evaluate the 
performance of two rapid diagnostic tests 
– a GM lateral flow assay (GM-LFA) and 
a recently introduced chemiluminescence 
immunoassay (GM-Monotest).   

STUDY DESIGN: Laboratory study. 

ENDPOINTS: Diagnostic performance.

METHOD: The rapid tests were compared 
on the basis of their performance in ana-
lysing retained serum, bronchoalveolar 
lavage fluid (BALF) or cerebrospinal fluid 
(CSF) samples from two patient cohorts: 
(1) patients who had undergone allogeneic 
haematopoietic stem-cell transplantation 
(alloHSCT) during 2010 and (2) a cross-
sectional cohort of all patients with proven 
or probable IA diagnosed between 2015 
and 2020 at the university hospital in Erlan-
gen. Positive samples were confirmed by 
re-testing of a second aliquot of the same 
sample. Testing by the GM-LFA method 
was carried out with visual evaluation and 
using a digital cube reader, while for the 
GM-Monotest an automated analyser was 
used.

RESULTS: The alloHSCT cohort com-
prised 101 patients (one proven IA, three 
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targeted to premature neonates with low 
(<1500 g) or very low (<1000 g) birth-
weight plus additional risk factors (e.g. 
mechanical ventilation). An antifungal stew-
ardship policy was in place in 44% of the 
neonatal units. Antifungal drugs were given 
to 174 patients. The median weekly propor-
tion of patients prescribed antifungals was 
10.5% (range 6.9–12.6%). Prophylaxis 
was the indication for prescribing 135 of 
the 174 antifungal courses (78%), while 
39 courses (22%) were prescribed as treat-
ment (69% empirical, 10% pre-emptive, 
21% targeted). The most frequently pre-
scribed systemic agent was fluconazole, 
which was used both for prophylaxis 
(98.5% of courses) and treatment (38.5% 
of courses). The most common risk factors 
in neonates given prophylaxis were prema-
ture birth (88%), mechanical ventilation 
(81%) and central vascular catheteriza-
tion (66%), whereas only 41% of courses 
were in patients with gestational age <28 
weeks and only 36% were in patients with 
a birthweight <1000 g. Late-onset sepsis 
was the most common reason for empirical 
treatment (63%). All eight of the targeted 
antifungal courses were prescribed to treat 
invasive candidiasis.

CONCLUSIONS: In European neonatal 
units, antifungal usage appeared to be 
mainly driven by prophylaxis and empirical 
treatment. In both these settings, flucona-
zole was the most frequently prescribed 
antifungal agent.

BACKGROUND & AIM: For critically ill 
neonatal and paediatric patients, invasive 
fungal infections represent a major threat. 
Difficulties in diagnosis in this popula-
tion and the high morbidity and mortality 
of invasive fungal infections can lead to 
increased or excessive antifungal prescribing 
in neonatal units, and antifungal steward-
ship programmes are warranted. However, 
there are limited data on antifungal pre-
scribing patterns for neonatal patients, with 
published data restricted to single-centre or 
single-country studies or to 1-day record-
ings. The aim of this study was to assess 
longitudinal antifungal usage in neonatal 
units in Europe.

STUDY DESIGN: Prospective, weekly 
point-prevalence study.

ENDPOINTS: Antifungal indications, 
patient risk factors and antifungal regimens. 

METHOD: The study was carried out in 18 
hospitals across eight European countries 
during a 12-week period in 2020. The study 
population comprised all neonatal patients 
who received systemic antifungal treatment. 
At the start of the study, ward-specific 
data on antifungal practices were collected; 
during the study period, ward- and patient-
specific data were collected weekly.

RESULTS: Of the 27 participating neonatal 
units, 15 (56%) implemented antifungal 
prophylaxis, with the majority of courses 
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the identification of aspergillosis coinfec-
tion. In addition, polymerase chain reaction 
(PCR) assays were performed to detect 
Aspergillus- and Mucorales-specific DNA.

RESULTS: Analysing fungal cultures from 
sterile and non-sterile sites identified 
Aspergillus species growth in nine patients 
(13%), from two sterile and seven non-
sterile cultures. Fungal PCR analyses of the 
FFPE tissue sections identified Mucorales-
specific results in 26 patients (39%), and 
Aspergillus-specific results in five patients 
(7%). Eight patients (12%) had both posi-
tive Aspergillus- and Mucorales-specific 
PCR results. Combining cultures and PCR 
results, a total of 21 out of 67 patients 
(31%) with proven mucormycosis had evi-
dence of aspergillosis coinfection. The prev-
alence of positive blood or bronchoalveolar 
lavage fluid galactomannan results was 
higher in patients with coinfection than in 
those with mucormycosis only (67% versus 
37%, p=0.024). There were no significant 
differences in 30-, 90- or 180-day mortality 
between the two groups

CONCLUSIONS: Molecular and/or micro-
biological evidence of aspergillosis coin-
fection was identified in almost a third 
of patients with proven mucormycosis. 
The use of multiple diagnostic methods is 
needed to identify patients with coinfec-
tions, to ensure optimal antifungal therapy.

BACKGROUND & AIM: Mucormycosis 
and aspergillosis are particularly chal-
lenging to diagnose and manage because 
of their similar risk factors and clinical 
manifestations. Fungal cultures often have 
low sensitivity, while microscopic findings 
may be inconsistent, making it difficult to 
differentiate between them. Several studies 
have reported cases of  mucormycosis and 
aspergillosis coinfection, and emphasised 
the importance of distinguishing between 
them to ensure optimal antifungal therapy. 
However, this has not yet been investigated 
systematically. The aim of the current study 
was therefore to assess aspergillosis coinfec-
tion in patients with proven mucormycosis.

STUDY DESIGN: Retrospective review of 
medical records.

ENDPOINT: Aspergillosis coinfection.

METHOD: The study included 67 adults 
with proven mucormycosis diagnosed at a 
tertiary hospital between 2007 and 2023, 
whose medical records were reviewed, and 
for whom formalin-fixed paraffin-embed-
ded (FFPE) tissue sections were available for 
analysis. Proven mucormycosis was defined 
as the identification of mucormycosis-caus-
ing agents from sterile specimens and/or 
positive mucormycosis immunohistochem-
istry (IHC) findings. IHC was performed 
on the tissue sections, and the slides were 
examined by an experienced pathologist for 
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liposomal amphotericin B 10 mg/kg, plus 
14 days of flucytosine 25 mg/kg four times 
a day and fluconazole 1200 mg per day. 
However, there is no clinical trial evidence 
for this regimen in patients with non–HIV-
associated cryptococcal meningitis or other 
non-CNS cryptococcosis syndromes. There 
have been no trials of consolidation or 
maintenance therapy in recent years, but 
fluconazole 400–800 mg per day for 8 
weeks is recommended for consolidation, 
and fluconazole 200 mg per day for up to 
12 months for maintenance.
	 It is important to provide the most 
effective antifungal therapy possible to 
optimize outcomes, and to monitor for and 
minimize potential toxic effects, in order to 
avoid having to stop treatment or switch to 
an inferior regimen unnecessarily. Clinical 
relapse should be expected and monitored 
for, so the cause can be properly investi-
gated. Adherence to therapy and the devel-
opment of drug–drug interactions should 
also be evaluated throughout treatment. 
Other recommendations include ensuring 
that raised intracranial pressure is managed 
by therapeutic lumbar puncture or surgical 
decompression as necessary, and investigat-
ing potential underlying immunodeficiencies 
(particularly HIV infection).

CONCLUSIONS: This global guideline pro-
vides recommendations on the management 
of cryptococcosis, but should be adapted to 
suit local practices.

BACKGROUND & AIM: Cryptococcosis 
is a disseminated invasive fungal infection 
associated with significant morbidity and 
mortality. It commonly affects the lungs 
and central nervous system (CNS), but dis-
seminated disease can involve other organs 
while appearing to be localized. The disease 
is particularly common in low- and middle-
income countries, including sub-Saharan 
Africa, where the main risk factor is HIV/
AIDS. The most severe form is cryptococcal 
meningitis, which has a mortality rate of 
24–47% at 10 weeks. This article presents a 
global guideline for the diagnosis and man-
agement of cryptococcosis.

ARTICLE TYPE: Clinical guideline.

FINDINGS: The choice and duration of 
antifungal treatment for cryptococcosis 
should depend on the specific clinical syn-
drome, which can be divided into CNS, 
disseminated disease, isolated pulmonary 
disease and direct skin inoculation. In 
high-income countries, the optimal induc-
tion therapy for cryptococcal meningitis, 
disseminated cryptococcosis and severe 
isolated pulmonary cryptococcosis is lipo-
somal amphotericin B at a dose of 3–4 mg/
kg per day plus flucytosine 25 mg/kg four 
times a day. In low-income settings (where 
antifungal access, adverse effects and 
monitoring present challenges), the opti-
mal induction therapy for HIV-associated 
cryptococcal meningitis is a single dose of 
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