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Editorial

An Evolving Challenge: Fungal Infections in the Contemporary
ICU

Ayman O. Soubani

Division of Pulmonary, Critical Care and Sleep Medicine, Wayne State University School of Medicine,
Detroit, MI 48201, USA; asoubani@med.wayne.edu

Fungal infections have become an integral and increasingly complex component of
modern intensive care medicine. Improvements in critical care survival have expanded the
population of patients exposed to prolonged mechanical ventilation, broad-spectrum an-
timicrobial therapy, central venous access, extracorporeal organ support, and immunomod-
ulatory agents, all of which contribute to profound alterations in host immunity. Fungal
infections in critically ill patients are common and are no longer limited to those who are
immunocompromised. They are also associated with excess mortality, prolonged length of
stay, and substantial healthcare utilization, particularly when diagnosis and initiation of
appropriate antifungal therapy are delayed.

Invasive candidiasis remains the most frequently encountered fungal infection in
critically ill patients and constitutes the majority of fungal bloodstream infections in the
ICU. While Candida albicans historically predominated, there has been a sustained global
shift toward non-albicans species, including Candida glabrata, Candida parapsilosis, Candida
tropicalis, and, more recently, the multidrug-resistant Candida auris. This epidemiologic
evolution has significant therapeutic and stewardship implications, given species-specific
differences in virulence, antifungal susceptibility, and propensity for nosocomial transmis-
sion. It is currently recommended to use an echinocandin as first-line empiric therapy for
most ICU patients with suspected invasive candidiasis, while highlighting the importance
of early de-escalation based on species identification and susceptibility testing [1].

In parallel, invasive aspergillosis has emerged as a major cause of morbidity and
mortality in the ICU beyond its traditional association with neutropenia and hematologic
malignancy. Critically ill patients with acute respiratory distress syndrome (ARDS), chronic
obstructive pulmonary disease, liver failure, or prolonged corticosteroid exposure are now
recognized as being at substantial risk [2]. Influenza-associated pulmonary aspergillosis
(IAPA) and COVID-19-associated pulmonary aspergillosis (CAPA) have been highlighted
by recent respiratory viral pandemics and reflect the role of severe respiratory viral infec-
tions and critical illness in predisposing to invasive aspergillosis [3]. Mortality in these
populations remains high and is compounded by diagnostic uncertainty and delayed
initiation of mold-active antifungal therapy.

Other rare fungal infections that may be associated with critical illness and require
ICU care include mucomycosis in severely immunocompromised patients and those with
diabetic ketoacidosis. Pneumocystis jirovecii in patients with HIV and other immunosup-
pressive conditions is another fungal infection that may be associated with acute respiratory
failure and the need for invasive mechanical ventilation. Endemic fungi such as histoplasma
and blasomyces are rare but may also be encountered.

Reported incidence rates of invasive fungal infections in the ICU vary widely accord-
ing to case mix, surveillance intensity, and geographic region, but contemporary studies
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estimate that approximately 3–10% of critically ill patients develop these types of seri-
ous infections, with higher rates in selected populations, such as those with severe viral
pneumonia or complicated intra-abdominal infections [4]. Across etiologies, mortality
remains unacceptably high and is consistently linked to delays in appropriate antifungal
treatment, reinforcing guideline recommendations for early therapy in high-risk patients
while avoiding indiscriminate antifungal use [1,5].

The timely diagnosis of fungal infections in critically ill patients remains a central
challenge. Clinical features are nonspecific and frequently indistinguishable from bacterial
sepsis or sterile inflammatory syndromes. Conventional culture-based diagnostics lack
sensitivity and are often delayed, while differentiation between colonization and invasive
disease—particularly for Candida in respiratory or urinary specimens and Aspergillus in
airway samples—remains problematic. Multiple diagnostic criteria have been suggested for
the diagnosis of IFI in critically ill patients that endorse the use of non-culture diagnostics,
including β-D-glucan, galactomannan, and molecular assays, as adjunctive tools, but
acknowledge important limitations in ICU populations, including false positivity related to
renal replacement therapy, antibiotic exposure, mucosal injury, and critical illness itself [6].

Therapeutic management is further complicated by altered pharmacokinetics in
critical illness, organ dysfunction, extracorporeal support modalities, and clinically sig-
nificant drug–drug interactions. Triazole antifungals require careful attention to ab-
sorption, metabolism, and therapeutic drug monitoring, while emerging resistance
among Candida spp. and azole-resistant Aspergillus increasingly constrain treatment op-
tions. These challenges underscore the importance of ICU-specific antifungal steward-
ship strategies that integrate local epidemiology, rapid diagnostics, and individualized
pharmacologic optimization.

Against this backdrop, future advances in the management of ICU-associated fungal
infections will depend on improved early diagnostic strategies, refined risk stratification,
and the development of novel antifungal agents with activity against resistant pathogens.
The integration of predictive models, host immune biomarkers, and real-time surveillance
data may allow for a transition from empiric to precision-guided antifungal therapy.

This Special Issue of the Journal of Fungi presents a synopsis of fungal infections in
intensive care medicine, with original research and review articles that primarily focus
on the two main severe fungal infections: candida and Aspergillus. Research papers on
candida discuss resistance patterns, infection in cardiothoracic ICU, and the association
with severe COVID infection. Another paper provides insight into the epidemiology and
outcomes of invasive aspergillosis in patients with liver failure. The review papers discuss
the state of the art in terms of the risk factors, diagnosis and management of these serious
infections in critically ill patients.

Conflicts of Interest: The authors declare no conflicts of interest.
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Article

Candida albicans Horizontal Transmission in COVID-19 Patients
Hospitalized in Intensive Care Unit

Magdalena Skóra 1,*, Katharina Rosam 2, Magdalena Namysł 3,4, Anna Sepioło 3, Mateusz Gajda 1, Justyna Jędras 5,
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Abstract: Background: Invasive candidiasis is a predominant mycosis in hospitalized patients, and
Candida albicans is the species most often responsible for this infection. Most candidiasis cases originate
from endogenous mycobiota; therefore, Candida strains can easily be transferred among hospital
patients and personnel. The aim of this study was to assess the possible horizontal transmission
of C. albicans in patients with severe COVID-19 infection requiring hospitalization in the intensive
care unit. Methods: In total, 59 C. albicans strains from 36 patients were collected from blood and
lower-respiratory samples. The strains were genotyped using the RAPD method with the OPA-18
primer (5′-AGCTGACCGT-3′). Antifungal susceptibility testing was performed for amphotericin
B (AMB), fluconazole (FCZ), voriconazole (VCZ), and anidulafungin (ANF) using the EUCAST
method. Results: C. albicans strains were separated into 13 different groups according to their RAPD
pattern. Two predominant clonal clusters of 17 strains isolated from 12 patients and 12 strains
from 7 patients were identified, followed by clusters with 6, 4, and 8 strains isolated from 5, 4, and
3 patients, respectively. C. albicans strains were sensitive to AMB, FCZ, VCZ, and ANF, and antifungal
susceptibility profiles were similar in all genetic clusters. Conclusions: Our study indicates that C.
albicans strains can spread horizontally. The routes of transmission for strains in the ward have not
been explained due to there being insufficient data. The transmission could have been caused by the
unintentional spread of pathogens by medical personnel.

Keywords: Candida albicans; horizontal transmission; outbreak; intensive care unit; SARS-CoV-2;
molecular epidemiology; COVID-19 pandemic; genotyping

1. Introduction

Candida is a predominant human fungal pathogen that causes a wide spectrum of
infections, ranging from mucocutaneous to deep-seated. The species Candida albicans is
still the most frequently isolated from clinical samples and a leading cause of candidiasis;
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however, an increase in the clinical importance of other species, including those intrinsically
less susceptible or resistant to antifungal drugs, has been observed over many years [1,2].
It is estimated that non-albicans species may constitute more than 50% of the etiological
factors of candidemia [3,4]. In the last two decades, Candida auris in particular has attracted
particular attention and concern. It is known for its multidrug resistance, resistance to
disinfectants, and ability to cause healthcare-associated outbreaks due to its long survival
period in the environment and the possibility of horizontal transmission by, e.g., healthcare
workers [5].

The source of infection, regardless of the form of candidiasis and its severity, is usually
the patient’s natural mycobiota colonizing the skin and mucous membranes. Disturbances
to immune and hormonal homeostasis and other components of the microbiota, as well
as an impaired skin barrier and gastrointestinal mucous membrane breakage, may lead
to the intensive colonization of endogenous Candida spp. and their translocation to other
tissues, including physiologically sterile sites [2]. Life-threatening invasive infections
mainly affect patients undergoing immunosuppressive therapy, those with long-term use
of corticosteroids or antibiotics, and those with long-term vascular catheters. Critically ill
patients in intensive care units (ICUs) are at high risk for developing invasive candidiasis
due to the accumulation of multiple predisposing factors [6–9]. Thus, the diagnosis of
infection in this group of patients is difficult and complex. These patients often do not
meet the criteria for an invasive fungal disease according to guidelines developed by the
European Organization for Research and Treatment of Cancer (EORTC) and the Mycoses
Study Group Education and Research Consortium (MSGERC) [10]. Therefore, they require
separate, thorough diagnostics and the individual interpretation of test results [11–13].

During the global COVID-19 pandemic, it was observed that infection with, and a
severe course of, the SARS-CoV-2 virus, leading to the subsequent need for intensive hospi-
tal care, also represent a factor favoring fungal infections. In COVID-19 patients, invasive
candidiasis was among the most commonly reported mycoses, along with pulmonary
aspergillosis and mucormycosis [14,15]. The increased susceptibility of COVID-19 patients
to fungal infections and the higher incidence of candidemia in critically ill COVID-19
patients compared to non-COVID-19 patients are due to the effects of the virus dysreg-
ulating the host’s immune system and the medical procedures for treating coronavirus
disease. These factors, among others, could lead to a reduced ability to defend against
fungal pathogens [14,16]. In Poland, the COVID-19 pandemic has had a significant impact
on the health service and medical care. Temporary units and wards were created to treat
patients requiring hospitalization due to coronavirus disease. In particular, in the first
period of the pandemic, the organization of medical care was quite chaotic, and access
to various procedures and personal protective equipment (PPE) for healthcare workers
was difficult. These factors influenced the quality of medical care and the comfort of work
for medical staff [17]. Newly introduced procedures, limitations in resources, and the
discomfort associated with the long-term use of PEE could have intensified the horizontal
transmission of microorganisms in the hospital environment and increased the risk of in-
fections with hospital strains. Horizontal transfer between patients admitted in COVID-19
units was described for bacterial pathogens [18–20]. C. albicans and other Candida species
have been reported to cause nosocomial outbreaks in the past, although before the era of C.
auris, they were considered rather rare [21–23]. Therefore, the question arose as to whether,
during the COVID-19 pandemic, there was horizontal transmission of the most common
Candida species—C. albicans—in wards where patients with severe coronavirus disease
were hospitalized.

Objective

The current publication aimed to assess the possible horizontal transmission of C.
albicans in COVID-19-positive ICU patients during the pandemic period. Due to the
retrospective nature of this analysis and insufficient clinical data, this study did not examine
candidiasis and the distinction between C. albicans infection and colonization, but only
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strain transmission between patients staying on the same ward. The study included only
strains deposited during routine microbiological diagnostics performed during the patients’
hospitalization. Due to the sanitary rules introduced in the COVID-19 pandemic, it was not
possible to carry out additional tests, and no environmental or medical personnel studies
were performed. The current analysis was limited to the species C. albicans, which turned
out to be the predominant Candida species from clinical materials. Therefore, C. albicans
isolates were genotyped, and their antifungal susceptibility profiles were compared.

2. Materials and Methods

2.1. Study Setting and Patient Population

The study covers the period between 1 May 2021 and 31 January 2022, during which
1614 patients (18,810 patient days, pds) with COVID-19, confirmed by SARS-CoV-2 PCR
tests (COBAS 6800, Roche, Basel, Switzerland or in the CITO mode GeneXpert System,
Cepheid, Sunnyvale, CA, USA), were hospitalized in the COVID-19-dedicated ICU of
University Hospital in Krakow, Poland. Laboratory tests were performed depending on
the patient’s clinical condition.

2.2. Candida Detection and Isolation

Classic culture methods and serological tests were used to detect Candida spp. in
clinical samples. In the analyzed period, mannan and anti-mannan antibody-detecting as-
says (Platelia Candida Ag Plus and Platelia Candida Ab Plus, Bio-Rad, Marnes-la-Coquette,
France) were performed in 22 and 15 patients, with 28 and 17 tests, respectively. Beta-
D-glucan (Fungitell, Associates of Cape Cod, Inc., East Falmouth, MA, USA) was tested
in 37 patients with 51 tests. All serological tests were carried out in accordance with
the manufacturers’ instructions. Altogether, 238 patients had multiple blood cultures
(BacT/ALERT 3D 480, bioMerieux, Marcy-l’Etoile, France; BacT/ALERT VIRTUO CLINIC,
bioMerieux, Marcy-l’Etoile, France) (1047 cultures in total), and 214 underwent fungal
cultures of materials collected from the lower respiratory tract (LRT) (405 tests in total)
including bronchoalveolar lavage (BAL) and other materials (bronchial lavage, tracheal
aspirate, and secretion from the bronchial tree), called, for the purposes of this publication,
non-bronchoscopic lavage (NBL). Candida strains were isolated on Sabouraud glucose agar
with gentamicin and chloramphenicol (OXOID) at 25 ◦C and 35 ◦C. Species identification
was performed with matrix-associated laser desorption ionization–time-of-flight mass spec-
trometry (MALDI-TOF MS) VITEK®MS (bioMerieux, Marcy-l’Etoile, France) (ver. V3.2).
The strains were stored at minus 70 ◦C for further research. Before genotyping the species,
identification was confirmed via Sanger sequencing, using ITS primers.

2.3. Candida Albicans Genotyping

Genomic DNA was extracted from freshly grown colonies on Sabouraud glucose
agar with cetyltrimethylammonium bromide (CTAB) according to the method described
by Lackner et al. [24]. The strains were genotyped using the random amplified polymor-
phic DNA (RAPD) method with the OPA-18 primer (5′-AGCTGACCGT-3′). The PCR
mixture contained 12.5 μL mastermix (Kappa2G Fast Hotstart, Merck KG, Darmstadt,
Germany), 0.5 μM primer, and 30 ng of DNA template in a total reaction volume of 25 μL.
The procedure included 38 cycles of 60 s at 94 ◦C and 60 s at 36 ◦C and two minutes
at 72 ◦C according to Bautista-Munoz et al. 2003 [25]. The samples were separated on
a 1.2% agarose gel (Biozym Scientific GmbH, Hessisch Oldendorf, Germany) at 170 V
for 90 min. The band patterns were compared visually in sets; a difference of ≥3 was
considered as indicating different genotypes.

2.4. Candida Albicans Antifungal Susceptibility Testing

The antifungal susceptibility testing (AFST) of C. albicans isolates was performed
according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST)
method for yeasts [26]. Minimal inhibitory concentration (MIC) values were obtained
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for the amphotericin B (AMB) (Pol-Aura, Morąg, Poland), fluconazole (FCZ) (Pol-Aura,
Poland), voriconazole (VCZ) (Pol-Aura, Poland), and anidulafungin (ANF) (Merck,
Darmstadt, Germany). RPMI 1640 medium with L-glutamine and without sodium
bicarbonate (Merck, Germany) supplemented with 2% glucose (Chempur, Piekary
Śląskie, Poland) and buffered to pH 7 with 4-morpholinepropanesulfonic acid (MOPS;
0.165 mol/L, Fluorochem, Pune, India) was used as a culture medium. Dimethyl sul-
foxide (DMSO) (Chempur, Poland) served as a solvent and diluent for drugs. The
studies were performed using flat-bottom polystyrene 96-well microdilution plates
(Nest, Wuxi, China). The results were read with a microdilution plate reader (Tecan Sun-
rise, Männedorf, Switzerland), using a wavelength of 530 nm, and interpreted according
to the breakpoints determined by the EUCAST [27].

3. Results

During the analyzed period, 104 Candida strains from 53 COVID-19 patients hospi-
talized in the temporary COVID-19-dedicated ICU of The University Hospital in Krakow,
Poland, were isolated from blood samples (11 strains) and LRT samples (93 strains). The
isolated species included C. albicans (56.73%), C. glabrata (15.38%), C. tropicalis (12.5%), C.
dubliniensis (9.62%), C. inconspicua (2.88%), C. parapsilosis (1.92%), and C. lusitaniae (0.96%).
C. auris was not detected.

In total, 59 C. albicans strains (4 blood isolates and 55 LRT isolates) from 36 patients
were genotyped, and antifungal drug susceptibility profiles were compared (Tables 1–3).
One strain did not survive the freezing procedure (strain no 73, Table 1) and was not
included in the study. Patient characteristics and data on co-infection with other Candida
species are included in Table 1. The OPA-18 primer gave RAPD patterns of 3->10 bands
(Supplementary Information Figure S1). C. albicans strains were separated into 13 different
groups according to their RAPD pattern (Table 2, Figure 1). The biggest group forming
one clonal cluster (cluster no. 2) was found to contain 17 C. albicans strains and was linked
to 12 patients. Another big C. albicans cluster (cluster no. 1) was found to contain 12 C.
albicans strains from seven patients followed by clusters no. 5, no. 4, and no. 6, with 6, 4,
and 8 strains isolated from five, four, and three patients, respectively. All other clusters
were minor, with 1–4 isolates per RAPD pattern (Table 2).

Table 1. Characteristics of COVID-19 patients hospitalized in the intensive care unit with the isolation
of Candida albicans from blood and lower respiratory tract samples.

Patient Characteristics C. albicans Cultures

Other Candida Species Cultures
(Type of Sample, Date of

Collection)

Antifungal
Treatment

DeathPatient
No

Sex
Age

[Year]
LOS [Day]

LOS/ICU
[Day]

CVC MV Strain No
Type of
Sample

Sample Collection
Date

RAPD
Genetic
Cluster

1 M 62 76 76 Y Y 122/A NBL 15 October 2021 5 C. tropicalis (NBL, 15 October and
19 November 2021) * N Y

2 M 35 9 9 Y N 96 NBL 1 September 2021 2 N N N

3 M 71 32 32 Y Y
6 NBL 12 May 2021 2 C. glabrata, C. tropicalis (NBL, 18

April 2021) N Y
18 BAL 17 May 2021 2

4 F 73 14 14 Y Y 163 NBL 9 September 2021 2 N Y
(1-day FCZ) Y

5 F 75 52 51 Y Y
32 Blood 23 May 2021 2 C. glabrata (NBL, 12 April and 5

May 2021) *
Y

(1-day VCZ) Y
33 Blood 21 May 2021 2

6 M 60 13 13 Y Y 28A NBL 22 May 2021 2 C. glabrata (NBL, 22 May 2021)
(urine, 22 May 2021) * N Y

7 M 81 2 2 Y Y 138 NBL 2 November 2021 2 N N Y

8 M 71 27 27 Y Y 23 NBL 19 May 2021 13 N N Y

9 F 82 18 12 Y Y 147 BAL 4 November 2021 3 N N Y

10 M 69 7 2 Y Y 67 NBL 19 June 2021 5 N N Y

11 F 63 23 23 Y Y

117 BAL 8 October 2021 2
C. lusitaniae (NBL, 21 September

and 24 September 2021) * N Y109A BAL 21 September 2021 2

111B BAL 24 September 2021 9
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Table 1. Cont.

Patient Characteristics C. albicans Cultures

Other Candida Species Cultures
(Type of Sample, Date of

Collection)

Antifungal
Treatment

DeathPatient
No

Sex
Age

[Year]
LOS [Day]

LOS/ICU
[Day]

CVC MV Strain No
Type of
Sample

Sample Collection
Date

RAPD
Genetic
Cluster

12 F 73 78 77 Y Y

77 NBL 6 August 2021 6

N
Y

(FCZ) N
85 NBL 24 August 2021 2

79A BAL 12 August 2021 2

91A NBL 30 August 2021 2

13 F 51 42 22 Y Y 45 NBL 29 May 2021 8 C. glabrata (urine, 13 May and 22
May and 29 May 2021)

Y
(3-day CAS) Y

14 F 72 6 6 Y Y 161 NBL 9 November 2021 5 N N Y

15 F 80 21 21 Y Y
123 NBL 21 October 2021 1

N N Y
145 NBL 3 November 2021 1

16 F 77 46 46 Y Y 56 BAL 11 June 2021 8 N N N

17 F 75 15 15 Y Y 116 NBL 7 October 2021 4 N N Y

18 M 32 34 x N N 10B BAL 13 May 2021 11 N Y
(FCZ) N

19 F 66 61 40 Y Y
73 NBL 4 July 2021 Not tested

N N N
74 NBL 8 July2021 2

20 M 60 27 9 Y Y
108 NBL 19 September 2021 5

N
Y

(VCZ) Y
104B NBL 15 September 2021 5

21 M 31 10 9 Y Y

136 NBL 1 November 2021 1

N N N146 NBL 3 November 2021 1

151 BAL 4 November 2021 1

22 M 56 27 16 Y Y 8B NBL 12 May 2021 4 N Y
(FCZ) Y

23 M 65 32 22 Y Y 102 NBL 15 September 2021 8 N N Y

24 M 68 18 18 Y Y 132 BAL 30 October 2021 4 N N N

25 M 68 24 22 Y Y

89 NBL 26 August 2021 7

N
Y

(FCZ) Y93 NBL 31 August 2021 1

99 NBL 7 September 2021 2

26 F 66 23 5 Y Y 159/A NBL 9 November 2021 4

C.glabrata (NBL, urine 9 November
and 13 November 2021), C. krusei
(NBL, urine 9 Nomvember 2021)

(urine, 13 November 2024),
C.dubliniensis (blood, NBL, 13

November 2024)

N Y

27 F 29 24 12 Y Y 153 BAL 4 November 2021 1 N N N

28 M 76 54 53 Y Y

80 NBL 13 August 2021 6

N
Y

(17-day CAS)
(5-day FCZ)

Y

81 Blood 11 August 2021 6

86 NBL 24 August 2021 6

95 NBL 31 August 2021 6

98 NBL 4 September 2021 6

101 NBL 8 September 2021 6

29 M 66 99 25 Y Y 97 NBL 2 September 2021 6 N N Y

30 M 58 11 4 Y Y
134 NBL 31 October 2021 1

N N Y
150 NBL 4 November 2021 2

31 F 71 13 11 Y Y 14 NBL 14 May 2021 7 N N Y

32 M 73 38 30 Y Y
119 BAL 10 October 2021 1

N N Y
124 NBL 22 October 2021 1

33 F 33 29 17 Y Y
43 NBL 28 May 2021 1

N N Y
57A BAL 9 June 2021 1

34 M 82 95 63 Y Y 112 NBL 26 September 2021 10 N N N

35 M 71 144 142 Y Y
4 NBL 10 May 2021 12

N
Y

(3-day CAS),
(16-day FCZ)

N
40 Blood 24 May 2021 5

36 M 58 13 1 Y Y 140 NBL 2 November 2021 2 N N Y

CVC—central venous catheter, LOS—length of hospital stay, LOS/ICU—length of stay in the intensive care
unit, MV—mechanical ventilation, NBL—non-bronchoscopic lavage (lower respiratory tract samples other than
bronchoalveolar lavage), FCZ—fluconazole, VCZ—voriconazole, CAS—caspofungin, N—no, Y—yes, * C. albicans
was also isolated from the samples.
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Table 2. Candida albicans genetic clusters in random amplified polymorphic DNA (RAPD) assay.

RAPD Genetic
Cluster

C. albicans Strain
No

Gel
Picture No

Type of Clinical
Sample

Sample Collection Date Patient No Hospitalization Date Antifungal Treatment Death

1

43 12 BAL 28 May 2021
33 20 May 2021 no 17 June 2021

57A 15 BAL 9 June 2021

93 26 BAL 31 August 2021 25 16 August 2021 fluconazole (2 September 2021) 9 September 2021

119 41 BAL 10 October 2021
32 27 September 2021 no 3 November 2021

124 44 NBL 22 October 2021

123 43 BAL 21 October 2021
15 21 October 2021 no 11 November 2021

145 50 NBL 3 November 2021

134 46 BAL 31 October 2021 30 25 October 2021 no 4 November 2021

136 47 BAL 1 November 2021

21 30 October 2021 no no146 51 BAL 3 November 2021

151 54 BAL 4 November 2021

153 55 BAL 4 November 2021 27 30 October 2021 no no

2

33 10 Blood 21 May 2021
5 05.04.2021 voriconazole (26 May 2021) 26 May 2021

32 9 Blood 23 May 2021

6 2 NBL 12 May 2021
3 17.04.2021 no 19 May 2021

18 6 BAL 17 May 2021

28A 8 BAL 22 May 2021 6 13 May 2021 no 26 May 2021

74 17 NBL 8 July 2021 19 25 June 2021 no no

79A 19 BAL 12 August 2021

12 5 August 2021 fluconazole no85 22 BAL 24 August 2021

91A 25 BAL 30 August 2021

99 31 BAL 7 September 2021 25 16 August 2021 fluconazole 9 September 2021

96 28 NBL 1 September 2021 2 1 September 2021 no no

109A 36 BAL 21 September 2021
11 20 September 2021 no 13 October 2021

117 40 BAL 8 October 2021

140 49 BAL 2 November 2021 36 22 October 2021 no 3 November 2021

150 53 BAL 4 November 2021 30 25 October 2021 no 4 November 2021

163 58 BAL 9 November 2021 4 29 October 2021 fluconazole (11 November 2021) 12 November 2021

138 48 BAL 2 November 2021 7 1 November 2021 no 3 November 2021

3 147 52 BAL 4 November 2021 9 23 April 2021 no 11 May 2021

4

8B 3 NBL 12 May 2021 22 22 April 2021 fluconazole (8 May 2021) 18 May 2021

116 39 BAL 7 October 2021 17 26 September 2021 no 11 October 2021

159/A 56 BAL 9 November 2021 26 23 October 2021 no 9 November 2021

132 45 BAL 30 October 2021 24 30 October 2021 no no

5

40 11 Blood 24 May 2021 35 4 April 2021 caspofungin (26 May–28 May 2021),
fluconazole (28 May–12 June 2021) no

67 16 BAL 19 June 2021 10 13 June 2021 no 19 June 2021

104B 34 BAL 15 September 2021
20 29 August 2021 voriconazole (22 September 2021) 24 September 2021

108 35 BAL 19 September 2021

122/A 42 BAL 15 October 2021 1 3 October 2021 no 18 December 2021

161 57 BAL 9 November 2021 14 4 November 2021 no 10 November 2021

6

97 29 BAL 2 September 2021 29 14 June 2021 no 20 September 2021

77 18 BAL 6 August 2021 12 5 August 2021 fluconazole (14–18 August 2021) no

81 21 Blood 11 August 2021

28 5 August 2021 caspofungin (16 August–22 August 2021),
fluconazole (29 August–2 September 2021) 28 September 2021

80 20 BAL 13 August 2021

86 23 BAL 24 August 2021

95 27 BAL 31 August 2021

98 30 BAL 4 September 2021

101 32 NBL 8 September 2021

7
14 5 BAL 14 May 2021 31 1 May 2021 no 14 May 2021

89 24 BAL 26 August 2021 25 16 August 2021 fluconazole (2 September 2021) 9 September 2021

8

45 13 BAL 29 May 2021 13 24 April 2021 caspofungin (2 June–4 June 2021) 4 June 2021

56 14 BAL 11 June 2021 16 5 June 2021 no no

102 33 BAL 15 September 2021 23 17 August 2021 no 18 September 2021

9 111B 37 BAL 24 September 2021 11 20 September 2021 no 13 October 2021

10 112 38 BAL 26 September 2021 34 12 September 2021 no no

9
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Table 2. Cont.

RAPD Genetic
Cluster

C. albicans Strain
No

Gel
Picture No

Type of Clinical
Sample

Sample Collection Date Patient No Hospitalization Date Antifungal Treatment Death

11 10B 4 BAL 13 May 2021 18 30 April 2021 fluconazole no

12 4 1 NBL 10 May 2021 35 4 April 2021 caspofungin (26–28 May 2021), fluconazole
(28 May–12 June) no

13 23 7 BAL 19 May 2021 8 1 May 2021 no 27 May 2021

BAL—bronchoalveolar lavage, NBL—non-bronchoscopic lavage (samples from lower respiratory tract other than
bronchoalveolar lavage).

Table 3. Minimal inhibitory concentration (MIC) values [mg/L] obtained for the most numerous
Candida albicans clusters.

C. albicans RAPD
Cluster Number

AMB FCZ VCZ ANF

MIC Range MIC50 MIC90 MIC Range MIC50 MIC90 MIC Range MIC50 MIC90 MIC Range MIC50 MIC90

1 0.012–0.25 0.125 0.125 ≤0.125–0.25 0.25 0.25 ≤0.008–0.016 ≤0.008 0.016 ≤0.008 ≤0.008 ≤0.008

2 0.06–0.25 0.125 0.125 ≤0.125–0.5 0.25 0.5 ≤0.008–0.031 0.016 0.03 ≤0.008–0.031 ≤0.008 0.016

4 0.06–0.25 0.125 0.25 0.125–0.25 0.25 0.25 ≤0.008 ≤0.008 ≤0.008 ≤0.008–0.016 ≤0.008 0.016

5 0.06–0.125 0.125 0.125 ≤0.125–0.5 0.25 0.5 ≤0.008–0.031 ≤0.008 0.03 ≤0.008–0.016 ≤0.008 0.016

6 0.06–0.125 0.125 0.125 ≤0.125–0.25 ≤0.125 0.25 ≤0.008–0.016 ≤0.008 0.016 ≤0.008–0.016 ≤0.008 0.016

7 0.125 0.125 0.125 ≤0.125–0.25 ≤0.125 0.25 ≤0.008–0.031 ≤0.008 0.03 ≤0.008 ≤0.008 ≤0.008

8 0.125 0.125 0.125 0.25 0.25 0.25 0.016–0.031 0.016 0.03 ≤0.008 ≤0.008 ≤0.008

AMB—amphotericin B, FCZ—fluconazole, VCZ—voriconazole, ANF—anidulafungin, MIC—minimal inhibitory
concentration, MIC50—concentration of antifungal drug able to inhibit 50% of strains tested, MIC90—concentration
of antifungal drug able to inhibit 90% of strains tested.

Figure 1. Isolation of Candida albicans strains belonging to different genotypes during the analyzed period.
A dashed frame of the same color (blue or yellow or green or orange or purple) indicates strains isolated
from the same patient. RAPD—random amplified polymorphic DNA, BAL—bronchoalveolar lavage,
NBAL—non-bronchoscopic lavage (samples from lower respiratory tract other than bronchoalveolar
lavage). In the case of the isolation of several C. albicans strains belonging to the same genotype from
one patient (e.g., patient no. 28), only the strain isolated earliest is included in this Figure.

All C. albicans strains were sensitive to AMB, FCZ, VCZ, and ANF with MIC ranges
of 0.062–0.25 mg/L, ≤0.125–0.5 mg/L, ≤0.008–0.031 mg/L, and ≤0.008–0.031 mg/L, re-
spectively. Antifungal susceptibility profiles were similar in all genetic clusters (Table 3,
Supplementary Information Table S1). Antifungal treatment was initiated in 10 out of
36 patients (28%) (Tables 1 and 2). In toral, 26 patients died (72%), including 7 (70%) who
had received antifungal drugs. The fatality case rate for patients colonized with strains
belonging to the largest clusters, i.e., no. 2, no. 1, no. 5, and no. 4, were 75%, 71%, 80%,
and 75–100%, respectively (Table 2). The data for patient treatment obtained from the
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computer database were incomplete; for some cases, we do not have the information on
the period of treatment, only the date of initiation of the therapy. In one of the two cases of
invasive candidiasis confirmed by positive blood cultures (patient no. 35) for which there
was complete treatment information available, treatment (3 days CAS, then 16 days FCZ)
was started two days after sample collection and proved effective (the patient survived). In
the second case (patient no. 28), the patient died despite the implementation of therapy
(7 days CAS, then 5 days FCZ). Therapy was initiated 5 days after blood sample collection,
which could be the reason for the lack of efficacy of the therapy, but there was a long period
from the end of therapy to death (26 days), which raises doubts as to the cause of death. No
further blood cultures were taken, but the same genotype found in the blood was isolated
2 and 7 days after the end of antifungal therapy from NBL samples (strains no. 98 and 101)
(Tables 1 and 2). In the remaining cases in which antimycotics were used, C. albicans strains
were isolated from LRT samples, and their clinical significance could not be determined
retrospectively. In four cases (patients no. 5, 13, 20, and 25), antifungal therapy (VCZ or
CAS or FCZ) was initiated 4 to 7 days after sample collection, and all cases ended in death.
Additionally, patients no 5 and no 13 had co-infections with C. glabrata, which may also
have contributed to death. In two patients (no. 12 and 18), FCZ was administered and the
patients survived, but the database does not contain information on when therapy was
initiated or how long it was administered. In patient no. 4, FCZ was administered two
days after NBL sample collection and the patient died after 24 h of therapy, while in patient
no. 22, FCZ was administered four days before NBL sample collection and the patient
also died.

Some of the results were presented during the 57th Scientific Conference of the German
speaking Mycological Society (DMykG), which took place in Frankfurt, Germany, on 27–29
September 2023.

Clusters no. 3 and 9–13 were represented by single C. albicans strains and are not
included in the table. For these strains, the results of antifungal susceptibility testing are
presented in Supplementary Information Table S1.

4. Discussion

Invasive candidiasis is a predominant fungal infection in hospitalized patients,
in particular, among ICU patients, due to the accumulation of risk factors, and it is
associated with high mortality [6]. Most candidiasis cases originate from the endogenous
mycobiota of the patient’s skin and mucous membranes; therefore, Candida strains can
easily be transferred among hospital patients and personnel [22,28–33]. This could be
one reason for the nosocomial outbreaks of invasive Candida infections. The period of
the COVID-19 pandemic was especially challenging for the healthcare system. Due to
the large number of patients requiring hospitalization and difficulties in access to basic
protective equipment for medical staff, the horizontal transmission of microorganisms
occurred with greater frequency [18–20,34–36]. In this study, two predominant clonal
clusters of 17 C. albicans strains isolated from 12 patients and 12 C. albicans strains
from 7 patients were identified with several smaller clusters, indicating the possibility
of nosocomial transmission. Patients from whom Candida strains were isolated were
hospitalized in one ward dedicated to COVID-19 patients over a period of 9 months.
During this analysis, we were not able to determine exactly how C. albicans strains
could translocate between patients. This is due to the nature of the study, which is
retrospective. Genotyping was performed only for the strains that were isolated and
deposited as part of routine hospital procedures, depending on the clinical condition of
the patient, which did not include the testing of environmental samples or samples from
medical personnel. During the period covered by this study, special sanitary rules were
introduced in Poland, and it was not possible to conduct additional research. We also
had limited clinical and workflow data, lacking information on patients’ location, shared
equipment, and shared medical staff. This information was not recorded in the database,
so we do not have any additional evidence confirming the mode of transmission of
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the strains. Based on interviews with people working on the ward during that period,
it appears that the severe clinical condition of patients sometimes required the use of
sudden, unforeseen activities that could lead to the need to transfer patients around the
ward and to accidental contacts promoting the spread and exchange of microbiota.

A major concern today in fungal healthcare-associated outbreaks is the spread of C.
auris in the hospital environment, which have been reported worldwide [31–33,37–40]. We
have not isolated C. auris strains although the incidence of COVID-19-associated candidiasis
caused by this species is increasing in many hospitals, resulting in increased mortality among
hospitalized patients with COVID-19 [15,41–47]. The first strains of C. auris were reported
from Poland to ECDC in 2018 and 2019, but little is known about the real dissemination of
this species in Polish hospitals [48]. Obviously, C. auris did not affect this hospital despite
the COVID-19 emergence. Cases of the cross-transmission of other Candida species are
not frequently reported but have been described before for C. albicans, C. parapsilosis, C.
tropicalis, C. lusitaniae, C. pelliculosa, and C. glabrata, mostly occurring in neonatal and intensive
care units [21–23,31–33,49,50]. Recently, apart from horizontal transmission and nosocomial
infections of C. auris, emerging reports of fluconazole-resistant C. parapsilosis outbreaks have
been described in, for example, Canada and Turkey [51,52]. Burnie et al. described a C. albicans
outbreak of systemic candidiasis in 14 ICU patients in nine months [22]; 12 patients died.
The strain responsible for this outbreak was also cultured from swabs from the oral mucous
membrane and hands of medical staff, but it was not detected in the environment. This,
therefore, indicates that healthcare personnel may play an important role in the transmission
of C. albicans in hospitals.

Studying the genetic relationship between C. albicans and fungemia in the hospital
can uncover the presence of endemic genotypes, which may suggest that the hands of
healthcare personnel are important in the colonization and infection of Candida spp. [53].
Yildirim et al. (2007) found that overall, 34.1% of the hospital staff were found to harbor
Candida spp. on their hands: 30.7% were nurses, 25.8% were resident doctors, 28.6% were
laboratory workers, 84.6% were dining room personnel, and 43.3% were officers [54]. Thus,
hospital workers, especially non-medical staff, should be educated in regular hand hygiene
practice to prevent Candida colonization. Moreover, Candida can also colonize and persist
in the hospital environment. C. auris was recovered from lanyards, temperature probes,
floors, trollies, radiators, and windowsills. C. parapsilosis was found on neonatal incubators
and humidifiers, patient beds, nurse workstations, computers, and floors, and C. tropicalis
was found on haemodialysis machines. All these species have been reported to cause
nosocomial epidemics [21]. In order to eliminate environmental reservoirs of Candida,
attention should be paid to the quality of the disinfection of rooms, surfaces, and reusable
materials, as well as the disinfectant used, its spectrum, and proper handling.

It would be of particular interest to repeat our study in the next period to check if
the presence of the persistent endemic genotypes is confirmed and to follow their genetic
evolution towards antifungal resistance. So far, all C. albicans strains tested in this study
have been susceptible to antifungal drugs independently of where they originated. This
finding may indicate that these strains do not belong to known worldwide clusters of
resistant strains [55]. It also suggests that the selective pressure of antifungals used to treat
invasive C. albicans infections has not been strong enough to lead to the presence of resistant
strains with increased survival in the hospital environment. One possible factor might have
been the limited use of antifungal drugs in the ICU (in this analysis, they were used in 28%
of patients from whom C. albicans was isolated) and the short duration of therapy (in our
study, in 40% of treated patients, therapy lasted for up to 3 days).

In Poland and the surrounding part of Europe, the research on fungal infections is still
limited. Information on the prevalence of mycosis, species identification, patients’ conditions
during hospitalization and outpatient care, resistance, and genetics is sparse [56–60]. Fungal
infections are only marginally treated, even in patients in the ICU or who are immunosup-
pressed. Increasing the awareness of fungal infections, as well as of the problem of horizontal
transmission within hospitals, is crucial in decreasing the number of mycoses and fungal
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outbreaks. We hope that this study will draw more attention to fungal infections in our geo-
graphical area and will contribute to the more effective prevention, detection, and treatment
of fungal infections.

5. Conclusions

Our study indicates that C. albicans can spread horizontally. The role of healthcare
workers and the environment in the emergence of C. albicans nosocomial infections in critical
areas through the unintentional spread of pathogens has not been confirmed because of
limited data. The obtained results indicate the need to conduct a study covering not only
hospitalized patients but also the environment and medical personnel. This will allow the
confirmation of the horizontal transmission of Candida fungi, the determination of potential
causes, and the introduction of preventive measures. It seems advisable to improve logistic
and clinical data collection and banking, so that they can represent a reliable and complete
source of information.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jof10120864/s1, Figure S1: A-D: RAPD patterns of Candida albicans strains
using OPA-18 primer. The corresponding strain numbers can be found in Table 2 with the genotypes.
L correlates to the DNA standard (New England Biolabs). Table S1: Amphotericin B, fluconazole,
voriconazole, and anidulafungin minimal inhibitory concentrations against Candida albicans strains
belonging to different genetic clusters.
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56. Mroczyńska, M.; Brillowska-Dabrowska, A. First report on echinocandin resistant Polish Candida isolates. Acta. Biochim. Pol. 2019,
66, 361–364. [CrossRef] [PubMed]
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Abstract: Invasive aspergillosis (IA) is a fungal infection, which has traditionally been asso-
ciated with neutropenia and immunosuppressive therapies. Our understanding of invasive
aspergillosis has been evolving and, in the past few decades, IA among ICU patients has
been recognized as a common infection and has become more widely recognized. The diag-
nosis and management of invasive aspergillosis in the ICU is particularly challenging, due
to the unstable clinical condition of the patients, lack of diagnostic markers, increased risk
of further clinical deterioration, multiple comorbidities, and a need for early assessment
and treatment. In this article, we will discuss the challenges and pitfalls of the diagnosis
and management of invasive aspergillosis in an ICU setting, along with a review of the
current literature that is pertinent and specific to this population.

Keywords: aspergillosis; intensive care unit; invasive aspergillosis; antifungals

1. Introduction

Invasive aspergillosis (IA) is an infection caused by a saprophytic filamentous fungus
of the Aspergillus species [1]. It is a known opportunistic infection in immunocompromised
hosts, such as patients with acute myelogenous leukemia (AML), prolonged neutropenia,
solid organ transplant (SOT) recipients and allo-stem cell transplant recipients (allo-SCT) [2].
However, invasive aspergillosis is an increasingly recognized infection among patients
in the intensive care unit, often developing in patients without classic risk factors and
complicating other respiratory diseases such as COPD, severe COVID-19 and influenza [1–
3]. Patients with COVID-19-associated pulmonary aspergillosis (CAPA) and influenza-
associated pulmonary aspergillosis (IAPA) have a higher mortality than patients without
CAPA/IAPA [3–5]. In fact, when compared to other respiratory tract infections, the
mortality among patients in the ICU who developed IA can be as high as 46% [6]. The
diagnosis of invasive aspergillosis and critically ill patients remains challenging. In this
review, we will discuss the epidemiology of IA among ICU patients and the current
evidence-based approach to the diagnosis and management of IA in the ICU, including
IAPA and CAPA.

2. Epidemiology

The diagnostic challenges and the low suspicion among providers make IA a difficult
diagnosis to establish and thus, make the true incidence of IA among ICU patients difficult.
However, the prevalence of IA among severely ill patients and ICU patients seems to be
increasing including patients with COVID-19, influenza virus and COPD. Solid organ
transplant status, solid organ tumors and prolonged exposure to corticosteroids, as well as
the use of ibrutinib, are increasingly recognized as risk factors for invasive aspergillosis.
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The incidence of invasive aspergillosis in the intensive care unit has been reported
to be between 0.33% and 7% [1,2,5–9]. Reviewing the service level database including
inpatient data from the years 2005–2008, 6.4% of ICU patients were diagnosed with IA [6].
In this study, evaluating the diagnostic accuracy of the Asp-ICU algorithm, 71% of patients
with proven invasive aspergillosis were immunocompromised and 70% of patients with
putative IAPA had known risk factors [10]. Aspergillus fumigatus is the most commonly
encountered species among the ICU patients, isolated in 92% of the cases, followed by A.
flavus, A. niger and other species [11]. A. fumigatus was also the most frequently encountered
species among patients with IAPA, as well as CAPA [12,13]. In this study, the predictive
score for the development of CAPA was evaluated and A. fumigatus was isolated in 64.3%
of cases, followed by A. niger complex, less frequently A. terreus and A. flavus [13].

Influenza-associated pulmonary aspergillosis (IAPA) is a complication of severe in-
fluenza which causes increased morbidity and mortality compared to patients without
IAPA. The incidence of IA ranges between 10 and 32% of influenza patients admitted to
the ICU [14–16].

Invasive aspergillosis-complicating COVID-19 infection (CAPA) is an increasingly
recognized phenomenon. Based on the published data, the prevalence of CAPA has been
estimated to be between 5 and 30% [17].

Increased mortality among patients with invasive aspergillosis in the ICU, IAPA and
CAPA has been described in multiple studies [2,16–18].

3. Risk Factors and Pitfalls in IA Definitions in the ICU

Known and classic risk factors of IA include immunosuppression, such as prolonged
neutropenia due to leukemia or other hematological malignancy, because of chemothera-
peutic agents or as a result of HSCT, as well as acute GVHD grade 3 or 4, involving either
the gastrointestinal tract, lungs or liver that is refractory to first-line treatments such as
steroids. The duration and severity of neutropenia are also associated with an increased
risk of IPA [19,20]. Solid organ transplant recipients (specifically, lung and heart trans-
plant recipients) and the prolonged use of corticosteroids (equal to or above 0.3 mg/kg
corticosteroids for equal to or above 3 weeks in the past 60 days) are other well-known
predisposing conditions [1,21]. Additional risk factors for the development of IA include
treatment with T-cell immunosuppressants, such as calcineurin inhibitors, TNF alpha
blockers, lymphocyte-specific monoclonal antibodies, or immunosuppressive nucleoside
analogs for 90 days. In addition, treatment with a recognized B-cell immunosuppressant,
such as Bruton’s tyrosine kinase inhibitors (ibrutinib), has also been associated with IA.
Inherited severe immunodeficiencies, such as chronic granulomatous disease, STAT3 defi-
ciency or SCID (severe combined immunodeficiency), can become predisposed to invasive
pulmonary mold disease.

These are uniformly recognized host risk factors included in the consensus definition
of invasive fungal disease published by EORTC/MSG [21]. However, patients in the ICU
setting lack traditional risk factors and different pathogenic mechanisms predispose them
to invasive aspergillosis in the ICU setting (Table 1) [11]. This poses a significant diagnostic
challenge since the ICU patients who do not meet the EORTC/MSG criteria cannot fulfill
the criteria used to diagnose invasive aspergillosis. Furthermore, tissue sampling in these
settings may be difficult or contraindicated in patients in the ICU with hemodynamic
instability, coagulopathy or thrombocytopenia. Moreover, the classic radiographic signs
of IA, such as the halo sign and air crescent sign, are infrequently encountered in patients
without classic risk factors (most ICU patients) and Aspergillus serum galactomannan testing
in this population has been shown to have low sensitivity and specificity. In addition, the
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low importance of invasive aspergillosis in the ICU setting represents another diagnostic
challenge [22].

Table 1. Risk factors for invasive aspergillosis in the ICU [7].

High Risk Intermediate Risk Low Risk

Neutropenia (neutrophil count
<500/mm3)

Prolonged treatment with
corticosteroids before admission to
the ICU

Severe burns

Hematologic malignancy Autologous bone marrow
transplantation

Other solid organ transplant
recipients (e.g., heart, kidney or liver)

Allogeneic bone marrow
transplantation COPD Steroid treatment with a duration

of ≤7 days

Liver cirrhosis with a duration of
stay in the ICU >7 days Prolonged stay in the ICU (>21 days)

Solid organ cancer Malnutrition

HIV infection Post-cardiac surgery status

Lung transplantation

Systemic diseases requiring
immunosuppressive therapy

The Asp-ICU score was developed to capture cases of IAPA in non-neutropenic ICU
patients who could not fulfill the criteria classic EORTC/MSG criteria [10]. Autopsy results
among deceased ICU patients indicated that adherence to host factors for invasive fungal
disease as one of the key features used to meet the criteria for invasive fungal disease
increased the risk of a missed diagnosis [8]. High mortality rates among patients with
CAPA/IAPA in the ICU have been found in the absence of traditional risk factors, such
as neutropenia, SCT or other types of immune deficiency. The ASP ICU diagnostic algo-
rithm was created based on EORTC/MSG criteria for invasive fungal disease; however,
the interpretation of imaging and microbiological data was modified to increase its utility
in diagnosing IA specifically among ICU patients [8]. The entry criterion was positive
lower respiratory culture, and the probability of a true invasive infection was assessed
by evaluating the clinical and radiological data in conjunction with the positive culture.
Clinical criteria, such as recrudescent fever despite at least three days of appropriate antimi-
crobial therapy and no other apparent source, as well as worsening respiratory insufficiency
despite appropriate antibiotic therapy and ventilatory support, were specifically tailored to
ICU patients. The radiological criterion (abnormal X-ray or CT findings) appreciated the
frequently nonspecific imaging findings among ICU patients with IA and low sensitivity of
the classic radiological signs, such as the air crescent sign or halo sign in the ICU population,
and increased the sensitivity of the algorithm among the ICU cohort. Finally, the presence
of the classic host factors, traditionally considered a prerequisite for the diagnosis of IA,
although still present among the criteria, was no longer a requirement [8]. The algorithm
demonstrated a higher sensitivity and negative predictive value in patients without classic
risk factors as well as in immunocompromised hosts [10].

The original ASP ICU algorithm proposed over a decade ago did not include fungal
biomarkers, such as galactomannan and the Aspergillus quantitative PCR. A revision of the
algorithm was later proposed to improve the detection of probable invasive pulmonary
aspergillosis in the ICU (Table 2) [23]. These revisions are now included in the mycological
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criteria and the definitions of invasive pulmonary aspergillosis in ICU patients, including
IAPA, CAPA and invasive fungal disease from EORTC/MSG (Table 2) [21,23].

Table 2. Clinical and radiological features of probable invasive aspergillosis in the ICU
setting [7,12,21,22].

Pulmonary aspergillosis

The presence of one of the following patterns on a CT:

• Dense, well-circumscribed lesions with or without a halo sign (typical in
neutropenic patients). The halo sign is often not applicable in the ICU as the sign
arrives too early (5 days before the onset of disease); not specific for Aspergillus

• Air crescent sign—often not applicable in the ICU because it is obscured by
atelectasis, ARDS and/or pleural effusion

• Cavity

• Wedge-shaped and segmental or lobar consolidation

• Bronchopneumonia

• Nodular disease

Tracheobronchitis

• Tracheobronchial ulceration, pseudomembranes, nodule, plaque or eschar detected
by bronchoscopy

Sino-nasal diseases

• Acute localized pain (including pain radiating to the eye)

• Nasal ulcer with black eschar

• Extension from the paranasal sinus across bony barriers, including into the orbit

Central nervous system infection

One of the following two signs:

• Focal lesions on imaging

• Meningeal enhancement on MRI or CT

The current diagnostic classification of invasive fungal disease according to the scale of
certainty still requires the positive culture of the Aspergillus species along with a histopatho-
logical examination of the tissue obtained in a sterile fashion from a normally sterile site
and with evidence of accompanying tissue damage. However, as previously discussed,
such invasive methods are not always appropriate in the ICU setting. Thus, the diagnosis
of probable invasive aspergillosis appears to be a more applicable criterion in this type of
setting (Table 3).

Considering the challenges in diagnosing and defining cases of IA in an ICU setting, as
well as the varying prevalence of IA across hospitals and the varying frequency of proven
diagnoses, revised definitions of proven and probable invasive pulmonary aspergillosis in
the ICU setting were proposed [22]. Revised definitions incorporated mycological evidence,
clinical/radiological abnormality (see Table 2, sections regarding pulmonary aspergillosis
and tracheobronchitis) and host factors. Mycological evidence for proven and probable IA
was proposed. Additional host factors have been proposed to establish the diagnosis of IA
in the ICU population. These risk factors reflect the unique pathogenesis of IA in the ICU
population, in addition to the classic risk factors, such as SOT, neutropenia, hematological
malignancies and HSCT. These additional risk factors include chronic respiratory airway
abnormalities such as COPD or bronchiectasis; decompensated cirrhosis; HIV; treatment
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with recognized immunosuppressants (e.g., calcineurin or mammalian target of rapamycin
[mTOR] inhibitors, blockers of tumor necrosis factor [TNF] and similar antifungal immunity
pathways, alemtuzumab, ibrutinib, or nucleoside analogs) during the previous 90 days;
glucocorticoid treatment with prednisone equivalent of 20 mg or more per day; and severe
viral pneumonias such as influenza and COVID-19 [22]. Additionally, patients with severe
burns, a prolonged ICU stay, and a positive fungal culture are also at risk for developing
IA in the ICU [24].

Table 3. Mycological evidence supporting the diagnosis of probable invasive aspergillosis (based on
updated EORTC/MSG criteria [21]).

Invasive pulmonary Aspergillosis

• Aspergillus recovered by culture from sputum, BAL, bronchial brush or aspirate

• Microscopical detection of fungal elements in sputum, BAL, bronchial brush or
aspirate indicating Aspergillus

Tracheobronchitis

• Aspergillus recovered by the culture of BAL or bronchial brush

• Microscopic detection of fungal elements in BAL or bronchial brush indicating
Aspergillus

Sino-nasal diseases

• Aspergillus recovered by the culture of sinus aspirate samples

• Microscopic detection of fungal elements in sinus aspirate samples indicating
Aspergillus

Galactomannan antigen

Antigen detection plasma, serum, BAL or CSF

• Any one of the following:

• Single serum or plasma: ≥1.0

• BAL fluid: ≥1.0

• Single serum or plasma: ≥0.7 and BAL fluid ≥0.8

• CSF: ≥1.0

Aspergillus PCR

• Any one of the following:

� Plasma, serum or whole blood from two or more consecutive PCR tests is
positive

� BAL fluid from two or more duplicate PCR tests positive

� At least one positive PCR test in plasma, serum or whole blood and
one positive PCR test in BAL fluid

Invasive aspergillosis-complicating viral pneumonia, such as influenza (IAPA) or
COVID-19 (CAPA) is not a rare infection encountered among ICU patients. According
to the study by Waldeck et al., 10.8% of 158 patients hospitalized in tertiary hospitals in
Switzerland during the 2017/2018 and 2019/2020 influenza seasons who were admitted
with a PCR were confirmed to have an influenza infection, required ICU admission for
over 24 h and developed IAPA. In addition, those with a prior history of asthma and
days of mechanical ventilation were also associated with the development of IAPA [16].
Several other studies show varying rates of IAPA up to 28.1%. Influenza was found to be
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an independent risk factor in the development of IA, conferring a high mortality among
ICU patients [12,15,25,26].

Aspergillus hyphae are present in the airways and frequently represent coloniza-
tion [20]. The key feature that determines the pathogenesis of invasive aspergillosis is the
transition from colonization to invasion of the underlying tissues, specifically angioinva-
sion [27]. In the susceptible host, such as patients in the ICU or those with a viral infection
of the upper respiratory tract, increased production of inflammatory cytokines leads to
local tissue damage, which aids in further tissue invasion by Aspergillus. Several research
groups suggested that respiratory viruses, such as SARS-CoV-2 and influenza, cause lung
hyperinflammation, which causes defects in several levels of antifungal immunity, in-
cluding the phagocytosis of Aspergillus conidia, the epithelial barrier and function and
the neutrophil-mediated killing of Aspergillus hyphae [28]. In COVID-19, a decrease in
T-cell populations, especially in patients with severe disease, has been observed, probably
accompanied by defective lymphocyte function, increasing the risk of invasive mold infec-
tion [29,30]. Angioinvasion occurs in the pulmonary vasculature, as well as in other organs
during the disseminated infection, and results in thrombosis and tissue infarction, as well
as reduced leucocyte entry into the infected area and reduced delivery of antifungals [27].

There is a significant variation in estimates of the incidence of COVID-19-associated
pulmonary aspergillosis (CAPA). According to the study by Hurt et al. conducted across
five UK hospital intensive care units among patients admitted for mechanical ventilation
or ECMO due to respiratory failure from COVID-19, the incidence of probable CAPA was
10.9%, followed by 5.2% of the study population with possible CAPA. No definitive cases
of CAPA were found in this study [31]. In a multinational observational study conducted
by the European Confederation of Medical Mycology (ECMM), the median prevalence of
CAPA per enrolled center was 10.7% (range 1.7–26.8%) [18]. However, in the review of
the autopsy series, which included case studies describing autopsies from 677 subjects,
of which 320 were on mechanical ventilation, only 11/677 (2%) had an invasive mold
infection. This included eight cases of CAPA, an unspecified number of invasive mold
diseases and one disseminated mucormycosis. Among those who received mechanical
ventilation (320/677), only 6 (2%) had an invasive mold infection [32].

In a retrospective cohort study from Johns Hopkins, the author’s goals were to design
a CAPA prediction model using mechanically ventilated patients to stratify which patients
were at risk of developing CAPA and who would benefit from additional testing and
antifungal treatment. Age, time from intubation, use of dexamethasone for COVID-19 treat-
ment, underlying pulmonary circulatory disease, multiple myeloma, cancer or hematologic
malignancy were identified as risk factors for CAPA and were included in the prediction
model. In that study, 11.8% (98 patients) of the cohort met criteria for CAPA. Patients with
CAPA in this cohort had a higher mortality or were more likely to require advanced life
support and to have a longer duration of advanced life support therapy [17].

Another prediction model was developed based on the retrospective matched case–
control study conducted at a tertiary care center in South India [33]. The European Orga-
nization for Research and Treatment of Cancer Risk Factors used this prediction score to
identify lymphopenia and broad-spectrum antimicrobials as the main risk factors for CAPA.
Of note, due to low enrollment numbers, the study failed to identify hematologic malig-
nancies, SOT and T-cell and B-cell immunosuppressants, as well as the use of ibrutinib, as
risk factors for the development of CAPA. The recovery of bacterial pathogens from blood
and respiratory secretions frequently decreased the risk of CAPA. All cases in the study
were either probable or possible CAPA. In addition, the study included both mechanically
ventilated and nonventilated patients. The diagnosis of CAPA increased the mortality
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rate and ICU admission; however, it did not significantly increase the risk of requiring
mechanical ventilation. The isolation of bacterial pathogens in blood or BAL decreased the
likelihood of CAPA. The sensitivity of this model was 77.4% with a specificity of 78.1%.
Despite certain limitations, this model might hold promise in low-resource settings [33].

Another study published in 2024 by Iacovelli et al. evaluated risk factors for the
development of CAPA in a respiratory sub-intensive care unit and its impact on overall
mortality. Hematological malignancy, lymphocytopenia and COPD were identified as
independent risk factors for CAPA. Furthermore, being over 65 years was identified as a
predictor of mortality [34].

Another CAPA clinical prediction score based on a study by Calderón-Parra et al.
from Spain, identified old age, active smoking, chronic respiratory disease, chronic renal
disease, chronic corticosteroid treatment, tocilizumab therapy and a high Apache 2 score
on admission as risk factors for CAPA [13].

In the recently published meta-analysis by Gioia et al., nine risk factors for CAPA were
identified including chronic liver disease, neurological malignancy, chronic obstructive
pulmonary disease, cerebrovascular disease and diabetes, as well as mechanical ventila-
tion, the use of renal replacement therapy, the treatment of COVID-19 with interleukin-6
inhibitors and the treatment of COVID-19 with corticosteroids. Patients with CAPA were
typically older and the duration of mechanical ventilation was longer among patients with
CAPA than those without CAPA [35].

4. Clinical Presentation

The clinical presentation of invasive aspergillosis in the ICU setting frequently overlaps
underlying co-existing comorbidities, such as COVID-19, influenza, pneumonia, sepsis,
etc., which poses an additional diagnostic challenge [5,20]. Fever, cough, hemoptysis and
a pleuritic chest can be the presenting symptoms of invasive pulmonary aspergillosis;
however, these symptoms are nonspecific and might not be present in all cases [1,7,20]. The
development of sinonasal or CNS aspergillosis might also be accompanied by the signs and
symptoms of local or regional spread of the infection. There are significant differences in the
clinical presentation between neutropenic and non-neutropenic patients [36]. Specifically,
IA in non-neutropenic patients is generally less symptomatic and frequently associated
with pneumonia due to another organism (viral) and associated with higher mortality
rates [36]. Moreover, IA in non-neutropenic patients who had high serum GM levels were
more likely to have COPD and had more severe respiratory symptoms, which included
hemoptysis and dyspnea [37].

5. Diagnosis of Invasive Aspergillosis in the ICU

Histopathological diagnosis is based on the presence of tissue invasion and Aspergillus
growth from the normal sterile site (Figure 1a,b) [38].

However, despite being the gold standard, positive Aspergillus cultures used as a
diagnostic method have a very low diagnostic yield. This is even lower among non-
neutropenic ICU patients who lack traditional host risk factors. In addition, microscopy and
culture alone cannot distinguish between colonization and infection [39,40]. As previously
discussed, biopsies obtained from sterile sites are required to fulfill the histopathological
criteria of proven invasive aspergillosis. These procedures may be not feasible among
some ICU patients due to unstable clinical conditions and contraindications to invasive
procedures [2,22]. Due to these limitations, a less invasive approach to establishing a
diagnosis is usually utilized [22]. Frequently, a diagnosis is presumptive and made based
on imaging findings, serum biomarkers, sputum and/or BAL specimens and utilizes
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nonculture-based methods [22]. The sensitivity of BAL cultures differs between neutropenic
and non-neutropenic patients [36].

 
(a) 

 
(b) 

Figure 1. (a) Aspergillus in tissue, Grocott Methenamine stain (×250). (b) Aspergillus in tissue, H&E
stain (×400).

Galactomannan is an Aspergillus-specific antigen, a major component of the Aspergillus
cell wall. It can be measured in serum, plasma, BAL samples or CSF. Studies investigat-
ing the utility of galactomannan testing on upper airway samples have been previously
published [38,39]. During the COVID-19 pandemic, alternative samples from the upper
respiratory tract, such as non-bronchoalveolar lavage, tracheal aspirate and sputum, were
suggested as an alternative to the more invasive BAL samples for obtaining Aspergillus
cultures and galactomannan due to the restrictions imposed by the COVID-19 pandemic.
However, these biomarkers have not been validated in tracheal aspirates, sputum and
non-bronchoalveolar lavages. Since cut-off values have not been well established, results
have to be interpreted with caution [41–43]. The angioinvasion of Aspergillus can result in
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galactomannan being released into the bloodstream and becomes detectable in serum or
plasma. However, it is often not found in the serum of non-neutropenic patients where
more airway invasions rather than angioinvasion are present [43,44]. The performance
of the serum GM is also negatively affected by concurrent systemic anti-mold therapy,
which may yield false-negative results [45]. False-positive results of the serum galactoman-
nan assay have been described in patients who received certain antimicrobials, such as
amoxicillin/clavulanate, piperacillin tazobactam and cefepime. False-positive results of
galactomannan in the BAL have also been reported in patients receiving carbapenems and
ceftriaxone [46]. Among patients post-HSCT within the last 100 days and in those with
GI GVHD, false-positive results can be encountered due to compromise of the mucosal
barrier and the translocation of the galactomannan through the intestinal mucosa [47].
Other fungal species (Penicillium spp., H. encapsulatum, and Geotrichum spp., etc.), con-
taining galactomannan in their cell walls can also yield false positive results [48]. Among
non-neutropenic patients, a positive GM in serum is encountered less often and has lower
sensitivity, most likely due to less prominent angioinvasive features in these cases [29,37].

Aspergillus PCR in blood, serum or BAL were included in the mycological criteria and
may be a useful tool to establish the diagnosis of invasive aspergillosis. According to the
2019 meta-analysis published by Cruciani et al., pooled sensitivity and specificity of PCR
from blood is reported to be between 79% and 80% for a single positive result and 60%
and 94% for two consecutive positive test results in immunocompromised people [49]. The
performance of PCR in blood decreases in the setting of systemic mold-active therapy, as
well as in non-neutropenic patients [50,51].

Aspergillus PCR in BAL is a promising tool for diagnosing IA in neutropenic and non-
neutropenic patients, and it is generally not affected by antifungal therapy [52]. Various
assays demonstrate varying degrees of sensitivity in immunocompromised patients [53,54].
However, it appears to have excellent specificity in critically ill patients with and without
COVID-19 and/or immunocompromising conditions; although, the study by Mikulska
et al. showed that sensitivity is higher among immunocompromised patients [54]. The
sensitivity and specificity improve when several diagnostic tests are used in combination,
including BAL-GM, BAL-PCR, serum GM and BAL cultures [55].

In recent years, the utility of metagenomic next-generation sequencing (NGS) and
cell-free DNA is being actively explored, both in patients with hematological disorders and
in those without immunocompromising conditions [56]. Next-generation sequencing of
microbial cell-free DNA using the Karius test on plasma as compared to the standard of
care procedures revealed a sensitivity of 38.5% and a specificity of about 97% in patients
with probable IA. In addition, the results are affected by antimould therapy [57]. Aspergillus
plasma cell-free DNA PCR showed superiority over Aspergillus serum galactomannan in
the diagnosis of invasive aspergillosis among patients with hematological illnesses/stem
cell transplants, demonstrating an overall sensitivity of 86% and a specificity of 93.1%
(Table 4) [58].

The utility of metagenomic next-generation sequencing for the diagnosis in non-
neutropenic patients at risk of invasive aspergillosis, including CAPA, is being
explored [59–63]. The utility of blood biomarkers such as galactomannan is often poor
in CAPA, as well as invasive pulmonary aspergillosis in non-neutropenic patients, as it
exhibits early tissue-invasive growth in the lungs with delayed angioinvasion. The Karius
test showed promising performance, with a high specificity of 97% [60].

More recently, the lateral flow assay (LFA) and the lateral flow device (LFD) have
become point-of-care diagnostic tests for the diagnosis of invasive aspergillosis. They show
good performances on both serum samples and BALF and aid in prompt diagnosis of IA.
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GM-LFA shows excellent performance in patients with hematological malignancies [64].
The performance in SOT recipients can be variable [65]. Several LFDs are being studied
for clinical use among neutropenic patients, as well as SOT recipients and patients in the
ICU [66–68].

Table 4. Utility of mcfDNA (microbial cell-free DNA) analysis and NGS in diagnosis of invasive
pulmonary aspergillosis.

Study, First
Author

# of Patients Population Tested Sample Sensitivity Specificity PPV NPV
Additional

Data

Liu, 2024 [61]

N = 66, 21 with
IPA, 45 non-
pulmonary

aspergillosis

Patients with
T2DM, with and
without immuno-

compromising
conditions

BALF (90.5%),
blood (9.5%) 66.7% 100% 100% 86.5%

Significantly
improved

performance
when

combined with
other methods

Bao, 2022
[62]

N = 33, 12 with
IPA, 21 non-
pulmonary

aspergillosis

Non-neutropenic
patients

BALF: N = 27
Blood: N = 6
Pleural fluid

N = 1
BALF+serum:

N = 3

91.7% 71.4% 64.7% 93.8%

Additionally
evaluated

co-pathogens
in mixed

infections,
performance
reported as

cumulative for
mNGS on all

types of
samples

Huygens, 2024
[57]

N = 106,
proven/probable

IA: N = 35,
IA+other IFD:
N = 4, other

IFD = 7,
possible
IFD = 48

AML, MDS,
HSCT,

hematological
malignancies,
neutropenia

Karius
test—plasma:

N = 106,
research-only

pipeline
Karius on

BALF,
N = 34

Plasma: 44%
RUO-BAL KT:

72.2%

Plasma:96.6%
RUO-BAL KT:

88.2
NA NA

Data for
multiple IFD,
performance
not impacted

by mold active
therapy

Lee, 2024 [63]

N = 34, N = 1
(proven IA),

N = 25
(probable),

N = 3
(putative),

N = 5 (no IA)

Hematological
malignancies =

16,
COVID-19 = 19.

Plasma
cfDNA, N = 34 N/A N/A N/A N/A

Concordance
between

cfDNA and
conventional
methods of
diagnosis is

higher in HM
group than in

COVID-19

Hoenigl, 2023
[60]

N = 114,
CAPA: proven:

N = 0,
probable:

N = 6, possible:
2, No CAPA:

N = 106

COVID-19
associated ARF

in the ICU

Karius, plasma
mcfDNA

67% for
Aspergillus,

83% for other
molds

97% for
patients

without CAPA
N/A N/A

Mah, 2023 [58]

N = 238,
Proven: N = 15,

probable:
N = 31,

possible:
N = 62, no IA:

N = 130

89.9% immuno-
suppressed (HM,

HSCT, SOT)
Plasma cfDNA

Overall, 80.0%
(varies in
different
groups)

Overall, 93.1%

5%
prevalence:

39.6%
20%

prevalence:
75.7%

5%
prevalence:

99.2%
20%

prevalence:
96.4%

Highest
performance
in HM/HSCT

patients,
performance

characteristics
vary by patient

groups

Abbreviations: AML—acute myelogenous leukemia; ARF—acute respiratory failure; BALF—bronchoalveolar
lavage fluid; CAPA—COVID-19-associated pulmonary aspergillosis; HM—hematological malignancy microbial
cell-free DNA; mNGS—metagenomic next-generation sequencing; RUO-BAL KT—research-use-only Karius test
on bronchoalveolar lavage fluid; SOT—solid organ transplant.

The utility of beta-D-glucan in the diagnosis of invasive aspergillosis remains unclear
since it is a cell wall component of many fungi and it is not specific for Aspergillus species.
Blood levels are often elevated in the setting of gut fungal translocation due to compro-
mised intestinal epithelium due to diarrhea, GI Tract immune dysfunction or altered gut
microbiota [69–71]. False-positive results can occur in those receiving albumin, and for
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hemodialysis with cellulose membranes, they can occur in those receiving IVIG and IV
amoxicillin–clavulanic acid [72].

6. Imaging

The radiographic features of invasive pulmonary aspergillosis are variable and fre-
quently nonspecific. The typical radiologic manifestations of IFD include nodules, masses,
segmental or subsegmental consolidations, atelectasis, ground-glass opacities, a tree-in-bud
pattern, cavities or pleural effusions [73]. Invasive pulmonary aspergillosis may appear as
solitary or multiple pulmonary nodules/masses on chest X-rays or possibly wedge-like
areas of ill-defined opacities. Chest X-rays have poor sensitivity and lack the ability to
differentiate IPA from other etiologies of pneumonia, so a CT chest scan is the imaging
modality of choice [74]. The classical findings in CT chest scans include multiple nodules
with a “halo” sign, which is an area of ground-glass opacity surrounding a pulmonary
nodule [74]. The ground-glass component represents angioinvasion and hemorrhage into
the area surrounding the fungal nodule. An area of cavitation may develop in the nodule,
which is classically described as an “air crescent sign” (Figure 2a,b).

 
(a) 

 
(b) 

Figure 2. (a) Invasive pulmonary aspergillosis on HRCT. “Halo” sign. (b) Invasive pulmonary
aspergillosis on HRCT. “Air crescent sign”. (HRCT = High-resolution Cat Scan).

Although both findings have been described as classical in invasive pulmonary aspergillo-
sis, the most common presentation among immunocompromised patients is one or more
macronodules in 94% of patients, while the halo sign is only present in approximately 61%
of patients, with consolidations present in 30%, cavitary lesions in 20% of patients and, less
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commonly, with an air crescent sign (10%) [75]. The air crescent sign is a rare finding in early
pulmonary aspergillosis, and it may not assist in the early diagnosis of IAPA. In neutropenic
patients, it can be detected after the partial recovery of the neutrophil function [76]. These two
classic findings described in immunocompromised patients are far less frequently encountered
in non-neutropenic patients. Among 116 patients with non-neutropenic IPA, the most common
findings included consolidation (47.4%) and cavities (47.4%), whereas the air crescent sign was
detected in only 14.7% and the halo sign in 3.4% [37].

Despite being the imaging modality of choice, aiding in the early diagnosis of IPA, the
CT findings are not 100% sensitive nor specific [74,77]. Some CT signs have demonstrated
excellent sensitivity and specificity in select populations. The presence of a macronodule
and/or consolidation or mass in the study by Park et al. had a sensitivity of 98% for IPA,
while the presence of the hypodensity sign had excellent specificity for IA in the study by
Horger et al., approaching a 100% offset by a low specificity of 30% [78,79]. However, most
of these studies focus on organ transplant recipients or otherwise immunocompromised
patients. The “halo” sign is important among neutropenic patients, but nonspecific for
the diagnosis of IPA in other groups of patients [21]. No CT findings are specific enough
to reliably differentiate IA in ICU patients where a significant overlap between the radi-
ological features of the co-existing conditions, such as ARDS, COPD, atelectasis, etc., is
present [7,12,21]. The overall sensitivity and specificity of CT imaging is comparable to
that of thoracic MRI; however, it is far more widely available [74].

PET/CT can add value to anatomy-based studies, for example, CT and CXR. It can
assist in detecting lesions outside the limited area that are included in traditional anatomy-
based imaging, which is important in case of disseminated infections. Furthermore, serial
images can aid in monitoring the response to treatment and aid in the decision to continue
or stop antifungals [80–85].

7. Treatment of Invasive Aspergillosis

Currently, the triazoles, voriconazoles and isavuconazole are considered first-line treat-
ment options for invasive aspergillosis in patients with hematological malignancies as per the
ESCMID-ECMM-ERS guideline [86]. The IDSA guidelines, published in 2016, name voricona-
zole as the primary therapy of choice for most of the invasive aspergillus infections, whereas
isavuconazole and liposomal amphotericin B are considered alternative therapies (Table 5).

Table 5. Summary of recommendations for the treatment of Aspergillosis (from the IDSA-2016
guidelines [87]).

Therapy

Condition Primary Alternative Comments

IPA

Voriconazole (6 mg/kg IV every 12 h
for 1 d, followed by 4 mg/kg IV
every 12 h; oral therapy can be used
at 200–300 mg every 12 h or
weight-based dosing on a mg/kg
basis); see text for pediatric dosing

Primary: Liposomal AmB (3–5
mg/kg/day IV), isavuconazole 200
mg every 8 h for 6 doses, then 200
mg daily. Salvage: ABLC (5
mg/kg/day IV), caspofungin
(70 mg/day IV × 1, then 50 mg/day
IV thereafter), micafungin (100–150
mg/day IV), posaconazole (oral
suspension: 200 mg TID; tablet: 300
mg BID on day 1, then 300 mg daily;
IV: 300 mg BID on day 1, then
300 mg daily), itraconazole
suspension (200 mg PO every 12 h)

Primary combination therapy is not
routinely recommended; the addition
of another agent or the switch to
another drug class for salvage
therapy may be considered in
individual patients; dosage in
pediatric patients for voriconazole
and for caspofungin is different than
that of adults; limited clinical
experience is reported with
anidulafungin; the dosage of
posaconazole in pediatric patients
has not been defined
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Table 5. Cont.

Therapy

Condition Primary Alternative Comments

Invasive sinus
aspergillosis Similar to IPA Similar to IPA Surgical debridement as an adjunct

to medical therapy

Tracheobronchial
aspergillosis Similar to IPA Adjunctive inhaled AmB may be

useful Similar to IPA

Aspergillosis of the CNS Similar to IPA
Similar to IPA
Surgical resection may be beneficial
in selected cases

This infection is associated with the
highest mortality among all of
the different patterns of IA; drug
interactions with anticonvulsant
therapy

Aspergillus infections of
the heart (endocarditis,
pericarditis and
myocarditis)

Similar to IPA Similar to IPA

Endocardial lesions caused by the
Aspergillus species require surgical
resection.
Aspergillus pericarditis usually
requires
pericardiectomy

Aspergillus
osteomyelitis and septic
arthritis

Similar to IPA Similar to IPA
Surgical resection of devitalized bone
and cartilage is important for
curative intent

Aspergillus peritonitis Similar to IPA Similar to IPA Removal of peritoneal dialysis
catheter is essential

Empiric and preemptive
antifungal therapy

For empiric antifungal therapy,
Liposomal AmB (3 mg/kg/day IV),
caspofungin (70 mg day 1 IV and 50
mg/day IV thereafter), micafungin
(100 mg day), voriconazole (6 mg/kg
IV every 12 h for 1 day, followed by 4
mg/kg IV every 12 h; oral therapy
can be used at 200–300 mg every 12 h
or 3–4 mg/kg q 12 h)

Pre-emptive therapy is a logical
extension of empiric antifungal
therapy in defining a high-risk
population with evidence of invasive
fungal infection (e.g., pulmonary
infiltrate or positive GM assay result)

Abbreviations: AML—acute myelogenous leukemia; ARF—acute respiratory failure; BALF—bronchoalveolar
lavage fluid; CAPA—COVID-19-associated pulmonary aspergillosis; HM—hematological malignancy;
HSCT—hematopoietic stem cell transplant; IFD—invasive fungal disease; mcfDNA—microbial cell-free DNA;
mNGS—metagenomic next-generation sequencing; RUO-BAL KT—research-use-only Karius test on bronchoalve-
olar lavage fluid; SOT—solid organ transplant.

Isavuconazole was shown to be non-inferior to voriconazole in the study by Maertens
et al. and was noted to have fewer adverse events [88]. Alternative approaches include
liposomal amphotericin B and itraconazole. Although combinations of drugs from different
classes have been utilized frequently, randomized studies have not been conducted [89].
The combination of voriconazole plus low-dose anidulafungin revealed in vitro synergy
against azole-resistant A. fumigatus [90]. The superiority of combination therapy over
monotherapy has not been demonstrated but can be considered as salvage therapy in
patients not responding to monotherapy [89,91–93]. Among echinocandins, micafungin
and caspofungin are listed as salvage treatments of IA; however, caspofungin performance
was suboptimal [94,95].

Voriconazole is considered the first-line option for patients without hematological
malignancies as its use is associated with lower mortality [96,97]. Resistance to antifungals
is an increasing global problem [98]. Aspergillus species can be intrinsically resistant to
antifungals and can also develop secondary resistance during treatment [99,100]. According
to CDC, about 7% of resistant isolates have been identified in the US, predominantly from
patients with hematological malignancies and SOT recipients. The resistance to azoles
among isolates of A. fumigatus in Europe continues to increase and poses a significant
management challenge [99,101]. Resistance to azoles translates into higher mortality [102].
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Antifungal susceptibility testing is recommended on clinically relevant Aspergillus
isolates, especially when there is a lack of response to treatment and in patient groups or
areas with known high levels of azole resistance [86]. IDSA recommends against routine
antifungal susceptibility testing, unless there is a lack of response to treatment or for
epidemiological purposes [87]. Some species are intrinsically resistant to certain antifungals
(i.e., A. terreus is intrinsically resistant to amphotericin B, etc.), so species identification is
necessary to guide treatment decisions [100]. MIC testing to determine susceptibility to
azoles is carried out for resistance surveillance and clinical management. Local resistance
rates guide the antifungal agent selection; if the local azole resistance rate exceeds 10%,
the ESCMID-ECMM-ERS guideline recommends adding echinocandin or using liposomal
amphotericin B [86]. A similar approach is recommended for isolates with high MICs to
voriconazole [86].

Therapeutic drug monitoring is recommended for itraconazole, voriconazole, posacona-
zole and flucytosine to ensure both the safety and efficacy of the therapy [86]. There is
limited data to routinely support isavuconazole therapeutic drug monitoring; however,
it can be considered when there are concerns regarding treatment failure or drug interac-
tions [103,104]. A study by Mikulska et al. suggested that significantly lower serum levels
of isavuconazole were observed among ICU vs. non-ICU patients, which may necessitate
therapeutic drug monitoring of isavuconazole in the ICU patients to ensure efficacy [103].

Novel antifungals in the pipeline have differing mechanisms of action and are being
actively studied as treatment options for invasive aspergillosis [105,106]. Fosmanogepix
is a first-in-class antifungal drug that inhibits the fungal glycosylphosphatidylinositol
(GPI)-anchored wall-transfer protein 1 (Gwt1 protein), which affects the maturation and
localization of the fungal wall mannoproteins, impacting the cell wall integrity and dis-
rupting the processes of hyphal formation and biofilm formation. GPI has shown promise
in azole-resistant aspergillosis and has a favorable side-effect profile [107–111]. The combi-
nation of fosmanogepix and Liposomal amphotericin B has shown promising results in
in vitro models [112].

Opelconazole is a long-acting inhaled triazole, which achieves high concentrations in
the respiratory tract and has limited systemic absorption which reduces adverse events
and drug–drug interactions [113]. Olorofim, a reversible inhibitor dihydroorotate dehydro-
genase, is active against azole- and amphotericin B-resistant Aspergillus species, including
some of the non-fumigatus Aspergillus species [95,114,115]. A phase 3 study comparing
Olorofim versus liposomal amphotericin B, followed by standard of care therapy (OASIS)
in the management of invasive aspergillosis of the lower respiratory tract disease, is in
progress (NCT05101187).

Ibrexafungerp, another newer antifungal, works by inhibiting (1,3)-β-D-glucan syn-
thase in Aspergillus, Candida and other fungi [116]. It has demonstrated potent activity
in vitro against Aspergillus species and demonstrated synergistic activity with voricona-
zole, isavuconazole and amphotericin B [117,118]. Finally, rezafungin, is a long-acting
echinocandin, approved for candidemia and invasive candidiasis. It has demonstrated
in vitro activity against Aspergillus spp, including azole-resistant species. However, it has
not been studied in invasive aspergillosis and further studies are necessary [119–121].

8. Prophylaxis

Antifungal chemoprophylaxis is a standard of care in patients with prolonged neu-
tropenia, acute myeloid leukemia or MDS, history of invasive aspergillosis per engraftment,
GVHD after a follow-up SCT, rare cases of inherited immunodeficiency and select SOT.
Prophylactic posaconazole reduces the incidence of invasive aspergillosis among patients
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with prolonged neutropenia and stem cell transplant with GVHD or AML. The value of
prophylaxis to reduce the incidence of IA in non-neutropenic patients has not been estab-
lished.

Currently, antifungals are not indicated for the prevention of IA in the ICU setting.
Studies indicated that antifungal prophylaxis might be beneficial if the baseline incidence
of IA is greater than 15–30%.

The Isavu-CAPA trial, investigating the use of isavuconazole for the prevention of
CAPA was terminated early due to participant enrollment challenges [122]. According to
the observational study by Hatzl et al., antifungal prophylaxis among ICU patients with
COVID-19 was associated with significantly reduced CAPA incidence; however, it did not
result in improved survival [123].

In 2021, Vanderbeke et al. published the results of a randomized, open-label, proof-
of-concept trial evaluating posaconazole for the prevention of invasive pulmonary as-
pergillosis and critically ill influenza patients (POSA-FLU). Seven days of posaconazole
prophylaxis were compared to no prophylaxis (standard of care, SOC) in these subjects.
The incidence of IPA was not significantly reduced in the treatment arm when compared
to the standard of care. However, this study was underpowered because most of the
patients with IPA were excluded from the study as IPA was diagnosed within 48 h of ICU
admission [124].

The retrospective study evaluating nebulized conventional amphotericin B as a means
of prophylaxis of CAPA also showed a decreased incidence of CAPA in the prophylaxis
groups; however, the mortality benefit was not demonstrated [125,126].

9. Conclusions

The diagnosis and management of IA in the ICU setting, despite it being more widely
recognized by clinical providers, remains challenging. It contributes to an increase in
mortality and poorer outcomes among patients in the ICU. It remains an under-recognized
infection and awareness among providers remains low, contributing to the poor overall out-
comes. Furthermore, variations in the definitions of IA in non-neutropenic patients further
contribute to the insufficiently accurate estimation of the true incidence and prevalence of
IA in the ICU.

It is essential to raise awareness among critical care physicians regarding the incidence
of IA among ICU patients. In particular, the absence of “classical risk factors” may aid
in the early diagnosis and appropriate treatment of these infections, which should lead
to improved outcomes. Further studies are necessary in the ICU to aid in developing
appropriate clinical guidelines and protocols to help navigate the approach to diagnosis
and treatment of IA among these patients.
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Abstract: Invasive fungal infections in the intensive care unit (ICU) are not uncommon and
most cases are caused by Candida species, specifically Candida albicans. However, recently,
there has been an increase in non-albicans Candida spp. (C. glabrata; C. parapsilosis) causing
invasive fungal infections. This has led to an increasing awareness of this infection due
to the increase in documented antifungal resistance in many of these Candida species. In
addition, manifestations of invasive candidiasis are often non-specific, and the diagnosis
remains extremely challenging. Unfortunately, delays in antifungal therapy continue to
hamper the morbidity; length of stay; and the mortality of these infections. Although the
echinocandins are the drugs of choice in these infections, antifungal resistance among the
non-albicans species (C. glabrata; C. krusei; C. auris; C. parapsilosis) is being observed more
frequently. This has led to an increase in morbidity and mortality, specifically in critically
ill patients. Overall, the diagnosis and management of invasive candidiasis in the ICU
remain challenging. It is imperative that the critical care physician keeps this infection at
the forefront of their differential diagnosis in order to decrease the mortality rate of these
individuals. In this review, we discuss the current epidemiologic trends, diagnosis, and
management of invasive candidiasis in the intensive care unit setting.

Keywords: Candida; candidemia; invasive candidiasis; antifungals

1. Introduction

Fungal infections continue to be a dominant concern in immunocompromised patients.
Recently, the Centers for Disease Control (CDC) and the World Health Organization (WHO)
categorized fungal infections into different threat categories [1–3]. The published priority
pathogens are ranked into three separate categories: critical, high, and medium priority. Of
these categories, 6 of the 19 pathogens belong to the genus Candida (Table 1).

These encompass a range of infections caused by numerous Candida species. The
growing problem reflects the enormous increase in the pool of patients at risk and the
increased opportunity for Candida species to colonize and invade tissues which are normally
resistant to invasion. Candida species are true opportunistic pathogens that are able to
exploit recent advances in medical care and gain access to the circulatory system and invade
deeper tissues. As expected, Candida species specifically affect high-risk patients who are
either critically ill or immunocompromised.
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Table 1. Distribution of Candida species [4–6].

Candida Species Isolation Rate

C. albicans 50–60%

C. glabrata 20–40%

C. parapsilosis 10–20%

C. tropicalis 6–12%

C. krusei 1–3%

C. guillermondii

C. lusitaniae

C. dubliniensis

C. auris

2. Epidemiology

Invasive candidiasis (IC) remains the most common cause of invasive fungal infections
worldwide. In fact, 6 of the top 19 fungal infections worldwide are caused by Candida
species. There are over 160 different Candida species in nature; however, 10 of these produce
over 95% of all candidal infections in humans [4]. These include C. albicans, Nakaseomyces
glabrata (Candida glabrata), C. parapsilosis, C. tropicalis, C. krusei, C. lusitaniae, C. guillermondii,
C. dubliniensis, and C. auris (Table 1). However, over the past decade, we have seen a shift
from the more susceptible Candida species (C. albicans) to the less susceptible or resistant
non-albicans Candida species, especially C. glabrata and, more recently, C. auris [4,7]. Of these
non-albicans Candida species, C. glabrata, C. krusei, C. lusitaniae, and C. auris are of greatest
importance because of their intrinsic resistance or the development of secondary resistance
to current antifungals [4,7]. Of these, C. glabrata is probably the greatest threat, since it
is the second most commonly isolated Candida species and has demonstrated increasing
resistance to fluconazole (20–40%). Overall, it is intrinsically less susceptible to azoles and
polyenes. A second potential threat is C. auris, which was first described in 2009 and has
been reported in over 25 countries [8–10]. It has several unique characteristics including
multidrug resistance to all antifungals, including almost 100% resistance to fluconazole,
20–30% resistance to polyenes, and occasional resistance to echinocandins, as well as the
ability to colonize patients and persist in the healthcare environment [8–10] (Table 2).

Numerous epidemiologic studies have shown that all Candida species can be transmit-
ted from person to person and from environment to person [4,8–10]. This has been recently
described in patients that develop infections due to C. auris, whereby environmental colo-
nization by this organism leads to hospital-acquired infections. Prior studies evaluating the
molecular epidemiology of candidal infections have also shown environment-to-patient
transmission of identical strains of C. albicans and C. glabrata [11,12].

Clinical and autopsy studies have confirmed the significant increase in the incidence of
candidemia and disseminated candidiasis. This increase is multifactorial and reflects both
increased recognition as well as a growing population of high-risk patients. Furthermore,
the increase in infection also reflects the improved survival of patients with underlying
immunosuppression and multiple comorbidities.

Candidemia and disseminated candidiasis mortality rates have not improved much
over the past two decades and remain in the 30–40% range. Furthermore, in neutropenic
patients, the mortality rate approaches 100% [4]. In addition, the diagnosis of IC continues
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to be associated with significant increases in length of stay (70 days vs. 40 days) when
compared to patients with no evidence of IC.

Table 2. Relative in vitro susceptibility patterns of the Candida species [13–17].

Fluconazole Voriconazole Echinocandins Polyenes Ibrexafungerp Fosmanogepix

C. albicans S S S S S S

C. glabrata variable variable S S S S

C. parapsilosis S S S S S S

C. tropicalis S S S S S S

C. krusei R S S S

C. lusitaniae S S S variable S S

C. auris R R S variable S S

3. Pathogenesis and Host Defenses

In most fungal infections, host defects play a major role in the development of candidi-
asis. The skin constitutes a highly effective, impermeable barrier to Candida spp. Disruption
of the skin from wounds, burns, and intravenous catheters permits invasion by oppor-
tunistic colonizing organisms. Effective phagocytosis is the critical defense mechanism
that prevents candidal deep-tissue invasion, thereby limiting candidemia and preventing
disseminated infection [18].

The initial step in the development of candidal infections is colonization of the skin
and the gastrointestinal tract. Once the GI tract mucosa is disrupted by either chemotherapy
(mucositis), trauma, or sepsis, organisms penetrate the injured tissue and gain access to the
lymphatics and the bloodstream [4,19,20].

Numerous studies have demonstrated the most common risk factors contributing to
candidemia and disseminated candidiasis. These include central venous catheters, pro-
longed ICU stays (>3 days), neutropenia, broad-spectrum antimicrobials, total parenteral
nutrition, major surgery (GI tract), uncontrolled diabetes mellitus, Clostridium difficile infec-
tions, solid organ transplants, continuous renal replacement therapy (CRRT), extracorporeal
membrane oxygenation (ECMO), the development of acute renal failure with hemodialysis,
mechanical ventilation (>3 days), and severe acute pancreatitis [4–6,21–23] (Table 3). Large
multicenter studies examining the incidence of IC in the ICU have been conducted over the
past decade. The reported rates of candidemia vary significantly between 3.5 and 16.5 per
1000 admissions. However, due to inter-center variability, the fact that most studies focused
on candidemia only, and the fact that some encompassed cases that likely represented
colonization rather than IC, evaluation of IC incidence trends in the ICU over time remains
a challenge [24–27].

A subset of postsurgical patients, particularly those with recurrent gastrointestinal
perforation, anastomotic leaks, or acute necrotizing pancreatitis, are uniquely at high
risk for developing candidemia and IC [28,29]. Several different risk factors have been
derived from multiple studies. However, many of these risk factors lack specificity and
broad application that would render most ICU patients eligible for empirical antifungal
therapy [4,6,22].

A systemic review and meta-analysis by Thomas-Ruddel et al. evaluated 34 different
studies evaluating the most important risk factors for candidiasis. The study evaluated
29 possible risk factors for IC in the ICU, including demographic factors, comorbid condi-
tions, and medical interventions [27]. The authors found that the risk factors associated
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with the highest rate of IC were broad-spectrum antibiotics (OR, 5.6; 95% CI, 3.6–8.8), blood
transfusions (OR, 4.9; 95% CI, 1.5–16.3), Candida colonization (OR, 4.7; 95% CI, 1.6–14.3),
central venous catheters (OR, 4.7; 95% CI, 2.7–8.1), and total parenteral nutrition (OR, 4.6;
95% CI, 3.3–6.3). However, interaction among the various risk factors is probably high
(Table 3) [4,6,22].

Within the hospital setting, the departments with the highest rates of candidemia
include ICUs, surgical units, trauma units, and neonatal ICUs. Moreover, 25–50% of all
nosocomial candidemia occurs in ICUs. More recently, non-albicans Candida species have
also increased significantly in ICUs due to the increased use of fluconazole.

Table 3. Common risk factors for Candidemia and invasive Candidiasis [4,22,23].

Breach in barrier defense

Host-related:
Burns

Mucositis
GI perforation

Pancreatitis
Anastomotic leak

Neutropenia

Medical Interventions Performed:
Central venous catheter

TPN
Abdominal surgery

GI/liver/biliary surgery
Urological intervention

Renal replacement therapy
Mechanical ventilation

Urinary catheter

Antibiotic use Broad-spectrum antibiotics > 72 h

Candida colonization
Multifocal Candida colonization of the skin or
mucus membranes of the gastrointestinal and

urogenital tracts

Environmental acquisition C. auris transmission

Comorbidities

Bacteremia

Sepsis

Shock

Cancer (hematologic > solid organ)

Transplant (BMT > solid organ)
diabetes mellitus

Liver failure

Renal failure

Pulmonary diseases

Hematological diseases

HIV

Neutropenia

Drugs

Corticosteroids

Chemotherapy

Anti-rejection/immunosuppressive

Biologics

Genetics SNPs at loci: CD58, LCE4A-C1, orf68 TAGAP
(14)
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4. Manifestations

Candidal infections can present in a wide spectrum of clinical syndromes depending
on the type of infection and the degree of immunosuppression. Unfortunately, there
are no characteristic manifestations of IC. It has been suggested by Rex JH et al. and
others that candidemia and systemic candidiasis may be divided into four overlapping
groups or syndromes: catheter-related candidiasis, acute disseminated candidiasis, chronic
disseminated candidiasis, and deep-tissue infection [30,31]. Although hematogenous
dissemination occurs at some stage of the evolution of all four syndromes, only the first
two are frequently associated with positive blood cultures. Thus, the use of candidemia as
a marker of IC results in the underestimation of the true incidence of IC.

The clinical manifestation of candidemia and IC can vary significantly, including
fever alone, leukocytosis alone, the absence of any organ-specific manifestations, or a wide
spectrum of manifestations, including culture-negative septic shock (Table 4). Frequently,
manifestations of candidemia may be superimposed on those of the underlying pathology
and are indistinguishable from those associated with bacterial infections [4,6,20,22].

Table 4. Markers of invasive candidiasis [4–6].

• Fever unresponsive to broad-spectrum antimicrobials (frequently the
only manifestation);

• Prolonged intravascular catheters;

• Leukocytosis;

• Prolonged stay in the ICU;

• Septic shock with multi-organ failure;

• Macronodular skin lesions (10–20%);

• Candidal endophthalmitis (5–8%).

Dissemination to multiple organ systems may occur in association with candidemia,
especially to the kidney, liver, spleen, skin (macronodular skin lesions ~10%), eyes (endoph-
thalmitis) (5–10%), brain, CSF, and heart valves [6,22].

5. Diagnosis

For the diagnosis of IC, findings from laboratory studies are non-specific and lack
sensitivity [32,33]. It is most imperative to realize that the early and rapid detection of IC
is important to initiate appropriate antifungal therapy and thus reduce the mortality rate
associated with invasive candidiasis [34].

Blood cultures are generally the initial approach to diagnose candidemia and can-
didiasis. However, even if positive, it can occasionally take several days before Candida
is identified, species identification is performed, and the in vitro susceptibility data are
gathered. Unfortunately, blood cultures are positive only in 40–70% of cases of candidi-
asis [32,33]. In fact, in a large retrospective autopsy published by Roosen et al. in 2000,
the authors evaluated 100 adult patients in the MICU. Of these, 81% of the patients had
a diagnosis made antemortem. However, of the diagnoses that were missed antemortem
(36%), the only infectious process missed was systemic candidiasis (36%) [35].

In other instances of deep-seated candidiasis, tissue cultures are needed. The incidence
of deep-seated candidiasis without concomitant candidemia in the ICU is unclear due to
challenges in obtaining sterile specimens for microbiological confirmation. Intra-abdominal
candidiasis (IAC) accounts for most deep-seated cases of IC, with ~ 30% occurring in the
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critical care unit [29,36]. Perforation, anastomotic leaks, repeat laparotomies, necrotizing
pancreatitis, and abdominal organ transplants increase risk; therefore, incidence is higher
in surgical ICUs [36].

6. Blood and Tissue Cultures

The gold standard for diagnosing invasive candidiasis is blood cultures, even though
their sensitivity is low and the time required for species identification usually exceeds
48 h. Tissue cultures require a surgical approach and are sometimes hard to perform in
an already critically ill patient. However, more recently, interventional radiology with
percutaneous abscess drainage has produced dramatic results. To overcome these issues,
culture-based tests can be combined with non-culture-based assays [33,37,38] (Table 5).
For example, using MALDI-TOF technology, once the organism is isolated, the time to
identification can be shortened to less than 2 h.

Table 5. Non-culture- and culture-based diagnostic tests for invasive candidiasis [4,22,39–41].

Test
Turnaround

Time
Result Sensitivity Specificity Miscellaneous

Culture 1–4 days Positive 40–70% N/A

Permits the
identification of species

and in vitro
susceptibility

B-D-glucan 1–2 h >80 ng/L 90% 80% Non-specific for
candidiasis

T2MR Candida 1 h Positive 91% 99%

Allows the direct
detection of five

Candida spp in whole
blood; limit of

detection:
~1.3 CFU/mL

Molecular
methods

• PCR;
• mcfDNA.

1–2 h Positive 95% 92%
None are

FDA-approved for
clinical practice

Approximately 50% of blood cultures remain negative despite a diagnosis of IC and,
occasionally, a missed diagnosis of candidemia is also encountered for numerous rea-
sons [32,33]. However, candidemia due to line-related infections or endovascular infections
with no deep-seated candidiasis are most likely to result in a positive blood culture. Patients
with candidemia plus deep-seated candidiasis may present with occasional positive blood
cultures. On the other hand, patients with deep-seated candidiasis, most commonly in the
setting of intra-abdominal perforation, rarely have positive blood cultures [32,33].

Recognizing the varied spectrum of Candida infections (candidemia vs. candidiasis
or both) that clinicians might encounter will help with early treatment and performing an
accurate diagnostic approach [4,22].

7. Non-Culture-Based Tests (NCBTs)

The potential of NCBTs is increasingly being utilized to assist in clinical decision
making in order to guide the following: (1) the initiation of pre-emptive antifungal therapy
(AFT); (2) the discontinuation or withholding of empirical AFT; (3) the monitoring of
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clinical improvements in patients with IC. Although they are somewhat sensitive, these
tests are frequently non-specific and broad-spectrum. Unfortunately, most institutions do
not carry these assays in-house and, thus, it may take several days for the results to be
returned. This makes them difficult to use in real time to assess for active infection [42].

1,3-β-d-glucan (BDG) test is one of the most widely used NCBTs. The assay has shown
promise in the diagnosis and treatment stratification of systemic candidiasis infections
in the ICU [22,37,39]. It is important to note that a positive BDG test is suggestive of
infection and should be used in combination with clinical manifestations in high-risk
groups (Table 5).

In addition to monitoring qualitative BDG test results during interval testing, track-
ing quantitative values following the initiation of antifungal therapy may be used as a
prognostic marker for patient response. However, the BDG test is a pan-fungal assay (it
recognizes other fungi besides Candida species) with a sensitivity of 85% and a specificity
of 40–90% [22,37,39].

A study conducted on 257 patients with proven IC that were treated with anidulafun-
gin concluded that a decrease in BDG levels during therapy was associated with treatment
success [40]. Consistently decreasing BDG levels during treatment have been shown by
multiple groups to result in a favorable therapeutic response among patients with proven
or probable invasive fungal infections.

Clinicians should also be wary of scenarios that may lead to false-positive BDG results.
For example, certain medications can falsely elevate beta-D-glucan levels, including intra-
venous amoxicillin–clavulanate and piperacillin–tazobactam [38]. On occasion, infections
by certain bacterial organisms can also lead to false positives including S. pneumoniae and P.
aeruginosa, both of which also produce some degree of BDG. Another clinical scenario to be
aware of is in hemodialysis patients since the cellulose filters used in dialysis may release
BDG substrates that can lead to false positives [43,44]. Blood levels of BDG can also be ele-
vated in the setting of fungal translocation via the GI tract due to a compromised intestinal
epithelial barrier during episodes of mucositis or diarrhea due to immune dysfunction, gut
damage, or altered gut microbiota [43,44].

The T2 magnetic resonance (T2MR) Candida assay (T2 Biosystems, Lexington, MA
02421, USA). is a rapid diagnostic test that uses magnetic resonance technology to directly
detect and identify the presence of the five most common Candida species: C. albicans, C.
glabrate, C. parapsilosis, C. tropicalis, and C. krusei [40]. The assay amplifies Candida DNA
and detects the amplified fragments in whole blood using magnetic resonance properties,
allowing for the faster detection of Candida in the blood compared to traditional culture
methods [41,45,46] [Table 5].

In a study of 1801 subjects, T2MR Candida analyzed whole-blood samples and showed
a sensitivity of 91.1% and a specificity of 99.4% with a turnaround time of 3 h [41].

There are several potential benefits when using the T2MR technology including the
early diagnosis of candidemia, which can lead to improved therapeutic algorithms in
invasive candidiasis. Furthermore, it can lead to increased case detection, species-specific
tailored antifungal therapy, and a decrease in empiric antifungal treatment. This assay can
play an adjunctive role as a stewardship tool to limit unnecessary antifungal utilization. It
has been shown to have a high specificity and NPV when compared to blood cultures.

The BDG assay and T2MR Candida are now commonly used assays in the USA, where
they have shown to be very helpful when deciding to discontinue empiric antifungal
therapy due to their high NPV [47].
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8. Multiplex Candida Real-Time PCR

The use of PCR in the diagnosis of fungal infections continues to be challenging. In
fact, at the present time, for technical reasons, there are no commercially available tests. In
a review of more than 50 standard, nested, or real-time PCRs, the pooled sensitivity and
specificity were 95 and 92%, respectively, for invasive candidiasis [48]. Unfortunately, no
PCR assays have been approved for commercial use in the US.

This test is expensive to perform, however, and although costs may be balanced by
more accurate earlier diagnosis with reduced administration of antifungal agents and
reduced mortality rates, further studies are needed to validate its use and assess its cost–
benefit ratio [49].

9. Microbial Cell-Free DNA (mcfDNA) Sequencing

Microbial cell-free DNA (mcfDNA) represents a new frontier in infectious disease
diagnostics that relies on the detection of fragments of pathogen DNA shed into the blood-
stream from a distant site of infection. Detection can be achieved noninvasively through a
blood draw; thus, the method has been referred to as a “liquid biopsy” [50]. This technique
is often used as a final attempt in diagnosing infection, especially in immunocompromised
and pediatric populations. Unlike traditional microbiological diagnostics, mcfDNA se-
quencing does not rely on organism growth and to some extent can detect a signal despite
the presence of anti-infective treatments. In addition, it also allows for species identification
across multiple kingdoms, including bacterial, viral (DNA viruses only), fungal, or parasitic
organisms, without requiring prior knowledge of the specific organism [50]. This cell-free
DNA (cfDNA) detection in plasma is a novel testing modality for the noninvasive diagnosis
of invasive fungal infections (IFIs).

There are several limitations to these sensitive assays, including the leakage of molec-
ular material from the microbiome that can be absorbed into the bloodstream and lead
to a false positive. This is especially true in patients with acute inflammation, such as
pneumonia. The detection of bacterial DNA in plasma might be particularly problematic in
patients who are immunocompromised because it is very difficult to exclude the possibility
of a true positive [51]. Furthermore, next-generation sequencing does not distinguish
commensal or colonizing organisms from pathogenic organisms, so the results must be
interpreted based on the clinical picture [52,53].

10. Management

The treatment of candidal infections varies considerably and is based on the anatomic
location of infection, the patient’s underlying disease and immune status, the species of
Candida, and in some cases, the in vitro susceptibility of the different Candida species. In
2016, the Infectious Disease Society of America and the Mycosis Study Group published
guidelines for the treatment of candidiasis [54] (Table 6). Several factors are involved in
treating candidemia and IC; these include removing the focus of infection (catheter, ab-
scess), removing or decreasing immunosuppression, restoring immune function, initiating
early and appropriate antifungal therapy, and assessing for metastatic foci of infection
(endophthalmitis) [4,22].

Although controversial, the need for an ophthalmologic exam is still recommended
according to the Infectious Disease Society of America/Mycosis Study Group candidiasis
guidelines [54]. In a recently published study by Lehman et al., the investigators found
an ocular candidiasis incidence of 6% of patients [55]. In addition, they also found the
highest sensitivity of a positive finding when the exams were performed at >7 days from
the positive blood culture.
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Table 6. Treatment of Candidemia and invasive Candidiasis [54].

Antifungal Therapy

Candida Species

C. albicans
C. parapsilosis

C. tropicalis
C. glabrata C. krusei C. auris

Preferred Initial
Therapy Echinocandins Echinocandins Echinocandins Echinocandins

Alternative Initial
Therapy Fluconazole Liposomal AmB Liposomal AmB or

Voriconazole Liposomal AmB

Step-Down Therapy Fluconazole Voriconazole Voriconazole
Variable depending

on in vitro
susceptibility

The management of candidemia and IC in the ICU poses certain challenges. The
presentation of IC in the ICU is frequently non-specific, the results of diagnostic tests
are not readily available, and critically ill patients at the ICU are at risk of further rapid
deterioration. These factors result in a common practice of empirically starting antifungal
treatment. There are several studies that have shown that delays in the initiation of
antifungal therapy translates to increased mortality among ICU patients. However, the
results of randomized clinical trials have failed to demonstrate a clear benefit of pre-
emptive empiric antifungal therapy [34,56,57]. The EMPIRICUS trial failed to demonstrate
improved fungal infection-free survival among 251 non-neutropenic, critically ill patients
with multiple Candida colonization, multiorgan failure, and antibiotic exposure, who were
randomized to either empiric micafungin or placebo. On day 28, IFI-free survival was not
statistically different between the micafungin and placebo groups [58]. However, there was
a trend towards decreased rates of new proven IC in the micafungin group. In a separate
study by Ostrosky-Zeichner et al., the multicenter, double-blinded, placebo-controlled
MSG-01 trial randomized the patients at risk for IC in the ICU to either prophylactic
caspofungin or placebo. No statistically significant difference was observed in terms of
all-cause mortality as well as the development of proven IC [59]. A study by Knitsch
et. al., INTENSE, aimed to assess the efficacy of pre-emptive antifungal therapy with
micafungin vs. placebo among critically ill patients requiring surgery for intra-abdominal
infections [60]. Again, no significant difference was seen in the occurrence of confirmed IC
between the two arms, nor the median time to IC.

The most current IDSA guidelines provide a weak recommendation that fluconazole
could be used among high-risk ICU patients for prophylaxis if the rate of invasive candidi-
asis in the ICU exceeds 5% [54]. The utility of empirical fluconazole for febrile patients
in the ICU despite antibiotics was evaluated in a randomized, placebo-controlled trial by
Schuster et al. [61]. Fluconazole failed to improve the composite outcome more than a
placebo; however, admittedly, this study had several limitations.

It is also important to note that the widespread use of pre-emptive or prophylactic
azole antifungal therapy in the ICU may be contributing to the selection of more resistant
Candida species. According to a retrospective observational study from France, a significant
increase in ICU-acquired Candida glabrata colonization was observed over the 2005–2012
study period, without a concomitant increase in mortality [62]. Another study detected
a statistically significant correlation between the increase in caspofungin MICs among
C. parapsilosis and C. glabrata and the increased use of caspofungin between 2007 and
2009 [63]. Other studies have shown that fluconazole-resistant Candida strains, for instance
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C. parapsilosis, can thrive even in the absence of azole exposure, making it unclear if the
restriction of azoles is enough to prevent the expansion of azole-resistant strains [64,65].
Nonetheless, antifungal stewardship programs are an essential part in the management
of invasive candidiasis in the ICU to ensure the responsible use of antifungals. This
includes inappropriate antifungal therapy in the form of overusing antifungals without
an appropriate indication, incorrect dosing, incorrect choice of antifungal, or drug–drug
interactions; these have been reported in multiple studies and might contribute to adverse
outcomes among the ICU population [66–68].

The limitations of culture and non-culture-based methods used to make a diagnosis
of IC contribute to excessive pre-emptive utilization of antifungals. Blood cultures are
currently considered a gold standard; however, they are frequently negative in intra-
abdominal candidiasis. Moreover, even in candidemia, the prolonged time to positivity
negatively impacts the time to initiate appropriate therapy. The initiation of antifungal
therapy based on the results of non-culture-based testing represents another potential
strategy of antifungal therapy in the ICU [36,69]. Rapid diagnostic tests (MALDI-TOF,
multiplex PCR, peptide nucleic acid fluorescent in situ hybridization, and T2 magnetic
resonance detection panels) can improve the time to appropriate antifungal therapy and
decrease the inappropriate utilization of antifungals [70–72]. Among these tests, the T2MR
detection panel is the only test currently approved by the FDA that does not require prior
incubation and growth on culture media and can be performed straight on a blood sample.

The antifungals that are currently utilized in the ICU setting for the treatment of
invasive candidiasis belong to three major groups: echinocandins, azoles, and polyenes.
According to the IDSA/MSG guidelines, echinocandins are the preferred agent of choice to
initially treat unstable critically ill patients [13,54,73] (Table 6). In addition, echinocandins
are also the preferred initial option for both neutropenic and non-neutropenic patients
due to their ability to penetrate candidal biofilms, broader antifungal activity, favorable
safety profile, good tolerance, and fewer significant drug–drug interactions as compared to
azoles [54,74]. In a meta-analysis by Andes et al., initial antifungal therapy with echinocan-
dins resulted in significantly improved 30-day and 90-day mortality rates as compared to
fluconazole [14,75]. Fluconazole was shown to be a good option for de-escalation therapy.
The IDSA guidelines suggest de-escalation after 5–7 days, after ensuring clinical stabil-
ity. Current ESCMID guidelines recommend switching to oral therapy after 10 days of
intravenous therapy [13,54]. Fluconazole can still be considered as an initial management
option for candidemia among ICU patients without septic shock/multiorgan failure and
in Candida species with no fluconazole resistance [14,54]. Notably, the rapidly emerging
pathogen C. auris is almost universally resistant to fluconazole, making echinocandins
the first-line treatment. However, resistance to all three major groups of antifungals has
been documented among C. auris strains [76–78]. If fluconazole is selected as the initial
antifungal management option, a loading dose should be administered. It is important
to note that testing for antifungal susceptibility should be pursued in all clinically rele-
vant Candida isolates [4,22,54]. Lipid formulations of amphotericin B are suggested as an
alternative in cases when echinocandins and/or azoles are not available and in infections
due to multidrug-resistant Candida strains. It is worth mentioning that Candida species
have an ability to form biofilms and thus produce biofilm-associated infections, such as
catheter-associated infections, which necessitate removal of the central venous catheter.
If, however, for various reasons the catheter cannot be removed, echinocandins or lipo-
somal AmB should be used as the first line. Although no RCTs are available, based on
smaller studies and expert opinions, these antifungals can be of benefit due to their ability
to penetrate candidal biofilms [74,79]. Most guidelines do not consider amphotericin B
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an attractive first-line option due to its inherent nephrotoxic potential. Voriconazole is
recommended as a step-down option for C. krusei infections [54].

De-escalation of the antifungal therapy, preferably oral, seems an appropriate mode of
action in clinically stable ICU patients after the recommended duration of parenteral referred
therapy and in the absence of antifungal resistance. In the open-label trial by Vazquez et al.,
there was no difference when anidulafungin was de-escalated to fluconazole/voriconazole
after five days of treatment vs. continued parenteral therapy throughout the duration of
treatment if the prespecified criteria for de-escalation were met [80]. Post hoc analysis of
the AmarCAND2 study also showed no association between systemic antifungal therapy
de-escalation and an increase in 28-day mortality. However, the study population included
patients with not only proven but also suspected candidiasis, with almost half of the de-
escalation group having proven invasive candidiasis [81]. In the post hoc analysis by Moreno-
Garcia et al., early de-escalation in candidemia caused by fluconazole-susceptible strains
after source control had been achieved had no negative impact on 30-day mortality in the
multivariable analysis of risk factors [82]. Notably, these two studies were not designed to
compare the ongoing therapy with echinocandins and the de-escalation to azoles. Despite
the published data regarding the safety of de-escalation in clinically stable patients with
fluconazole-susceptible strains, the actual de-escalation rates vary. In fact, studies evaluating
de-escalation reported levels of de-escalation of systemic antifungal therapy in the ICU as low
as 20–23% [81–83]. Further antifungal stewardship efforts are necessary to ensure appropriate
and timely de-escalation of systemic therapy [15].

Biomarker-driven de-escalation of systemic antifungal therapy has shown to be a
reliable option among the ICU population. The BDG assay alone or in combination with
other tests (Mn-Ag/Mn-Ab) has a good negative predictive value, providing evidence to
rule out IC and discontinue the antifungal therapy, as shown in two RCTs [16,84].

As stated previously, source control remains a key element of the successful treat-
ment of invasive candidiasis/candidemia in the ICU. Failure to achieve source control is
associated with higher 30-day and hospital mortality [54,57,85].

The rate of invasive candidiasis caused by drug-resistant Candida strains is increasing
concern, rendering some of the actively utilized agents, such as azoles and echinocandins,
relatively ineffective. Several novel antifungals are currently being studied as potential
medicines to overcome current challenges in the management of invasive candidiasis in
the setting of antifungal resistance. Ibrexafungerp is an oral triterpenoid and works by
inhibiting (1,3)-β-D-glucan synthase, similarly to echinocandins. It demonstrates potent
in vitro activity against drug-resistant Candida species, including azole-resistant Candida
spp., echinocandin-resistant C. glabrata, and MDR C. auris [86,87]. Currently, the utility of
ibrexafungerp in invasive candidiasis and as step-down therapy in candidemia, including
infections caused by MDR C. auris, is being evaluated in CARES and FURI studies, with
promising interim results [17,87].

Fosmanogepix is another novel antifungal that has demonstrated potent activity against
C. auris [87–89] in a phase-2 clinical trial evaluating fosmanogepix in invasive candidiasis and
candidemia due to C. auris [88]. In addition, it also showed promise as a first-line treatment of
candidemia in non-neutropenic patients, with a favorable side-effect profile [87–89].

Finally, rezafungin is a once-weekly echinocandin with a broad spectrum of activity
against Candida spp., including C. auris [90,91]. Rezafungin has demonstrated excellent
activity in treating both IC and candidemia in the two randomized clinical trials STRIVE
and RESTORE [92,93]. However, its role in the initial management of ICU patients needs to
be further established [92,93]. Rezafungin is currently being used to continue echinocandin
therapy in cases when the patients are clinically stable and ready for discharge. This avoids
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the use of central venous catheters in the OPAT setting while continuing once-weekly
echinocandin treatment.

11. Empiric Therapy

The empiric use of antifungal agents in febrile septic patients in the ICU is widespread
despite the absence of significant clinical data. Given the existing data regarding the use of
early and appropriate antifungal therapy and its correlation with decreased mortality, it
appears reasonable to recommend empiric therapy in selected patients. It is important to
note that the use of empiric antifungal therapy in any febrile, low-risk patient is not justified.

There are several studies that may be used for the early identification of patients that
are at high risk of developing IC and thus may benefit from an antifungal, specifically,
the Candida colonization index, the Candida score, and the Ostrosky-Zeichner clinical
prediction rule [94–96].

The Candida colonization index (CCI) is based on the premise that most patients with IC
have been previously colonized by Candida species. The development of invasive candidal
infections is often preceded by extensive multifocal colonization of the skin or of the mucus
membranes of the gastrointestinal and urogenital tracts, and it is dependent on the degree
of colonization. This is assessed using the colonization index, which has been shown to
be an independent risk factor for the development of candidemia and IC [94]. A 6-month
prospective cohort study was carried out in patients admitted to the surgical and neonatal
intensive care units in a 1600-bed university medical center. The authors concluded that the
intensity of Candida colonization, which was assessed by systematic screening, helped in
predicting subsequent infections with identical Candida strains in critically ill patients. This
study identified high-risk patients with Candida colonization and may offer an opportunity
for early intervention strategies [95]. However, its true applicability in critically ill patients
is still limited without the use of more accurate predictors, such as specific biomarkers.
The Candida colonization index remains an important way to characterize the dynamics of
colonization, which increases early in patients who develop invasive candidiasis.

The Candida score is another method that may be used to identify high-risk pa-
tients prior to those patients developing positive blood cultures. In a large cohort of
non-neutropenic, critically ill patients in whom Candida colonization was prospectively
assessed, a “Candida score” of >2.5 (1 point for TPN, surgery, multifocal candida; 2 points
for severe sepsis) accurately selected patients who would benefit from early antifungal treat-
ment. The overall results from this study demonstrated a sensitivity of 81%, a specificity of
74%, a PPV of 16%, and an NPV of 98% [96].

The Ostrosky-Zeichner clinical prediction rule measures factors associated with the
development of candidemia and IC. These factors include mechanical ventilation ≥ 48 h,
systemic antibiotic use, and CVP (on any of days 1–3 of ICU admission), plus ≥ 1 of the
following: any major surgery (days 7–0), pancreatitis (days 7–0), use of steroids/other
immunosuppressive agents (days 7–0), use of TPN (days 1–3), or dialysis (days 1–3).
The results revealed a sensitivity of 81%, a specificity of 74%, a PPV of 16%, and an
NPV = 98% [97].

All these studies and the subsequent scores have limitations. These limitations include
the potential for inaccurate predictions when trying to apply them to all critical patients, the
reliance on clinical data that may not be readily available, the need for further validation in
diverse settings, and their inability to definitively diagnose infection without confirmatory
cultures. In essence, they should be used as tools to develop a risk assessment, not a
diagnostic test [4,22,54].
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Antifungal stewardship programs can be very valuable in initiating appropriate
antifungal therapy. The combination of the “Candida Score” which was published by
Posteraro et al. and the BDG assay can be a very useful tool to initiate early empiric
therapy and discontinue antifungal therapy [97,98]. The criteria to initiate empiric or early
presumptive antifungal therapy (echinocandin) in our institution include a Candida score
of ≥3, high-risk patients, and a duration of >72 h on broad-spectrum antibiotics. If the
patients meet these criteria, an antifungal is initiated after drawing a BDG assay. After
48 h, the BDG assay is repeated. If the BDG assay is positive, the antifungal is continued.
However, if both BDG assays are negative, then the antifungal is discontinued. The use
of this practice has helped decrease the use of empiric antifungal therapy by over 50%
(Tables 7 and 8). A randomized multicenter study evaluating this methodology is still
needed for it to be a strong recommendation.

Table 7. Antifungal stewardship guide for early presumptive therapy in high-risk patients with
suspected Candidiasis: a stepwise approach [97,98].

• Patient on broad-spectrum antimicrobials for >72 h;
• Negative blood cultures;
• Candida score > 3.

Consider the following:

• Obtaining β-D-glucan and one set of blood cultures;
• Initiating echinocandin.

At 48–72 h, perform the following:

• Repeat β-D-Glucan and one set of blood cultures.

If two sets of blood cultures are negative and two sets of β-D-glucan are negative, consider
discontinuing the antifungal therapy.

Table 8. Candida score calculation [97,98].

Candida Score Components Points Assigned

Total Parenteral Nutrition via Central Line 1

Surgical ICU Admission 1

Multifocal Candida Colonization 1

Sepsis 2

12. Conclusions

Infections due to Candida species are much more common than we think and remain
a significant cause of morbidity and mortality in high-risk hosts [35]. These high rates
are due to the lack of a diagnostic assay and the late initiation of appropriate antifungal
therapy. Numerous challenges remain despite over 40 years of studying these infections,
specifically, the highly variable and non-specific clinical presentations and the fact that
no single, sensitive, universally applicable diagnostic assay is readily available. The
current management of therapy needs to include having a high index of suspicion in
high-risk groups, accurate knowledge of Candida species within each institution due to the
increase in non-albicans Candida species, and the early initiation of appropriate antifungal
therapy. Waiting for definitive proof of an infection increases the risk of a potentially fatal
progression of the infection. Newer antifungal agents currently being studied may assist in
the definitive therapy of these multidrug-resistant Candida species.
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65. Arastehfar, A.; Hilmioğlu-Polat, S.; Daneshnia, F.; Pan, W.; Hafez, A.; Fang, W.; Liao, W.; Şahbudak-Bal, Z.; Metin, D.Y.; De
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Abstract: Objective: The aim of this study was to estimate the incidence and inpatient
outcomes of liver failure and cirrhosis (LFC) admissions with invasive aspergillosis (IA) in
the United States. Methods: This retrospective cohort study utilized the 2016–2020 National
Inpatient Sample (NIS) database to analyze outcomes of IA in LFC admissions. Baseline
variables, including demographics, comorbidities, and complications, were identified using
International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM)
codes, and liver transplant admissions were excluded. Outcomes were compared between
LFC admissions with and without IA. Results: During the study period, 9515 (0.36%) LFC
admissions were associated with IA. This cohort experienced significantly higher rates of
complications, including acute kidney injury (AKI) (73.36% vs. 42.96%; p < 0.001) and acute
respiratory failure (ARF) (65.74% vs. 24.85%; p < 0.001). IA admissions required invasive
mechanical ventilation (IMV) more frequently (58.17% vs. 18.78%; p < 0.001). All-cause
inpatient mortality was significantly higher in the aspergillosis group (43.40% vs. 15.75%;
p < 0.001). IA admissions had longer lengths of stay (LOS), with 38.89% exceeding 21 days
compared to 6.20% (p < 0.001), and a mean LOS more than three times longer (22.9 vs.
7.5 days; p < 0.001). The IA group incurred over four times higher hospital charges (USD
459,414.9 vs. USD 104,389.4; p < 0.001) and hospitalization costs (USD 108,030.6 vs. USD
24,272.1; p < 0.001) compared to the LFC without aspergillosis group. Interpretation: LFC
admissions with IA experienced poorer outcomes, longer hospital stays, and significantly
higher healthcare costs, underscoring the need for targeted interventions in this high-risk,
nonclassical population.

Keywords: invasive aspergillosis; liver failure; cirrhosis; fungal infection; invasive mechan-
ical ventilation

1. Introduction

Aspergillosis is a rare but fatal non-traditional infection in patients with liver failure,
with previous studies reporting mortality rates exceeding 50% [1–3]. In recent years, there
has been an increasing trend in aspergillosis infections in the United States [4]. It typically
begins with inhalation of Aspergillus spores into the lungs, followed by hematogenous
spread to other organ systems. Traditionally, fungal infections were primarily associated
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with severely immunocompromised individuals, such as those with hematologic malignan-
cies, neutropenia, or T-cell suppression [5]. However, these infections are now increasingly
observed in other patient populations, including those with cirrhosis [2]. Notably, approxi-
mately 50% of patients with acute or advanced liver disease are diagnosed with invasive
aspergillosis postmortem [1].

Despite these alarming statistics, there remains a significant lack of data on the out-
comes of LFC patients with IA. This study aims to fill this gap by providing a compre-
hensive overview of the epidemiology, clinical outcomes, and socioeconomic impact of IA
in LFC admissions, using the NIS database from 2016 to 2020. Leveraging this extensive
administrative database enables the study of rare, low-incidence conditions like IA and
facilitates the calculation of nationally representative estimates.

2. Methods

2.1. Data Source

This retrospective cohort study aimed to investigate the factors associated with LFC
admissions with IA and their in-hospital mortality. Additionally, the study examined
the relationship between LFC admissions and other socioeconomic and hospital-level
factors, such as length of stay and hospitalization cost. The study utilized the NIS database
for the years 2016 to 2020, developed for the Healthcare Cost and Utilization Project,
sponsored by the Agency for Healthcare Research and Quality. The NIS is a publicly
available, all-payer database of inpatient hospitalizations in the United States, providing
nationally representative estimates of hospital inpatient stays. It contains a stratified
sample of approximately 20% of all discharges from community hospitals in the country,
estimating more than 35 million hospitalizations annually. Each observation in the database
represents a hospitalization with one primary diagnosis, up to 39 secondary diagnoses,
and 25 procedure diagnoses [6]. These are coded using the International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) codes and the International
Classification of Diseases, Tenth Revision, Procedure Coding System (ICD-10-PCS) codes.
The NIS data are depersonalized, and individual identities are protected. As the study
used the NIS database, it was exempt from review by the institutional review board.

2.2. Study Population

We analyzed the 2016–2020 NIS database to identify LFC hospitalizations using ICD-
10-CM codes for acute, alcoholic, and chronic liver failure (K7200, K7201, K7040, K7041,
K7210, K7211, K7290, K7291, K717, K7030, K7031, K7460, K7469). Cirrhosis was defined
by combining codes for cirrhosis and complications such as portal hypertension (K766),
ascites (R188), spontaneous bacterial peritonitis (K652), hepatorenal syndrome (K767),
hepatic encephalopathy (K7291, K7201, K7211, K7290), and esophageal varices (I8501,
I8511, I8510, I8500) [7]. Liver transplant admissions were excluded from the study and
identified using ICD-10-CM (T8640, T8641, T8642, T8643, T8649, Z4823, Z944) and ICD-10-
PCS (0FY00Z0, 0FY00Z1, 0FY00Z2) codes. Aspergillosis was identified using ICD-10-CM
codes B440, B441, B442, B447, B448, B4481, B4489, B449, B488, and B49 listed anywhere in
the diagnosis column.

2.3. Baseline Variables and Comparison Groups

The study evaluated baseline variables, including demographics such as age, sex,
median household income, and race, categorized as White, Black, Hispanic, and Other
(encompassing Asian or Pacific Islanders and Native Americans). Comorbidities, including
alcohol use disorder, cerebrovascular disease, coronary artery disease, drug use disorder,
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dyslipidemia, obesity, and venous thromboembolism, were identified alongside complica-
tions such as AKI, ARF, disseminated intravascular coagulation, gastrointestinal bleeding,
and sepsis or infection. These variables were identified using ICD-10-CM codes and the
Charlson Comorbidity Index. The study also assessed the utilization of procedures such as
non-invasive ventilation (NIV) and IMV and explored hospital characteristics, including
teaching status, geographic region, bed size, and primary payer. A comparative analysis
was conducted to identify differences in outcomes between LFC admissions with and
without aspergillosis, ensuring a comprehensive evaluation of the affected population.

2.4. Statistical Analysis

We conducted a descriptive analysis to examine and compare these baseline variables
between LFC admissions with and without IA. The provided weights were applied to
generate national estimates using the methodology outlined by the Healthcare Cost and
Utilization Project [8]. Categorical variables were analyzed using a paired chi-square test,
while means for continuous variables were compared using the adjusted Wald test. Results
were presented as percentages for categorical variables and mean ± SD for continuous
variables. The ICD-10 codes utilized in the study can be found in the Supplementary
Materials Table S1. Additionally, we reported annual LFC admissions from 2016 to 2020,
along with the corresponding mortality for each year. Analyses were conducted using Stata
software version 15.1 (StataCorp, College Station, TX, USA).

3. Results

3.1. Baseline Characteristics

From 2016 to 2020, there were 3,015,364 hospitalizations for LFC nationwide, with
9515 admissions (0.36%) associated with IA. Admissions in the IA cohort were younger
compared to the non-IA cohort, with mean ages of 58.4 years and 60.3 years, respec-
tively (p < 0.001). While the majority of admissions in both cohorts fell into the 61–80 age
group, the IA cohort had a higher proportion of younger admissions and a lower propor-
tion of older admissions compared to the non-IA group (18–40 years: 12.24% vs. 8.60%;
41–60 years: 39.31% vs. 40.46%; 61–80 years: 43.41% vs. 43.91%; and >80 years: 5.04% vs.
7.03%; p < 0.001). Although male admissions accounted for the majority in both cohorts, no
significant difference was observed between the aspergillosis and non-aspergillosis groups
(56.91% vs. 58.52%; p = 0.1632).

The majority of hospitalizations in both cohorts were White. However, the IA cohort
had a significantly higher proportion of racial minorities compared to the non-IA group.
Proportions of Hispanics, Blacks, and individuals from other racial groups (including Asian
or Pacific Islanders and Native Americans) were higher in the aspergillosis cohort (16.12%
vs. 15.49%; 13.55% vs. 10.97%; 8.62% vs. 7.08%, respectively; p < 0.001).

Admissions to teaching hospitals were higher for LFC patients with aspergillosis than
those without aspergillosis (83.60% vs. 73.45%; p < 0.001). NIV and IMV were utilized more
frequently in LFC admissions with IA than in those without IA (7.35% vs. 3.14% and 58%
vs. 18.71%, respectively; p < 0.001).

The IA cohort exhibited a lower overall comorbidity burden compared to the non-
aspergillosis cohort, with fewer admissions having a Charlson Comorbidity Index > 3
(57.17% vs. 61.15%; p < 0.001). Admissions in the IA group had significantly lower rates
of alcohol use disorder (14.98% vs. 29.37%; p < 0.001), coronary artery disease (16.61%
vs. 20.53%; p < 0.001), dyslipidemia (15.76% vs. 23.56%; p < 0.001), hypertension (45.72%
vs. 57.78%; p < 0.001), obesity (12.14% vs. 15.04%; p = 0.0004), and tobacco use disorder
(23.91% vs. 40.86%; p < 0.001). However, the IA cohort had a significantly higher rates
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of pulmonary comorbidities, including bronchiectasis (2.26% vs. 0.18%; p < 0.001) and
cystic fibrosis (1.05% vs. 0.07%; p < 0.001). The IA group experienced a significantly
higher incidence of complications compared to the non-aspergillosis LFC group. These
included AKI, ARF, non-gastrointestinal bleeding, disseminated intravascular coagulation,
intracranial hemorrhage, sepsis, and venous thromboembolism (Table 1).

Table 1. Baseline Variables of Admissions with Liver Failure and Cirrhosis With and Without
Aspergillosis.

Variable
LFC Without Aspergillosis

(N: 3,005,849)
LFC with Aspergillosis

(N: 9515)
p Value

Age at admission in years, mean (±SD) 60.3 (13.5) 58.4 (14.3) <0.001

Age group (in years): <0.001

18–40 8.60% 12.24%

41–60 40.46% 39.31%

61–80 43.91% 43.41%

>80 7.03% 5.04%

Race: 0.0001

White 66.48% 61.66%

Black 10.97% 13.58%

Hispanic 15.47% 16.27%

Others a 7.08% 8.49%

Female 41.48% 43.09% 0.1632

Quarter: 0.1219

Quarter 1 (January–March) 24.93% 25.43%

Quarter 2 (April–June) 24.36% 24.12%

Quarter 3 (July–September) 25.11% 23.06%

Quarter 4 (October–December) 25.61% 27.38%

Median household income: 0.0036

Quartile 1 (poorest) 33.07% 30.77%

Quartile 2 26.93% 26.14%

Quartile 3 23.07% 23.02%

Quartile 4 (wealthiest) 16.93% 20.06%

Primary expected payer: <0.001

Medicare 47.51% 45.22%

Medicaid 23.31% 22.98%

Private Insurance 20.45% 24.87%

Self-pay and other b 8.73% 6.94%

Admitted to teaching hospital 73.36% 83.39% <0.001

Hospital bed size: <0.001

Small 17.89% 12.45%

Medium 28.00% 23.33%

Large 54.11% 64.21%
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Table 1. Cont.

Variable
LFC Without Aspergillosis

(N: 3,005,849)
LFC with Aspergillosis

(N: 9515)
p Value

Region of Hospital: 0.0565

Northeast 16.42% 17.66%

Midwest 20.58% 19.39%

South 39.77% 37.52%

West 23.22% 25.43%

Charlson comorbidity index: <0.001

0–1 8.77% 13.45%

2–3 30.08% 29.37%

>3 61.15% 57.17%

Comorbidities:

Alcohol use disorder 29.37% 14.98% <0.001

Bronchiectasis 0.18% 2.26% <0.001

Cerebrovascular disease 4.66% 10.14% <0.001

Coronary artery disease 20.53% 16.61% <0.001

Cystic fibrosis 0.07% 1.05% <0.001

Drug use disorder 8.79% 7.04% 0.0072

Dyslipidemia 23.56% 15.76% <0.001

Hypertension 57.78% 45.72% <0.001

Obesity 15.04% 12.14% 0.0004

Tobacco use disorder 40.86% 23.91% <0.001

Complications:

Acute kidney injury 42.96% 73.36% <0.001

Acute respiratory failure 24.85% 65.74% <0.001

Bleeding other than GI 1.27% 4.15% <0.001

Disseminated intravascular coagulation 2.49% 11.46% <0.001

Gastrointestinal bleeding 20.49% 21.97% 0.1147

Intracranial hemorrhage 1.42% 3.52% <0.001

Sepsis or infection 52.95% 100.00% <0.001

Venous thromboembolism c 7.99% 16.29% <0.001

Procedure:

Invasive mechanical ventilation 18.78% 58.17% <0.001

Non-invasive ventilation 3.15% 7.30% <0.001

Length of stay (in days): <0.001

≤10 80.05% 33.32%

11–20 13.75% 27.80%

≥21 6.20% 38.89%
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Table 1. Cont.

Variable
LFC Without Aspergillosis

(N: 3,005,849)
LFC with Aspergillosis

(N: 9515)
p Value

Disposition of patient: <0.001

Routine 50.98% 24.93%

Transfer to short-term hospital 4.93% 7.26%

Transfer to a facility d 22.94% 45.21%

Home-health care 18.58% 21.12%

Left against medical advice 2.57% 1.49%

Outcomes:

All-cause inpatient mortality 15.75% 43.40% <0.001

Length of stay in days, mean (±SD) 7.5 (9.4) 22.9 (24.7) <0.001

Total hospital charges in US dollars, mean (±SD) $104,389.4 (200,464.1) $459,414.9 (682,279.8) <0.001

Total hospital costs in US dollars, mean (±SD) $24,272.1 (43,016.1) $108,030.6 (155,198.1) <0.001
a: Includes Asian or Pacific Islanders, Native Americans, and others. b: Includes no charge, worker’s compensation,
CHAMPUS, CHAMPVA, Title V, and other government programs. c: Includes both pulmonary embolism and
deep vein thrombosis. d: Includes Skilled Nursing Facility (SNF), Intermediate Care Facility (ICF), another type
of facility.

3.2. Outcomes

All-cause inpatient mortality was notably higher in the IA group (43.40% vs. 15.75%;
p < 0.001). Additionally, nearly half of IA admissions required discharge to a nursing or
rehabilitation facility (45.21%) compared to 18.58% in the non-aspergillosis group, while
routine discharges were significantly more common in the non-aspergillosis group (24.93%
vs. 5.98%; p < 0.001).

Hospital stays were markedly longer for the IA cohort, with 38.89% of admissions
exceeding 21 days compared to 6.20% in the non-aspergillosis cohort (p < 0.001). The mean
LOS was more than three times longer for IA admissions (22.9 vs. 7.5 days; p < 0.001). The
mean total hospital charges for the IA cohort were more than four times higher than those
for the non-aspergillosis cohort (USD 459,414.9 vs. USD 104,389.4; p < 0.001). Similarly,
the mean total hospitalization costs in the IA group were over four times greater than
in the non-IA group (USD 108,030.6 vs. USD 24,272.1; p < 0.001) (Table 1). Table 2 and
Figure 1 provide the number of admissions and death of LFC admissions with IA during
the study period.

Table 2. Absolute Number of Liver Failure and Cirrhosis Admissions (2016–2020).

2016 2017 2018 2019 2020 Total

Admissions for liver failure and
cirrhosis 544,150 577,480 608,745 637,660 647,330 3,015,364

Admissions for liver failure and
cirrhosis with invasive aspergillosis 1960 1740 1820 1810 2185 9515

Death count in admissions for liver
failure and cirrhosis with invasive
aspergillosis

695 710 825 850 1045 4125
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Figure 1. Liver Failure and Cirrhosis Admissions in the US (2016–2020).

4. Discussion

To our knowledge, this is the largest study utilizing a national database to examine
the epidemiology and outcomes of IA in patients with liver disease. Fungal infections
have long been linked to severe immunosuppression, commonly seen in conditions such
as hematologic malignancies, neutropenia, and T-cell suppression [5]. While aspergillo-
sis has traditionally been recognized as an opportunistic infection, recent studies have
highlighted its role as a life-threatening complication in patients with liver failure [1,9,10].
A previous study suggests that the increased infection risk in cirrhotic patients may be
due to cirrhosis-associated immune dysfunction, which combines immunodeficiency with
disturbances in key immune cells, including neutrophils, monocytes, T cells, and B cells [11].
Further supporting this, another study found that both innate and, more notably, adaptive
cellular immune impairments emerge early in the progression of liver cirrhosis, potentially
increasing susceptibility to infections [12]. A postmortem study revealed that over half of
the patients with acute or advanced liver disease had a diagnosis of invasive aspergillo-
sis [1]. The Centers for Disease Control and Prevention data indicate that the incidence
of aspergillosis has been rising at an average rate of 3% over the past decade [13]. Given
the increasing incidence of aspergillosis and the growing recognition of LFC patients as
a high-risk group, our study seeks to address gaps in epidemiological data regarding its
prevalence, outcomes, and clinical implications in this vulnerable population.

Between 2016 and 2020, we identified 9515 hospitalizations for LFC and IA, corre-
sponding to an observed incidence of 0.36%. This is similar to findings from a retrospective
study in China, which reported an incidence of 0.29% [14]. However, significantly higher
rates have been observed in intensive care unit (ICU) settings, reaching 14.28% [10]. Prior
research has classified liver cirrhosis patients with an ICU stay of more than 7 days as
an intermediate-risk category for invasive aspergillosis, possibly explaining the higher
incidence observed in ICUs [2]. Notably, liver transplant recipients have a significantly
higher incidence of aspergillosis, exceeding 9.2% [15]. Solid organ transplantation is a
well-recognized risk factor for opportunistic aspergillosis, primarily due to prolonged
immunosuppressant and corticosteroid exposure. To ensure a more specific analysis, we
excluded hospitalizations involving liver transplantation from this study.

The mean age of LFC admissions with IA in our study was 58.4 years, closely aligning
with a previous study that reported a mean age of 57 years for LFC patients [16]. We ob-
served a higher incidence of IA among African-American, Hispanic, Asian, Pacific Islander,
and other minority populations. Among these groups, Hispanics had the highest propor-
tion of aspergillosis cases (16.27%), underscoring the disproportionately higher burden of
aspergillosis in minority communities affected by LFC. This trend is consistent with prior
research on COVID-19-associated aspergillosis [17]. Furthermore, LFC admissions with IA
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were more frequently seen in teaching hospitals compared to those without aspergillosis
(83.39% vs. 73.36%). This pattern mirrors findings from a study on influenza-associated
aspergillosis and is likely due to the transfer of more critically ill patients—who have
a higher risk of developing IA—to academic centers, as well as greater awareness and
diagnostic recognition of aspergillosis in teaching hospitals [18].

Our study found that admissions with IA had a younger mean age at admission
and a lower Charlson Comorbidity Index (19.18% vs. 29.14% with Charlson Comorbidity
Index > 3; p < 0.001), suggesting that IA is more closely linked to acute physiological decline
rather than cumulative comorbidities. This aligns with the nature of infections, which
typically occur as acute events rather than as a consequence of long-term disease burden.

We observed a higher proportion of IA-associated LFC admissions in the wealthiest
income quartile, whereas the poorest quartile showed a lower proportion of LFC admissions
with IA. This disparity may reflect greater access to healthcare resources and diagnostic
tools among higher-income populations, potentially leading to increased detection of IA.
However, the database lacks granular information to provide definitive explanation of
this observation.

We found that frequency of AKI was significantly higher in the IA cohort compared to
the non-IA cohort (73.36% vs. 42.96%). Previous studies have similarly reported that IA
contributes to severe organ failure [18,19]. Additionally, we observed a higher incidence of
non-gastrointestinal bleeding, disseminated intravascular coagulation, intracranial hem-
orrhage, and venous thromboembolism in the IA cohort. These complications indicate
an increased risk profile that may hinder the feasibility of invasive diagnostic procedures,
potentially leading to delays in diagnosis and poorer clinical outcomes. We observed
that ARF occurred more than twice as frequently in the IA cohort, a trend consistent with
previous studies on IA [18]. This reflects the more critical nature of patients with IA or may
be a reason for their increased risk for this infection. Additionally, pulmonary comorbidities
such as cystic fibrosis and bronchiectasis were more prevalent in this group. Individuals
with underlying lung disease are known to be at increased risk for IA, which typically
originates in the lungs and can disseminate to other organs. LFC admissions with IA
required IMV over three times more frequently than those without aspergillosis (58.17% vs.
18.78%). Western European studies have reported IMV requirements ranging from 52%
to 100% in cirrhotic patients with aspergillosis [10,16]. This high IMV requirement may
be due to missed or delayed diagnosis of IA in these non-classical patients, a pattern also
observed in previous studies. Diagnostic tools for aspergillosis in non-neutropenic patients,
such as serum galactomannan, have limited predictive value, whereas bronchoalveolar
lavage specimens have demonstrated greater diagnostic accuracy in this population [9,20].
A recent study highlighted the potential of a non-invasive antibody-guided positron emis-
sion tomography and magnetic resonance probe for detecting Aspergillus fumigatus lung
infections [21]. Given these challenges, diagnosing aspergillosis in non-neutropenic pa-
tients requires a comprehensive approach that integrates radiological findings, cultures,
fungal biomarkers, and molecular tools for greater accuracy, as also recommended in the
structured diagnostic and therapeutic framework proposed by Bassetti et al. [9].

The length of stay for admissions with IA was more than three times longer than
that of non-aspergillosis patients (22.9 vs. 7.5 days) and significantly exceeded durations
reported in previous large-scale studies, which documented ICU stays of 14 or more days
for aspergillosis patients [2,10,22]. The extended hospitalization can likewise be attributed
to the atypical presentation and delayed diagnosis of IA in LFC patients.

We found that the mean total hospital charges for the IA cohort were more than four
times higher than those for the non-IA cohort (USD 459,414.9 vs. USD 104,389.4). Similarly,
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mean total hospitalization costs were over four times greater in the aspergillosis group
compared to the non-aspergillosis group (USD 108,030.6 vs. USD 24,272.1), placing a
significant financial strain on the healthcare system. An interesting observation from a
study in China highlighted that the high mortality associated with invasive pulmonary
aspergillosis was not only due to diagnostic and treatment challenges but also to the
heavy economic burden. Many patients, unable to afford the cost of care, ultimately
discontinued treatment [3]. These findings emphasize the critical need for early diagnosis,
improved treatment strategies, and cost-effective interventions to reduce both clinical and
financial burdens.

Mortality rates for aspergillosis in cirrhotic patients have remained alarmingly high,
with prior studies reporting rates exceeding 50% [1–3]. A cohort study from China observed
mortality surpassing 70%, while a decade-long analysis from France documented a lower
hospital mortality rate of 37% [3,16]. Additionally, a large-scale study on ICU patients
with cirrhosis and aspergillosis has reported a 100% mortality rate [10]. In our study, we
found a mortality rate of 43%, aligning more closely with the French data. Compared to
neutropenic patients, non-neutropenic individuals are significantly less likely to exhibit
classic symptoms of IA, making early detection more challenging [23]. Furthermore, a
large study examining both neutropenic and non-neutropenic patients found that classic
radiographic signs, such as nodules and cavitation, were rare. Instead, non-specific findings
like consolidation, ground-glass infiltrates, and pleural effusions were more commonly
observed [23]. This lack of distinct imaging features further complicates the diagnosis of as-
pergillosis in LFC patients. The combination of delayed diagnosis and atypical presentation
often leads to aspergillosis being recognized only at critical stages, contributing to poorer
outcomes. Another important factor that may play a role in the outcome of aspergillosis in
this patient population is the challenge with starting and maintaining antifungal therapy
given the increased risk of liver dysfunction associated with these medications. The NIS
database does not provide information about antifungal therapy in these patients.

To our knowledge, this is the largest study examining aspergillosis as a complication
in liver failure patients. It provides valuable insights into its incidence and outcomes;
however, several limitations must be acknowledged.

One of the limitations is the lack of data on diagnostic tools and treatment strategies,
as the NIS database does not capture this information. Specifically, the database does
not provide information on the etiology of LFC, treatment such corticosteroids or other
immunomodulatory medications, or antifungal therapy. Additionally, the structure of
the NIS prevents tracking individual patients across multiple admissions, with each entry
representing a separate hospitalization rather than a continuous patient history. This
restriction limits longitudinal analysis and may obscure disease progression and treatment
pathways [24]. Furthermore, the NIS lacks the clinical information needed to apply the
European Organization for Research and Treatment of Cancer criteria for IA, including
host factors indicative of immunocompromised status. Given the low observed incidence
and the inability to exclude alternative diagnoses such as chronic pulmonary aspergillosis
or to identify established host risk factors, establishing a definitive association or causal
relationship between LFC and IA is challenging. Moreover, since the timing of diagnoses
cannot be determined in the NIS, it remains unclear whether IA represents a pre-existing
condition, the cause of admission, or a complication arising during hospitalization.

While national databases offer valuable epidemiological insights, findings should be
interpreted cautiously due to the risk of misclassification bias and inconsistencies from
coding errors and variations in documentation practices across healthcare facilities. Given
these limitations, generalizing results from database studies requires careful consideration.
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This study, the largest to date, highlights the significant burden of IA in LFC patients,
who experience worse clinical outcomes, prolonged hospital stays, and higher healthcare
costs. Diagnosing invasive aspergillosis remains challenging due to lack of awareness, the
atypical presentation, and the limited sensitivity and specificity of diagnostic studies. A
comprehensive diagnostic approach integrating imaging, cultures, fungal biomarkers, and
molecular tools is crucial for early detection and timely intervention.

These findings underscore the urgent need for targeted interventions, interdisciplinary
collaboration, and cost-effective strategies to improve outcomes in this high-risk yet un-
derrecognized population. Strengthening diagnostic accuracy and optimizing treatment
approaches are essential to reducing both clinical and economic burdens.
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Abstract: Intra-abdominal candidiasis (IAC), with or without candidemia, is a common
condition in patients in intensive care units (ICUs). Early diagnosis of IAC remains a chal-
lenge for clinicians despite new biomarkers. Early and appropriate antifungal treatment,
which is associated with better clinical outcomes, is negatively affected by the increased
isolation of non-albicans Candida strains that are resistant to the commonly used azoles and
echinocandins. Based on the pharmacokinetic (PK) and pharmacodynamic (PD) properties
of the different treatment options, liposomal amphotericin B, rezafungin or high doses of
anidulafungin appear to be the most appropriate first-line options for complicated IAC
in ICUs.

Keywords: invasive candidiasis; antifungal treatment; diagnosis; outcome

1. Introduction

Intra-abdominal candidiasis (IAC), with or without associated candidemia, is caused
by overgrowth of Candida spp. in the abdominal cavity (see Table 1), and its incidence has
increased in recent decades. IAC mainly affects critically ill patients undergoing major
abdominal surgery, especially those with complex surgical cases or immunocompromised
individuals [1–5].

Despite advances in prevention strategies, diagnostic tools and therapeutic approaches,
IAC remains associated with high mortality rates, reaching up to 60% [6,7] This highlights
the critical need for ongoing evaluation and optimization of management strategies [1–5].

The aim of this review is to update key concepts related to the changing epidemiology
of IAC towards non-albicans Candida strains and the impact this situation may have on ap-
propriate antifungal treatment, as well as to update concepts on the impact of Candida spp.
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in the peritoneal cavity, the risk factors associated with its presence and the interactions
with bacteria leading to increased mortality. Finally, basic concepts of different antifungal
treatment strategies based on pharmacokinetic/pharmacodynamic (PK/PD) parameters
and antifungal susceptibility will be developed in order to develop an empirical treatment
algorithm adapted to clinical realities.

Table 1. Classification of intra-abdominal candidiasis (IAC) types (modified from reference [8]).

Primary Peritonitis

Peritoneal inflammation associated with the
isolation of Candida spp. in the absence of
gastrointestinal perforation or any other

visceral process that justifies it.

Secondary Peritonitis
Peritoneal infection by Candida spp. because of

a pathological process or gastrointestinal
perforation.

Intra-Abdominal Abscess of Gastrointestinal
Origin

Isolation of Candida spp. in a collection of
purulent material arising from

secondary peritonitis.

Secondary Peritonitis of Hepatobiliary or
Pancreatic Origin

Peritoneal infection by Candida spp. resulting
from a pathological process of the liver,

gallbladder, bile ducts or pancreas.

Intra-Abdominal Abscess of Hepatobiliary or
Pancreatic Origin

Abscess with isolation of Candida spp. resulting
from a pathological process of the liver,

gallbladder, bile ducts or pancreas. Infected
bilomas, pancreatic pseudocysts or other

(peri)pancreatic collections are also classified as
abscesses.

Infected Pancreatic Necrosis
Isolation of Candida spp. in non-viable

pancreatic tissue as a consequence
of pancreatitis.

Cholecystitis, Cholangitis Isolation of Candida spp. in material from the
gallbladder or biliary tract.

Recurrent IAC
Isolation of Candida spp. appearing after the
apparent resolution of clinical or radiological

findings of an initial infection.

Persistent IAC

Isolation of Candida spp. in a new
intra-abdominal sample 48 h after adequate
source control and appropriate antifungal

treatment.

2. Epidemiology

There are at least 15 different Candida species that cause human disease, but over
95% of invasive disease is caused by the 6 most common pathogens: Candida albicans,
Candida glabrata, Candida tropicalis, Candida parapsilosis, Candida krusei and, in some regions,
Candida auris. Severe infections due to these organisms are collectively referred to as
invasive candidiasis (IC) [8]. In recent decades, there has been a notable epidemiological
shift with an increase in non-albicans Candida species. This shift from C. albicans to non-
albicans species has significant clinical implications, particularly in terms of treatment
efficacy, patient survival and antifungal resistance. Non-albicans species such as C. glabrata,
C. krusei, C. tropicalis and C. auris often exhibit intrinsic or acquired resistance to typical
antifungal agents. C. glabrata and C. krusei often show reduced susceptibility to azoles
and require the use of echinocandins or higher doses of alternative agents, which may not
always be feasible in critically ill or renally compromised patients [9,10].
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Differences in virulence, tissue tropism and biofilm-forming ability among non-
albicans species complicate both diagnosis and eradication, leading to persistent or re-
current infections despite antifungal treatment [9–11]. Of particular note is a relatively
new species, Candida auris, which has become a global health concern. Since it was first
identified in Japan (2009), it has spread rapidly to more than 35 countries [12–14]. The
World Health Organization (WHO) has classified C. auris as a critical priority pathogen
on its fungal priority list. The significance of C. auris lies in its high resistance to an-
tifungal agents, which severely limits therapeutic options. In addition, the challenges
associated with its laboratory identification, combined with its ease of transmission, pro-
vide ideal conditions for epidemic outbreaks. Furthermore, C. auris can persist in the
environment for weeks, and the lack of effective decolonization methods makes controlling
its spread a major challenge [13,15]. This shift is also correlated with variable and increased
mortality rates of up to 40–60% [15]. Studies have shown that infections caused by non-
candida species, especially C. glabrata and C. auris, are associated with delays in appropriate
antifungal therapy, which is a critical factor, and higher 30-day mortality compared to
C. albicans [16,17].

The distribution of Candida species varies significantly between regions, with direct
implications for treatment strategies. In North America and Northern Europe, C. glabrata
is more prevalent and, as we mentioned before, has reduced susceptibility to fluconazole,
making echinocandins the preferred first-line therapy. In Spain, non-albicans Candida species
are increasingly implicated in candidemia. A multicenter study (CANDIMAD) [18] from
2020 to 2022 reported a rise in C. parapsilosis from 21.6% to 36.1%, alongside a decrease
in C. albicans. Notably, fluconazole-resistant C. parapsilosis strains, particularly the CP-451
genotype, have become endemic in several hospitals.

Latin America and parts of Asia report a higher prevalence of C. parapsilosis, which
tends to be more susceptible to azoles but has higher minimum inhibitory concentrations
(MICs) for echinocandins. Meanwhile, C. tropicalis is particularly common in Southeast
Asia and India, often associated with hematological malignancies and high virulence [19].

Regarding IAC, Dupont H et al. analyzed samples from patients with peritonitis
admitted to the ICU, of whom 30.6% had Candida spp. Peritonitis [20]. The most frequently
isolated species in these cases was C. albicans (74%), followed by C. glabrata (17%). Vergidis
P et al. [21] identified 163 IAC cases and 161 candidemias among more than 34,000 patients,
with a rate of 4.7 episodes per 1000 admissions. A multicenter study (EUCANDICU)
conducted in 23 ICUs across nine European countries analyzed 570 episodes of invasive
candidiasis (7 episodes per 1000 ICU admissions). Of these cases, 65% were candidemia,
29% were IAC and 5% were IAC in combination with candidemia. A noteworthy finding
of this study is that 43% of cases involved non-albicans Candida species, with an 8% rate of
co-infection by two species [2].

As is evident, the epidemiology of both candidemia and IAC has shifted towards
non-albicans Candida species. The reasons for this shift are thought to be linked to the
increasing use of azoles for “prophylactic” purposes, as well as the rise in gastrointestinal
pathology among older patients with more comorbidities. These findings should be
carefully considered when determining the empirical treatment for these patients. The
overall quality of the available evidence remains poor and uniform recommendations
cannot be made.

3. Risk Factors

As outlined in various publications by different authors, there are different risk factors
associated with the likelihood of invasive candidiasis [1–5,8]. There are those patient-
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related, treatment-related and procedural-related factors. Table 2 presents the most common
risk factors. Prior colonization, especially multifocal colonization, is a crucial factor that
should be assessed in critically ill patients, as it plays a key role in diagnosing or predicting
IAC using various scoring systems. Multifocal colonization should be actively sought
in all critical patients with an ICU stay of more than 7–10 days, especially if they have
risk factors.

Table 2. Risk factors for invasive candidiasis in non-neutropenic adult patients (references: [1–5,8]).

Adults

Patient-Dependent Treatment-Related Procedure-Related

Chronic renal failure Broad-spectrum antibiotics Abdominal surgery
Severe pancreatitis Antifungal prophylaxis Mechanical ventilation
High disease severity Corticosteroids Central venous catheter
Diabetes Parenteral nutrition
Multifocal colonization Hemodialysis
Intra-abdominal bacterial infection Prolonged ICU stay

Another important factor is prior antibiotic treatment, which is considered a significant
risk factor for IAC in nearly all studies. It is important to note that approximately 60%
of ICU patients receive antibiotic treatment for various reasons [22], which significantly
increases the number of patients at potential risk for IAC. Restrictive policies on the use of
antimicrobials and a reduction in the duration of treatments are measures that could be
taken to reduce the risk of IAC.

Finally, the widespread overuse of fluconazole for preventive or prophylactic purposes
exerts selective pressure not only on Candida spp. but also markedly contributes to their
resistance to azoles.

Research has identified comparable risk factors for IAC. Bassetti et al. published a
study on predictive factors for IAC in ICU patients, using a logistic regression analysis from
the EUCANDICU study [23]. The authors observed that recurrent gastrointestinal perfora-
tion (OR = 13.9, 95% CI 2.6–72.8), anastomotic leakage (OR = 6.6, 95% CI 1.9–21.9), intra-
abdominal drains (OR = 6.5, 95% CI 1.7–25.0), receiving antifungal treatment (OR = 4.2, 95%
CI 1.04–17.4) or antibiotic treatment for more than seven days (OR = 3.7, 95% CI 1.3–10.5)
were independent predictors. As Bassetti et al. highlighted in another multicenter study
involving more than 300 cases of candidemia, intra-abdominal infection increases the risk
of developing shock (OR = 2.18, 95% CI 1.04–4.55) [24]. Dupont H et al. used a multivariate
model to assess whether the presence of Candida spp. could be predicted in critically ill
patients with peritonitis. The authors found that a high gastrointestinal origin (above the
Treitz ligament) increased the risk of Candida isolation by 2.4 times (OR = 2.38), as did
antibiotic administration (OR = 2.25) and the presence of shock (OR = 2.45) [20].

As antibiotic treatment is mandatory in patients with peritonitis, it remains a non-
modifiable risk factor. However, it should be specifically considered when deciding whether
to initiate antifungal therapy. Furthermore, as will be discussed later, in more than 40%
of cases, bacterial and fungal infections coexist, and this association appears to have a
significant impact on patient mortality [25,26].

Interactions between C. albicans and gut bacteria can be either antagonistic or synergis-
tic. Species like Pseudomonas aeruginosa, Salmonella spp. and Lactobacillus exert inhibitory
effects on C. albicans. Understanding these dynamics is crucial for developing targeted
probiotic or microbiota-modulating therapies to prevent overgrowth and invasive intesti-
nal candidiasis [27]. There are still many aspects of the pathogenesis of IAC that are not
fully understood. One area of increasing interest is the role of gut enterotypes and pa-
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tient response. These enterotypes are largely influenced by the host’s diet and shape the
metabolic landscape of the gut microbiota. Enterotype I bacteria derive their energy mainly
from carbohydrates through glycolysis and the pentose phosphate pathway. In contrast,
enterotypes II and III harbor microbial populations capable of degrading glycoproteins
present on the mucosal surface. This activity can weaken the epithelial barrier, promote
immune evasion and create a microenvironment conducive to fungal colonization and
overgrowth. Specifically, this alteration may predispose to the invasion of Candida spp.
and contribute to the initiation or progression and lack of resolution of intra-abdominal
infections [28]

4. Diagnosis

The isolation of Candida spp. in blood (candidemia) or other sterile body fluids is
a clear criterion for infection. However, the diagnostic significance of its isolation in
respiratory samples (which has no significance except in immunocompromised patients)
or in samples obtained by puncture/surgery (especially those obtained from abdominal
drains, which are potentially contaminated) remains a subject of controversy.

The initial diagnostic approach involves the identification of patients with the previ-
ously mentioned risk factors. Secondly, it is essential to obtain intra- or perioperative sam-
ples (fluid or tissue), as well as any other clinically relevant samples. Surveillance cultures
also play an important role in diagnosis by demonstrating multiple colonization (Table 3).
Additionally, predictive scores (see Table 4) can be applied to patients with more than
two weeks of ICU stay, allowing us to assess the risk probability of invasive candidiasis.

Thirdly, the serological determinations of different biomarkers are also considered,
although these are not available in many centers and their diagnostic capacity is still
under discussion.

The gold standard for diagnosing invasive candidiasis is blood culture, although
this method has significant limitations. Its sensitivity ranges from 50% to 75%, and the
time required from sample collection to fungal identification is at least 48–72 h. This is
particularly problematic because yeast replication is often slower than bacterial replication,
leading to delayed blood culture positivity. Once a blood culture has returned a positive
result, further identification is required [29,30].

Table 3. Different diagnostic techniques for invasive candidiasis.

Methods Comments Performance Key Points

Detection of mannan antigen
(M-Ag) and anti-mannan

antibody (M-Ac)

Combined detection of antigen
and antibody is recommended for

all patients suspected
of invasive candidiasis.

Se: 80–90%
Sp: 85–90%

PNV: 85–95%
PPV: 70–85%

[31]

Sensitivity varies depending on
Candida species (e.g., lower for C.
krusei or C. parapsilosis); limited

utility in neutropenic patients or
those with

strong immunosuppression.

Detection and quantification of
anti-mycelial or anti-germ tube

antibodies (CAGTAs)

When antibody titers exceed 1:160.
Additionally, it may help

distinguish between transient or
catheter-related candidemia
(CAGTA–) and deep-seated

infection-associated
candidemia (CAGTA+).

Se: 85%
Sp: 95%

PPV: 72–89%
NPV: 92–97%

[32]

A negative CAGTA result has a
high NPV, meaning it is especially

useful to rule out invasive
candidiasis in high-risk patients.

Determination of 1,3-ß-D-glucan

1,3-ß-D-glucan is a fungal cell
wall component released during

infection. It is a non-specific
biomarker and does not identify

the causative species.

Se: 70–90%
Sp: 75–95%

PPV: 50–80% (depends on pre-test
probability).

NPV: 95–100% in
high-risk populations

[33]

A negative BDG test is
particularly valuable for ruling
out invasive candidiasis (high
NPV), especially in ICU and

immunocompromised patients. It
is valuable for discontinuing

antifungal treatment.
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Table 3. Cont.

Methods Comments Performance Key Points

In situ hybridization PNA-FISH
Yeast Traffic Light

Uses species-specific peptide
nucleic acid (PNA) probes that
hybridize in situ with the target
DNA of various Candida species,

producing fluorescence in
different colors. It also allows the

identification of
fluconazole-sensitive species,

facilitating treatment adjustments
and potential de-escalation.

Se: 92–100%
Sp: 95–100%.
PPV: >98%
NPV: >98%

[34]

Especially valuable where C.
glabrata (often

fluconazole-resistant) must be
differentiated from

C. albicans early.
Rapid technique.

Mass spectrometry with soft
ionization (MALDI-TOF)

This technique is performed on a
positive blood culture. It identifies

bacteria and fungi through
proteomic analysis, allowing

accurate identification of fungal
isolates in solid culture media in

less than 30 min.

Se: 95–100%
Sp: 98%

PPV: 95%
NPV 95%

[35]

Highly useful for early targeted
therapy when paired with

automated blood culture systems.

Detection of nucleic acids via
polymerase chain reaction (PCR)

This technique enables the
detection of bacterial DNA and

certain Candida species in blood or
sterile fluids using real-time

multiplex PCR or microarrays.
The limitation is that it requires a

positive blood culture, but it
allows rapid detection (1 h).

Se: 80–95%
Sp: 90–98%

PPV: up to 90%
NPV: 95%

[33]

Early and direct detection of
Candida DNA from blood or

sterile fluids, often before cultures
become positive.

Particularly useful in high-risk
populations (e.g., ICU,

neutropenia and post-surgery).
False positives may occur due to

detection of colonization or
non-viable DNA.

T2 Rm (Candida panel)
This technique detects Candida
spp. using magnetic resonance

within 3–5 h.

Se: 91–95%
Sp: 98–99%

PPV: 70–80%%
NPV: >99%

[36]

Allows species-level diagnosis
within hours—much faster than

cultures (48–72 h).
Useful in patients with suspected
candidemia, but negative cultures
can reduce empirical antifungal

use and improve targeted therapy.
Unfortunately, this device has

been withdrawn from the market
in Europe.

Sensitivity (Se); Specificity (Sp); Positive predictive value (PPV); Negative predictive value (NPV).

4.1. Biomarkers for Diagnosing Invasive Candidiasis

León C et al. evaluated the usefulness of different biomarkers in critically ill pa-
tients with intra-abdominal pathology, both individually and in combination. The study’s
key findings included the positive results for 1,3-ß-D-glucan (BDG) and anti-mycelial
or anti-germ tube antibodies (CAGTAs) in a single sample, or at least one of them in
two consecutive samples, which was identified as the most effective strategy for diagnos-
ing invasive candidiasis (IC). In contrast, the individual or combined positivity of C-PCR,
mannan antigen (M-Ag) and anti-mannan antibody (M-Ac) was found to have minimal
value in distinguishing IC from colonization. The authors concluded that BDG is the most
suitable biomarker for diagnosing IC in critically ill patients with acute abdominal complica-
tions. Its diagnostic performance is enhanced when combined with CAGTAs [37]. However,
it should be noted that other studies have not consistently replicated these findings.

Macrophage-derived CD36+ exosomes have emerged as promising non-invasive
biomarkers for Candida albicans infection, showing specificity and elevated levels during
fungal exposure. Their unique immunomodulatory content and detectability in biological
fluids suggest diagnostic potential for early infection detection and monitoring, surpassing
the limitations of conventional diagnostic methods [38].
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In our opinion, and in agreement with the majority of researchers, BDG is the
biomarker that should be requested in clinical practice, when available, in patients at
high risk of invasive candidiasis. Although antifungal treatment should be initiated em-
pirically and early in critically ill and unstable patients with risk factors for candidemia,
without waiting for biomarker results, the determination of BDG may contribute to the
diagnosis and possibly to the continuation or withdrawal of treatment, given its high
negative predictive value.

4.2. Predictive Scores for Invasive Candidiasis

Several researchers have attempted to develop the most effective predictive scores
to assess the risk of invasive candidiasis in patients with risk factors. Table 4 provides a
comprehensive overview of the main predictive scores, their characteristics and limitations.
One of the earliest predictive scales was the Pittet colonization index [39], which was
designed for surgical patients. While it is a useful tool, it requires quantitative cultures,
which can put a strain on microbiology services. This study demonstrated that a corrected
colonization index greater than 0.4 had up to a 100% positive and negative predictive value.
León C et al. conducted a prospective study involving 1720 critically ill patients with an
ICU stay of over 7 days, leading to the development of the “Candida score” or “Sevilla
Score”. A score greater than 2.5 was able to predict Candida infection with 81% sensitivity
and 74% specificity [40]. This score was validated in a subsequent prospective study of
1107 critically ill, non-neutropenic patients, confirming that a Candida score ≥3 was useful
for distinguishing infection. Its diagnostic accuracy was superior to the Pittet colonization
index. It is important to highlight that prior colonization by Candida spp. is a mandatory
criterion for a Candida score > 3 [41].

Table 4. Predictive scales for invasive candidiasis used in clinical practice.

Scale Variables Cutoff Point Sensitivity/Specificity Comments

Pittet Colonization
Index [39]

Ratio of the number of
colonized sites to the
number of cultured sites

≥0.5 100%/69%

In surgical patients, it
requires quantitative
cultures from all sites,
which increases cost and
microbiology
processing time.

Corrected Pittet
Colonization Index [39]

Ratio of the number of
sites with high
colonization (>105 CFU) to
the number of
cultured sites

≥0.4 100%/100% Similar to the
previous index.

Candida Score [40]

Multifocal colonization
(1 point)
Abdominal surgery
(1 point)
Parenteral nutrition
(1 point)
Severe sepsis—shock
(2 points)

≥3 77%/66%

More practical for ICU
patients with >7 days of
stay. Note that with the
cutoff point of 3,
multifocal colonization
is mandatory.

Nebraska Rule [42]

Stay > 4 days in ICU +

• Broad-spectrum
antibiotics

• Presence of CVC
• Abdominal surgery
• Steroid treatment
• Parenteral nutrition
• Average stay before

ICU

2.45 84%/60%

More complex to
implement as it requires
performing a regression
calculation with
coefficients of the different
risk factors.
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As discussed later, different authors have implemented these scales to enable early
treatment, observing a decrease in the incidence of invasive candidiasis, though often not
significant, with no impact on mortality. In our opinion, patients with a prolonged stay
in the ICU, risk factors and a Candida score > 3 should be considered highly suspicious
for invasive candidiasis (provided there is multifocal colonization) and should be started
on antifungal treatment early. However, other circumstances that may increase the risk of
fungal infection should be considered. In particular, patients with decompensated cirrhosis,
hepatitis and those who have undergone liver transplantation are at high risk of developing
Candida infections. Many factors, such as host immune dysfunction, blood–brain barrier
dysfunction, malnutrition and microbiome alterations, contribute to this increased risk of
developing fungal infections.

In these patients with a high pretest probability of invasive candidiasis, and where
available, it would be appropriate to use molecular diagnostic techniques or biomarker
determination (BDG) to refine the diagnosis and avoid overuse of antifungals.

5. Mortality

The mortality rate for invasive candidiasis is high, ranging from 40% to 60% according
to various authors [1–5,8,43]. The mortality rate for transient candidemia (e.g., secondary
to catheter use) is significantly lower than that for candidemia caused by a deep focus
(e.g., endocarditis and intra-abdominal infections). Researchers have explored the impact
of early antifungal treatment (see below) and have not observed a favorable effect on
mortality in patients with invasive candidiasis. It is crucial to consider three key factors in
the pathogenesis of this condition to understand its high mortality.

Firstly, a high fungal load may be a result of broad-spectrum antibiotic use, especially
anti-anaerobic antimicrobials. This elevated load or colonization facilitates the translocation
of the yeast from the gastrointestinal tract in patients who commonly suffer from prolonged
ileus and severe intestinal microcirculation alterations.

Secondly, the disruption of the integrity of both the cutaneous–mucosal bar-
rier (candidemia) and the gastrointestinal tract (IAC) must be considered, whether
due to spontaneous perforations or prolonged use of drains or chronic inflammatory
processes (e.g., pancreatitis).

Finally, the third element is the dysfunction of immunity that every critically ill,
non-neutropenic patient experiences, leading to dissemination to deep tissues [44]. In
this context, it is important to note that tertiary peritonitis has a poor prognosis beyond
treatment due to immune dysfunction in the peritoneum, which hinders the resolution of
the infectious process.

Despite acknowledging these factors, the positive impact of appropriate antifungal
treatment is indisputable. In the initial study by Morrel L et al., early treatment (within
12 h) was associated with a significant reduction in mortality (12%) compared to late
treatment (>12 h), which had a 30% mortality rate in patients with candidemia [44]. This
finding has been replicated by other researchers [45,46]. In their multivariate analysis,
Morrel L. et al. [36] found that treatment delay was associated with twice the risk of death
(OR = 2.06). In the same study, prior antibiotic administration was found to be associated
with a higher mortality (OR = 4.06). Garey K et al. [40] found that fluconazole treatment in
patients with candidemia was associated with lower mortality (15%) when administered
on day 1 (mortality 23%), day 2 (mortality 37%) or day 3 (mortality 42%) after blood culture.
These authors reported a 1.5 higher risk of mortality (OR = 1.52) for each day of treatment
delay [46]. Finally, Zilberberg MD et al. reported a higher mortality rate (28.9%, p = 0.056)
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in patients with candidemia who received inappropriate treatment. It is noteworthy that in
this study mortality was 0% in patients with appropriate treatment [47].

In an observational, prospective, multicenter study in critically ill patients with
community-acquired intra-abdominal infection, the isolation of Candida spp. in peritoneal
samples was closely associated with mortality [48]. Despite the introduction of new an-
tifungals, such as echinocandins in the early 2000s, mortality in IAC remains above 50%.
The shift in IAC etiology towards non-albicans species is partly responsible for this high
mortality, along with increased empirical inappropriate treatment due to high resistance to
commonly used antifungals. Of particular concern is the emergence of C. auris, the first
fungal pathogen classified by the Centers for Disease Control and Prevention (CDC) as an
urgent public health threat due to its association with extremely high mortality rates and
the potential to develop resistance to all current antifungals.

Shorr A et al. [49] and Vardakas KZ et al. [50] conducted two meta-analyses of ran-
domized clinical trials assessing prophylaxis with azoles in surgical ICU patients. These
analyses concluded that there was a reduction in the incidence of fungal infections, al-
though there was no impact on mortality. Conversely, a meta-analysis encompassing 12
studies conducted on non-neutropenic, critically ill patients determined that azole pro-
phylaxis led to a reduction in mortality (RR, 0.76; 95% CI, 0.59–0.97) and the incidence of
invasive fungal infection (RR, 0.46; 95% CI, 0.31–0.68) [49,50].

At this stage in the review, we may feel uncertain, given the observed association
between the administration of antibiotics and the presence of Candida spp., as well as the
previously documented link between prior antibiotic use and higher mortality, particularly
in cases of IAC. Consequently, the question arises as to whether it is advisable to administer
antibiotics to patients with peritonitis. The answer is clear: in peritonitis, antibiotics should
be administered, but we must bear in mind that this creates a predisposing condition for
an added or coexisting fungal infection. Consequently, we will undertake an active search
for fungal infection in these patients, utilizing the available resources to initiate treatment
promptly. However, we must also consider that a strategy of generalized early treatment
can lead to the excessive use of antifungal medication and a possible increase in resistance
to azoles or to infections caused by non-albicans species.

6. Treatment

The management of complicated intra-abdominal infection is a complex scenario
where other conditions, beyond antifungal treatment, play a significant role. The patient’s
specific conditions, as well as early and proper control of the source of infection, are key
factors in determining the outcome for these patients. Once the source of infection has been
addressed, the role of antifungal therapy becomes crucial.

Several authors have used different definitions for treatments related to possible or
probable Candida spp. infection in their studies. This variability complicates compar-
isons and limits the strength of conclusions. Therefore, in this review, we will apply the
definitions presented in the 2019 guidelines of the European Society of Intensive Care
Medicine/European Society of Infections working group [51]:

(1) “Prophylaxis” is antifungal treatment given without clear evidence of infection to
critically ill patients at high risk of invasive candidiasis due to intrinsic factors (e.g.,
immunosuppression) or hospitalization-related factors (e.g., septic shock, abdominal
surgery, prolonged ICU stay or broad-spectrum antibiotics);

(2) “Pre-emptive therapy” is antifungal treatment of critically ill patients at high risk of
invasive candidiasis guided by fungal biomarkers or risk assessment scores associated
with multifocal colonization;
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(3) “Empirical therapy” is antifungal treatment of critically ill patients with signs and
symptoms of infection (e.g., persistent fever of unknown origin) who have specific
risk factors for invasive candidiasis, regardless of biomarker results;

(4) “Targeted therapy” is antifungal treatment based on microbiological findings confirm-
ing the presence of Candida spp. and its susceptibility to different antifungal agents.

To ensure optimal treatment efficacy and minimize the risk of re-resistance, it is
essential that the antifungal agent reach adequate concentrations at the site of infection,
which in this case could be intraperitoneal. It is important to emphasize that there is limited
and often conflicting information on intra-abdominal antifungal concentrations in critically
ill patients with peritonitis [52]. It is important to recognize the limitations of extrapolating
data from blood concentrations to intraperitoneal levels. The central compartment, which
includes the bloodstream, provides a convenient method for monitoring drug levels and
assessing pharmacokinetic/pharmacodynamic (PK/PD) behavior to optimize drug efficacy.

However, it is well established that patients in critical condition exhibit significant
variability in drug PK behavior due to several factors. These include a marked increase
in drug distribution volume and elevated renal clearance, particularly during the initial
phases of critical illness [53]. These PK alterations primarily impact hydrophilic drugs, such
as echinocandins, which are the first-line treatment recommended by various international
guidelines. If the dosage of these drugs is not properly adjusted, often requiring dose
escalation or loading doses, the resulting drug concentrations may fall below the levels
needed to act against pathogens with reduced susceptibility, thus promoting the emergence
of so-called “resistant mutants” [54]. In cases of intra-abdominal infections, the diffusion
of drugs into the peritoneal cavity is further hindered by poor penetration, as well as the
presence of surgical drains (often high-output or frequently flushed). Additional factors
that can impact the ability to achieve adequate drug concentrations include high body
weight (over 100 kg), low albumin levels common among critically ill patients and the
frequent use of intermittent or continuous renal replacement therapies [55].

It is essential to consider all these factors when selecting the most appropriate antifun-
gal treatment for each patient’s specific condition.

Three classes of drugs (azoles, echinocandins and polyenes) make up the available
therapeutic arsenal for treating candidiasis and IAC. As previously mentioned, Candida
albicans remains the most frequently isolated species. However, the frequent presence of
non-albicans species and the emergence of resistance to azoles and echinocandins make
empirical treatment a significant challenge that must be addressed on a daily basis (see
Table 5).

Table 5. In vitro susceptibility of available antifungals (++: adequate effect; -/+: possible
resistance; --: resistance; L-AMB: liposomal amphotericin B).

Fungal Species L-AMB Fluconazole Voriconazole Isavuconazole Echinocandins

Candida albicans ++ ++ ++ ++ ++
Candida
parapsilosis ++ ++ ++ ++ +

Candida tropicalis ++ ++ ++ ++ ++
Candida glabrata ++ -/+ -/+ -/+ -/+
Candida krusei ++ -- -- -- ++
Candida auris + -- -- ++ +

6.1. Azoles

Azoles are a class of antifungal agents that disrupt ergosterol biosynthesis in the fungal
membrane by inhibiting 14-α-sterol demethylase, a microsomal cytochrome (CYP). These
compounds are categorized into two main groups: imidazoles (e.g., clotrimazole, micona-
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zole and ketoconazole) and triazoles (e.g., fluconazole, voriconazole and isavuconazole).
Systemic triazoles are metabolized more slowly and have fewer effects on human sterol
synthesis compared to imidazoles. All azoles undergo hepatic metabolism through differ-
ent cytochrome P450 (CYP) enzymes, albeit with varying intensities, leading to numerous
drug interactions that must be carefully considered.

6.1.1. Fluconazole

The primary mechanism of action of fluconazole consists of the inhibition of fungal
cytochrome P-450 by blocking 14-alpha-lanosterol demethylation, a key step in the biosyn-
thesis of fungal ergosterol, and a moderate inhibitor of CYP3A4. A direct relationship
has been observed between the dose, the MIC (minimum inhibitory concentration) and
clinical efficacy.

In addition to multiple observed drug interactions, there is a risk of increasing plasma
concentrations of other compounds metabolized by CYP2C9, CYP2C19 and CYP3A4
when co-administered with fluconazole (such as anticoagulants, antidepressants, ben-
zodiazepines, carbamazepine, calcium channel blockers, fentanyl, sirolimus, tacrolimus,
losartan, phenytoin, prednisone, etc.). Due to its long half-life, fluconazole continues to
inhibit enzymes for four to five days after discontinuation [56]. Fluconazole can be admin-
istered orally (with good bioavailability, though not widely recommended in critically ill
patients) or intravenously. It is important to note that food intake does not affect oral ab-
sorption. Peak plasma concentrations (Cmax) are reached between 0.5 and 1.5 h post-dose
and are proportional to the administered dose. Steady-state levels are achieved within 4 to
5 days after multiple once-daily doses. A loading dose of 200 mg on day 1, which is twice
the usual daily dose, increases plasma levels to 90% of steady-state concentrations by day 2,
making this a recommended strategy for critically ill patients. The volume of distribution
(VD) is 40 L, with low protein binding (10%). This means that while a large proportion
of the drug remains free to exert its action, its renal elimination is significantly increased
in hyper-filtering patients or those undergoing renal replacement therapies, requiring
reconsideration of its use in such patients. Fluconazole distributes widely, achieving high
concentrations in cerebrospinal fluid (CSF), the lungs, skin, the cornea and urine. The
recommended loading dose is 800 mg (400 mg every 12 h) on the first day, followed by
400 mg/day. Maintenance doses may vary depending on patient conditions [56,57].

6.1.2. Voriconazole

The primary mechanism of action of voriconazole is the inhibition of 14-alpha-
lanosterol demethylation, which is mediated by fungal cytochrome P-450. This is a key
step in the process of fungal ergosterol biosynthesis. The accumulation of 14-alpha-methyl
sterols is associated with the subsequent loss of ergosterol in the fungal cell membrane [58].
Voriconazole can be administered orally (though rarely in critically ill patients) or intra-
venously. Its pharmacokinetics are non-linear due to metabolic saturation, meaning that a
disproportionate rise in plasma concentrations is seen with increases in dose. Administer-
ing a loading dose helps to achieve plasma concentrations close to the steady state within
the first 24 h, making this a particularly important strategy for critically ill patients. The
oral bioavailability of voriconazole is 96%; however, it is influenced by CYP3A4 activity
and a transporter protein, as well as by high-fat meals, which reduce Cmax and AUC
(area under the curve). Voriconazole distributes widely, with a volume of distribution
of 4.6 L/kg. Voriconazole has a plasma protein binding of 58%, and it reaches effective
concentrations in the CSF, lungs, brain, liver, kidneys and spleen. As previously mentioned,
voriconazole is metabolized by, and also inhibits, cytochrome P450 enzymes CYP2C19,
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CYP2C9 and CYP3A4. The presence of inhibitors or inducers of these isoenzymes can result
in alterations to voriconazole plasma concentrations. Voriconazole can also increase plasma
concentrations of substances metabolized through these CYP450 enzymes, particularly
those processed by CYP3A4, as it is a potent inhibitor of this enzyme.

This means that voriconazole exhibits significant interindividual variability, requiring
plasma drug level monitoring to ensure therapeutic effectiveness. Genetic polymorphisms
in CYP enzymes (such as those found in 15–20% of the Asian population) slow drug
elimination, increasing the risk of toxicity. While these polymorphisms are less prevalent
in Caucasian populations (with a frequency of less than 5%), some patients exhibit rapid
metabolization, which can complicate the achievement of adequate drug levels [57].

6.1.3. Isavuconazole

Isavuconazole is a fungicide that exerts its effects by blocking ergosterol synthesis,
a key component of the fungal cell membrane. This is achieved through the inhibition
of cytochrome P450-dependent lanosterol 14-alpha-demethylase. This results in an accu-
mulation of methylated sterol precursors and a reduction in ergosterol within the fungal
membrane, weakening its structure and function.

Isavuconazole is administered as a prodrug that is rapidly hydrolyzed in plasma to
its active form. It can be administered orally (with high bioavailability but rarely used in
critically ill patients) or intravenously. Its pharmacokinetics are linear, with Cmax and AUC
values proportional to the administered dose, and drug accumulation occurs with multiple
dosing. Isavuconazole distributes extensively, with a high VD (>400 L). It has strong protein
binding (>99%) and achieves adequate concentrations in CSF, the lungs, ascitic fluid and
the eye. The drug is metabolized in the liver via CYP3A4, CYP3A5 and uridine diphosphate
glucuronosyltransferase (UGT). While it interacts with various drugs, isavuconazole has
a better safety profile than voriconazole. The drug is slowly eliminated from the body,
with a half-life of 84–117 h, likely due to its high protein binding and large distribution
volume. Reduced susceptibility to triazole antifungals has been associated with mutations
in the fungal CYP51A and CYP51B genes, which encode the 14-alpha-demethylase enzyme
involved in ergosterol biosynthesis.

Fungal strains with in vitro susceptibility to isavuconazole have been reported, but
cross-resistance with voriconazole and other triazole antifungals cannot be ruled out. The
recommended regimen for isavuconazole is a loading dose of 200 mg every 8 h for the
first 48 h (total of 6 doses), followed by a maintenance dose of 200 mg once daily, starting
12–24 h after the last loading dose. As isavuconazole does not require therapeutic drug
monitoring, it is considered the most appropriate option for critically ill patients [57,59].

6.2. Echinocandins
6.2.1. Anidulafungin

Anidulafungin is a semi-synthetic echinocandin, a lipopeptide derived from a fermen-
tation product of Aspergillus nidulans that is administered intravenously. It selectively
inhibits 1,3-β-D-glucan synthase, preventing the formation of 1,3-β-D-glucan, an essential
component of the fungal cell wall [60]. A very low interindividual variability in systemic
exposure has been observed, and a steady state is reached the day after the loading dose is
administered. The half-life is 24 h, with a volume of distribution (Vd) of 30–50 L. Anidula-
fungin extensively binds (>99%) to human plasma proteins. While it distributes well in
the lungs, no data are available on its penetration into the cerebrospinal fluid (CSF). Its
antifungal action is concentration-dependent, meaning it is associated with AUC/MIC
and Cmax/MIC targets, making it crucial to ensure an adequate dose. The standard dose
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has been associated with a lower AUC0-24 in critically ill patients compared to healthy
volunteers. Due to its extensive protein binding, only the free fraction is considered capable
of diffusing into the peritoneum, potentially compromising its efficacy. While different
studies suggest that peritoneal concentrations would meet the classical efficacy targets
defined by an AUC/MIC of 3000 for all Candida species, a recent study by Gioia F et al. [60]
showed that the AUC/3000 results in serum were 0.042, 0.032 and 0.022 for anidulafungin,
micafungin and caspofungin, respectively. These levels would be adequate for the treat-
ment of C. albicans (0.03 mg/L) but suboptimal for C. glabrata, C. krusei and C. tropicalis
(0.06 mg/L), potentially creating an environment conducive to resistance development.

It has been hypothesized by several authors that IAC may act as a hidden reservoir
for echinocandin-resistant C. glabrata species. C. glabrata, which is increasingly present
in IAC, exhibits a significant and varied adaptive response to its environment, linked to
intrinsic mutations in FKS genes, which encode β-1,3-D-glucan synthase. These mutations
result in an increased chitin content in the cell wall and paradoxical growth when high
doses of echinocandins are administered. Finally, concentrations <2 mg/L lead to the
selection of resistant mutants, which emerged rapidly (<48 h) in laboratory studies at
different echinocandin concentrations. Metabolism occurs in the plasma, with no evidence
of hepatic metabolism, making anidulafungin a drug with few interactions. It undergoes
slow chemical degradation at physiological temperature and pH, resulting in an open-ring
peptide that lacks antifungal activity. Renal elimination is minimal (<10%). A single 200 mg
loading dose should be administered on day 1, followed by a daily maintenance dose of
100 mg [57,60–62].

6.2.2. Rezafungin

Rezafungin is a novel echinocandin that selectively inhibits fungal 1,3-β-D-glucan
synthase with inhibition of fungal cell wall synthesis, resulting in rapid and concentration-
dependent fungicidal activity in Candida species. It has state-of-the-art pharmacokinetics
with remarkable stability, high solubility and an exceptionally long half-life, allowing
early exposure to high drug levels. It can therefore be administered intravenously once a
week, with a loading dose of 400 mg on day 1, followed by 200 mg on day 8 and once a
week thereafter [63]. The pharmacokinetic results in the single ascending dose study were
consistent with the post-first-dose pharmacokinetic results in the multiple ascending dose
study for each dose cohort. At all doses investigated in the single ascending dose study,
mean maximum plasma concentration (Cmax) values ranged from 2.76 to 22.7 g/mL, and
the values corresponding to the mean area under the concentration–time curve from time
zero to 168 h (AUC0-168) ranged from 145 to 1160 g-h/mL. Both Cmax and AUC increased
in a dose-proportional manner, and mean half-life (t1/2) values of 80 h were observed
during the first week (up to day 7) of plasma sampling (a longer terminal t1/2 of 125 to
146 h was calculated by incorporating data from later sampling times [days 14 and 21]) [64].

Rezafungin is rapidly distributed with a volume of distribution similar to that of
body water (≈40 L) and binds to 97% of plasma proteins. Like the other echinocandins,
it is not affected by intermittent/continuous renal replacement techniques. Furthermore,
it undergoes little or no biotransformation and is mainly excreted in the feces, with less
than 1% of the drug being excreted in the urine, with an average plasma half-life of 127
to 146 h [65].

Rezafungin has a broad spectrum of activity against Candida and Aspergillus species, in-
cluding Candida auris and subsets of fungal strains resistant to other antifungals (echinocan-
dins and azoles), and has demonstrated therapeutic and prophylactic efficacy in animal
models of candidiasis, aspergillosis and Pneumocystis pneumonia. Rezafungin has demon-
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strated safety and tolerability comparable to current echinocandins. In addition, rezafungin
has demonstrated chemical and metabolic stability and non-hepatotoxicity compared to
anidulafungin [61–63], with increased biofilm activity.

In phase III trials, rezafungin has demonstrated non-inferiority to caspofungin for the
treatment of invasive candidiasis (ReSTORE trial) [66]. In addition to its weekly dosing,
rezafungin offers other potential pharmacokinetic and pharmacodynamic advantages,
such as excellent penetration into anatomically challenging sites, such as intra-abdominal
collections, and a potentially lower risk of promoting local resistance. This positions it as a
promising option for deep infections, particularly intra-abdominal infections, justifying its
commercialization and inclusion as a first-line agent in recent guidelines for the treatment
of candidiasis [67].

6.3. Polyenes
Amphotericin B (AMB)

Liposomal amphotericin B (L-AMB) is a heptane-derived macrolide that contains
seven conjugated trans double bonds and 3-amino-3-6-dideoxy-mannose (mycosamine)
linked to the main ring via a glycosidic bond. The amphoteric behavior that gives the drug
its name is due to the presence of a carboxyl group on the main ring and a primary amino
group on mycosamine, which confer aqueous solubility at pH extremes. Its effectiveness as
a fungicide or fungistatic depends on the achieved concentration and the specific fungal
species. Its mechanism of action involves binding to ergosterol in the fungal membrane,
leading to membrane disruption and increased permeability. Its antifungal activity is
concentration-dependent, meaning it is related to the plasma concentration (Cmax) over
the minimum inhibitory concentration (MIC), demonstrating a prolonged post-antifungal
effect [68,69].

L-AMB achieves higher plasma concentrations (Cmax) than AMB and has a longer
exposure time (AUC0-24). Following administration, L-AMB reaches the steady state
rapidly, generally within the first four days of the same dose. A key feature of L-AMB is
its action against biofilm formation, which is directly implicated in IAC [68,70,71]. The
pharmacokinetics of L-AMB are largely dependent on the composition and size of the
liposomal or lipid complex particles. Large structures, such as the lipid complex (Abelcet),
are rapidly absorbed by the mononuclear phagocyte system, whereas smaller liposomes
remain in the circulation for extended periods.

The main limitations to the use of AMB are nephrotoxicity and hepatotoxicity. How-
ever, AMB has been withdrawn from the market in many European countries, and lipid
formulations, especially liposomal (L-AMB), are the most widely used. AMB molecules are
stabilized by phospholipids and cholesterol within the liposomal bilayer, which reduces
toxicity to animal cells. The small size of the liposomal particles (100 nm or less) ensures
that drug levels remain high in the bloodstream, reducing distribution to organs, including
the kidneys, and contributing to improved safety and reduced nephrotoxicity [62–65].
Studies by our group with real-world data have confirmed the adequate safety profile of
L-AMB in critically ill patients [72].

The enhanced vascular permeability in critically ill patients has been shown to increase
the transfer of L-AMB from the circulation to the lesions, thereby boosting its antifungal
activity. In plasma, AMB remains associated with liposomes (97% at 4 h, 55% at 168 h)
after L-AMB administration. It is assumed that L-AMB does not directly bind to target
cells but instead facilitates AMB transfer from the liposomal membrane to the fungal cell
membrane, which is critical for antifungal activity. The usual dose is 3–5 mg/kg/day,
achieving adequate concentrations in the lungs, ascitic fluid and muscle tissue. While the
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drug does not penetrate the blood–brain barrier (BBB) efficiently, it is indicated for use in
cases of inflammation, potentially in combination with other antifungals. Finally, due to its
pharmacokinetics, plasma level monitoring is not required, as its efficacy does not correlate
with observed blood levels [68–71].

7. Antifungal Therapeutic Drug Monitoring (TDM) Requirements

The importance of therapeutic drug monitoring (TDM) of antifungal agents in a variety
of clinical settings is increasingly being recognized. However, there are no definitive data
from large-scale clinical trials to support its use in all clinical settings (and there probably
never will be). Most of the evidence supporting TDM is circumstantial. In addition,
antifungal TDM can be costly and time-consuming, and its ultimate impact on clinical care
may be difficult to estimate. Therefore, there is a broad consensus that TDM should not
be used routinely (as is the case for some antimicrobials, such as aminoglycosides) but
more selectively.

Beyond its indication, TDM is not available in most hospitals. Furthermore, TDM
needs to have an adequate response time for results if treatment is to be adjusted early.
Finally, most authors indicate that TDM should be determined when the antifungal is in
the stable phase, which is achieved between 3 and 5 days. Detection of suboptimal levels
after 72–96 h may not be useful in critically ill patients [73–75].

At this time, there is no evidence or indication to support the routine use of TDM for
L-AMB, echinocandins, fluconazole and isavuconazole. Meanwhile, most authors assume
that TDM is necessary for voriconazole [73–77]. However, some considerations must be
taken into account.

For L-AMB, the structure of the liposomes deserves special attention. As with other
liposomal formulations, drugs sequestered within this particle cannot reach diffusion
equilibrium with the extravascular compartment. In addition, amphotericin B (AMB)
released from a liposome binds strongly to plasma proteins (>90%, depending largely on
the clinical status of the patient), and this aspect may affect the final exposure of AMB in
the blood. Therefore, total AMB measured in the blood after administration of L-AMB
may not be indicative of true exposure, and the clinical utility of monitoring L-AMB
blood concentrations may be questionable since plasma levels are not related to clinical
efficacy [75–77].

In general, it is not necessary to monitor fluconazole levels due to its favorable phar-
macokinetic characteristics with rapid absorption and high bioavailability, prolonged
distribution in the body and relatively high plasma levels. In addition, there is a direct
correlation between the dose of fluconazole and the plasma levels achieved, which gives the
drug predictable pharmacokinetics, and therefore it is not considered necessary to monitor
plasma levels. However, it may be necessary to monitor plasma levels of fluconazole in
certain groups of patients, in particular, patients on continuous renal replacement therapy
(CRRT) or intermittent renal replacement therapy (IRRT). Although increasing the dose
(800–1200 mg/day) may be an option to consider in this subgroup of patients, we believe
that patients requiring CRRT/RRIT should be treated with therapy-unaffected antifungals
such as L-AMB or echinocandins [73–77].

Echinocandins show a significant post-antifungal effect and therefore concentration-
dependent activity. The Cmax/MIC and AUC0_24/MIC ratios (measured as total drug
concentrations) are considered relevant pharmacodynamic indices for these drugs. Most
experts believe that the data on the relationship between blood concentrations of echinocan-
dins and therapeutic outcome are insufficient to support the routine use of DMT for these
agents. However, factors such as obesity, age and clinical status may influence exposure
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and contribute to significant pharmacokinetic differences between these drugs. Although
this PK/PD is described as a guarantee of efficacy for the treatment of Candida spp. infec-
tions and the levels far exceed the MIC90 for common Candida spp. strains, they would
be insufficient for the treatment of C. parapsilosis or C. glabrata in intra-abdominal infec-
tions. Therefore, if TDM is not possible, we believe that loading doses and high doses of
echinocandins should be used in critically ill patients [73–77].

Isavuconazole has linear and dose-proportional pharmacokinetics, which is useful
for predicting blood concentrations in humans. It also has lower rates of adverse events
and a better safety profile than other triazoles, with a lower propensity for cytochrome
P450-mediated drug–drug interactions than voriconazole. Most experts agree that TDM is
not necessary in patients receiving isavuconazole [73–77].

Most researchers maintain that TDM should be performed routinely in most patients
receiving voriconazole. This azole has highly variable intra- and interindividual pharma-
cokinetics, attributed to different factors, such as pharmacogenetic polymorphisms, drug
interactions (remember that it is mainly metabolized by CYP2C19, 2C9 and 3A4), alterations
in gastrointestinal absorption, and even inflammation and the severity of the patient’s
condition, as well as body weight. In our opinion, if TDM is not possible, voriconazole is
not a treatment option for critical patients [73–77].

8. Combination Therapy Requirements

In general, the antifungal combination is not frequently used for invasive candidiasis or
IAC, except possibly for C. auris because of its high level of resistance [78]. The international
guidelines for the management of candidiasis generally do not contemplate a combination
therapy except in some clinical circumstances such as CNS infections and endocarditis in
which 5 flucytosine (5-FC) can be added to AMB [78–80].

Ideally, the overall goal of combination antifungal therapy is to achieve increased
clinical efficacy of the antifungal agent and avoid toxicity to the patient. There are
several advantages and reasons to consider a combination of drugs: (i) potential in-
creased potency and extent of fungal killing (synergy); (ii) a broader spectrum of activity
targeting potentially resistant pathogens; (iii) prevention of microbial resistance; and
(iv) combination therapy may allow reduced doses of individual antifungal drugs, which
may minimize toxicities.

It is equally important to consider potential antagonistic mechanisms, particularly
with regard to the interaction between azoles and amphotericin B. Azoles bind avidly to
ergosterol, causing its depletion in cytoplasmic membranes. Therefore, in combination
with AMB, there are fewer binding sites available for AMB, resulting in a decrease in
AMB binding and antifungal activity. However, the intensity of this interaction depends
on the PK characteristics of the azoles. For example, highly lipophilic azoles (itracona-
zole) that accumulate in the cell membrane reduce the effect of AMB. On the other hand,
hydrophilic azoles (fluconazole) do not accumulate in the membrane and therefore do
not show antagonism [77]. In addition, there may be another type of antagonism caused
by pre-exposure to azoles, which causes changes in the ergosterol in the membrane and
reduces the effectiveness of AMB. In addition, there may be another type of antagonism
caused by pre-exposure to azoles, which causes changes in the ergosterol in the membrane
and reduces the effectiveness of AMB [78–80].

Although the combination of echinocandins with fluconazole has achieved a good
response, no differences have been shown with respect to treatment with fluconazole
alone. On the other hand, the combination of AMB with echinocandins exhibits erratic
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behavior ranging from a few cases of synergism to no action being evidenced or antagonism
appearing in the majority of cases [79,80].

5-Flucytosine (5-FC) has a unique mechanism of action that theoretically makes it
an ideal add-on drug for use in combination therapies, as it acts on RNA and prevents
protein synthesis in fungi. It also inhibits DNA synthesis but is inactive against bacteria and
human cells. Most in vitro studies have used this drug in combination with AMB, followed
by combinations with azoles and echinocandins. Several studies have been conducted
with difficult-to-treat Candida species. In a recent study of two-drug combinations against
multidrug-resistant C. auris, 5-FC at 1.0 mg/L was found to improve most combinations
with AMB, echinocandins and voriconazole [81].

However, except in specific situations (endocarditis or central nervous system in-
fection), its administration in critically ill patients is not common because 5-FC has a
well-known side-effect profile that includes both dose-related pharmacological toxicity
and idiosyncratic pharmacological toxicity, including bone marrow toxicity (leukopenia
and thrombocytopenia), hepatotoxicity, gastrointestinal intolerance and renal impairment,
which generally requires TDM of this agent [81].

Development of New Antifungal Agents

Based on the above, research continues to identify new antifungal targets and to
develop specific drugs against these targets and to prevent resistance. Studies on antifungal
drug resistance have identified several effective strategies such as increasing membrane
β-glucan, improving tolerance through cellular stress, inhibiting biofilm formation and
suppressing ergosterol biosynthesis (ERG). In addition, targets related to enzymes (acetyl-
transferases and deacetylases), fungal aspartate pathways, HSP90, CYP51, HDAC, SE,
fructose bisphosphate aldolase (FBA), arachidonic acid pathways and sulphite transporters
have gained in importance [82–84].

Several single-target drugs, such as suba-itraconazole, VT-1129, VT-1161 and VT-1598,
and cell wall targeting drugs, such as amphotericin B coheates (CAmB), ibrexafungerp
and fosmanogepix, as well as drugs targeting intracellular targets, including VL-2397,
T-2307, MGCD290 and olorofim, are being studied intensively [76–78]. However, toxicity
remains an issue, and to overcome these limitations, many research groups have focused
on molecular hybridization to create multitarget drugs rather than traditional drug combi-
nations. This shift has led to the design of multitarget ligands that are capable of acting
simultaneously on multiple sites essential to the fungal life cycle with a single molecule,
producing synergistic effects. This new approach could overcome challenges such as the
development of resistance, limited pharmacokinetics and poor compliance associated with
single-target drugs. The development of new drugs is of paramount importance for the
future of patients with invasive fungal infections, but their detailed development is beyond
the scope of this review.

9. When and How to Treat? The Role of Guidelines

The first question to consider is When should I start empirical treatment for my patient?
As previously discussed, the decision to initiate prophylactic, anticipatory or empirical
treatment will depend on the clinical conditions and risk factors of the patient. While most
authors advocate against the routine use of antifungal prophylaxis in critically ill patients,
we generally support the initiation of prophylactic treatment in patients with peritonitis
and perforation of the upper gastrointestinal tract (above the Treitz angle), particularly in
patients who use antacids and have gastric neoplasms. Conversely, in patients with risk
factors and positive biomarkers (BDG), we may initiate anticipatory treatment, though this

84



J. Fungi 2025, 11, 362

approach is subject to greater controversy, particularly regarding the cost-effectiveness of
biomarkers for diagnosis. Finally, in high-risk patients with fever or shock and an unclear
diagnosis, initiating empirical treatment may be a consideration.

The second question pertains to the most appropriate treatment approach. As outlined in
the objectives, the purpose of this review is to provide readers with the tools to understand
different aspects of invasive candidiasis and IAC, as well as the PK/PD characteristics of
various antifungals. This will empower each physician to develop an empirical treatment
protocol for patients at risk of invasive candidiasis/IAC tailored to the local situation
and available resources. However, it is essential to review the international guidelines,
which aim to serve as a basis for our local adaptation of treatment. As outlined in Table 6,
the main guidelines provide treatment recommendations. Echinocandins are the most
frequently mentioned drugs as first-line treatment for invasive candidiasis, and no specific
recommendations are made for IAC, with the same treatment being accepted. However, as
discussed previously, especially in cases where C. glabrata is suspected, this may not be the
most suitable option. A recent systematic review has concluded that there are no significant
differences in clinical efficacy between treatment with L-AMB, echinocandins or voricona-
zole in critically ill patients with invasive candidiasis. Therefore, the authors suggest that
these three types of drugs should be considered for first-line treatment [1,3,4,51,57,67], and
the definitive drug should be chosen based on the isolated species and the susceptibility
profile. The use of L-AMB as first-line treatment is supported by various authors, based on
the low likelihood of resistance development, especially in patients with a history of prior
azole use. Conversely, fluconazole may not be the optimal choice for empirical treatment
in patients at risk of invasive candidiasis or IAC due to the high frequency of resistance
observed in non-albicans species. Therefore, as is standard practice with antibiotic treat-
ment, an empirical broad-spectrum treatment should be initiated and then de-escalated
once microbiological results confirm the species’ susceptibility to fluconazole.

Table 6. Summary of recommendations from major international guidelines for empirical treatment
in non-neutropenic patients with invasive candidiasis and IAC. (Recommendation A = Strong
recommendation for use; B = Moderate recommendation; C = Marginal recommendation; I = High-
quality evidence; II = Moderate-quality evidence; III = Expert opinion.)

Invasive
Candidiasis

ECIL
Recommendation

IDSA
Recommendation

ESCMID
Recommendation

ESICM/ESCMID
Recommendation

ECMM
Recommendation

General
population Candins/AI Candins/strong Candins/AI Candins Candins/AI

L-AMB/AI L-AMB/strong L-AMB/BI L-AMB as rescue L-AMB/AI

Fluconazole/AI
Candins/strong

(non-critical
patients)

Fluconazole/CI
Fluconazole in

patients without
DMO

Voriconazole/AI Voriconazole/strong Voriconazole/BI Not considered

IAC Non-special
considerations

Non-special
considerations

Non-special
considerations

Non-special
considerations

ECIL: The European Conference on Infections in Leukemia [85]; IDSA: Infectious Diseases Society of America [57],
ESCMID: European Society of Clinical Microbiology and Infectious Diseases [86], ESICM: The European Society
of Intensive Care Medicine [51], ECMM: European Confederation of Medical Mycology [67].

Finally, Figure 1 proposes an algorithm for the treatment of patients with ICA that can
serve as a basis for the development of a local algorithm, depending on the epidemiology,
the particular resources of each unit and the species of Candida isolated.
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Figure 1. Empirical treatment algorithm for IAC. (BDG: beta-d-glucan; L-AMB: liposomal ampho-
tericin B; modified from refs. [1,51,57,67,85,86].) Blue arrows: possible action according to biomarkers;
Red arrows: possible action according to the presence of shock; Green arrows: possible action for
targeted therapy.

10. Conclusions

Candidemia and intra-abdominal candidiasis are relatively common complications in
critically ill patients associated with high morbidity and mortality. The challenges posed by
increasing resistance to antifungal drugs, the need for new and better diagnostic tools, and
the development of personalized treatment strategies could improve the grim prognosis of
this condition. Therefore, research into new antifungal drugs with different targets and
biomarkers that allow more accurate early diagnosis is needed, as well as the development
of local and national strategies to control resistance.
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Abbreviations

The following abbreviations are used in this manuscript:

IAC Intra-abdominal candidiasis
L-AMB Liposomal amphotericin B
AMB Amphotericin B
PK/PD Pharmacokinetic/pharmacodynamic
TDM Therapeutic drug monitoring
AUC Area under the curve
MIC Minimum inhibitory concentration
CYP Cytochrome
Cmax Peak plasma concentration
VD Volume of distribution
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Abstract: Introduction: Candida auris (now Candidozyma auris) and multidrug-resistant
(MDR) bacterial infections pose significant therapeutic challenges due to high antimicrobial
resistance, increased mortality, and persistence in healthcare settings. In Greece, their
rising prevalence is raising concerns regarding co-infection, yet comprehensive data re-
main limited. This study aims to investigate the epidemiology, risk factors, and clinical
outcomes of MDR bacterial co-infection in patients with C. auris candidemia. Methods:
This single-center, retrospective observational cohort study was conducted at a Greek
tertiary university hospital and included adult patients with C. auris bloodstream infections
from January 2019 to June 2024. The data were analyzed using appropriate statistical
methodologies. Results: Among 96 patients, those with C. auris candidemia and MDR
bacterial co-infection exhibited a significantly higher mortality rate (87.23% vs. 61.22%,
p = 0.007). The presence of a central venous catheter was the only factor significantly
associated with MDR co-infection (p = 0.030). In univariate analysis, MDR co-infection, a
higher Charlson Comorbidity Index, and mechanical ventilation correlated with increased
mortality. Multivariate analysis identified MDR co-infection (OR = 3.19, p = 0.045) and
mechanical ventilation (OR = 7.07, p = 0.002) as independent mortality predictors. Conclu-
sions: These findings underscore the need for enhanced surveillance, precise identification,
and stringent infection control measures to prevent C. auris and MDR bacterial outbreaks
in healthcare settings.

Keywords: Candida auris; Candidozyma auris; bacteremia; candidemia; co-infection; MDR
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1. Introduction

Candida auris (now Candidozyma auris) is an emerging multidrug-resistant (MDR)
fungal pathogen that has become a global health threat since its first description in 2009 [1].
It has been reported in over 61 countries across all six inhabited continents [2,3]. C. auris
affects both adults and children with various risk factors, including immunosuppression,
diabetes, recent antibiotic use, catheter use, and prolonged hospital stays [2,4,5]. The
pathogen is difficult to identify using traditional methods and can be misidentified as other
yeasts [4]. The fungus exhibits high resistance to fluconazole and moderate resistance
to amphotericin B and caspofungin [2]. C. auris infections are associated with a 30-day
mortality rate of 39.5%, with bloodstream infections having a higher mortality of 45% [2].
The pathogen’s ability to persist in hospital environments and resist decontamination
procedures has led to outbreaks in healthcare facilities [6]. Hence, prompt investigation,
aggressive interventions, and a robust response involving laboratories, clinicians, and
public health agencies are crucial to manage cases and prevent transmission [7]

In this context, MDR bacterial infections pose a significant global health threat, with
increasing prevalence and limited treatment options [8–10]. Antibiotic overuse in human
therapies, animal husbandry, and aquaculture, as well as, poor antimicrobial steward-
ship and infection control practices [9], has contributed to rise of infections by MDR
pathogens. The ESKAPE pathogens, including Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp.,
are particularly concerning, due to their role in life-threatening nosocomial infections [11].
Studies have identified various risk factors for MDR organisms, including diabetes mellitus,
previous antibiotic use or hospitalization, use of medical devices, immunosuppressive
therapy, and so on [12]. MDR infections are associated with increased morbidity, mortality,
and healthcare costs [13]. Patients with MDR infections also had higher odds of 30-day
readmission compared to those with non-MDR infections [14]. The rising prevalence of
MDR infections presents challenges in selecting empiric antimicrobial therapy, necessitating
a multidisciplinary approach involving antimicrobial stewardship and infection control
practices to prevent further spread [9,10].

C. auris has emerged as a significant healthcare concern in Greece since its first isolation
in 2019 [15]. The pathogen has rapidly spread across Greek healthcare facilities, with
outbreaks reported in multiple hospitals [16,17]. C. auris isolates in Greece predominantly
belong to the South Asian clade I and exhibit high resistance to fluconazole [16,18]. The
fungus has become a leading cause of candidemia in some hospitals, with mortality rates
exceeding 50% [16,17]. Of particular concern is the emergence of pan-echinocandin resistant
isolates [17]. Similarly, Greece faces a significant challenge with MDR bacterial infections,
particularly in hospital settings. A study of P. aeruginosa isolates from ventilator-associated
pneumonia patients found high rates of MDR, extensively drug-resistant (XDR), and
pandrug-resistant (PDR) strains, especially in Greece [19]. Recent surveillance data showed
a rapid increase in MDR P. aeruginosa prevalence, rising by 63.8% from 2020 to 2023 [20].
MDR rates in Greece are among the highest in Europe, with carbapenem-resistant Gram-
negative species becoming endemic in intensive care units [21]. A study of surgical ward
patients found that 46.5% of isolated Gram-negative bacilli were MDR, with A. baumannii
showing the highest MDR rate at 83.9% [22].

Of note, COVID-19 pandemic has led to profound shifts in healthcare delivery, with
both immediate and lasting effects on individuals and communities. According to the CDC,
contributing factors include a shift in patient demographics toward more severely ill indi-
viduals, reduced access to healthcare services leading to underdiagnosis and misdiagnosis,
increased reliance on over-the-counter medications, and widespread antibiotic overuse. Ad-
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ditionally, challenges in laboratory supplies, diagnostic testing, and treatment availability
have further complicated care. Crucially, the pandemic disrupted key infection prevention
and control practices, such as hand hygiene, equipment disinfection, patient isolation, and
consistent personal protective equipment use, ultimately undermining previous progress in
addressing antimicrobial resistance (AMR). As a result, changes in hospitals’ daily practice
due to the COVID-19 pandemic had a severe impact on AMR [23]. A reduction in the
detection and reporting of AMR data was documented during the pandemic, along with
an alarming increase in resistant infections during hospitalization [24–27]

Both C. auris and MDR bacterial pathogens have several common predisposing factors
for colonization and invasive infections. However, there are limited data on co-infection, as
well as, on associated patterns and outcomes. A recent report has noted a high rate of co-
colonization with other MDR organisms among C. auris carriers, particularly in long-term
acute care hospitals [28]; however, no information is available on co-infections. The primary
objective of this study was to investigate the epidemiology of co-infection with MDR
pathogens in patients with C. auris candidemia and to identify associated risk factors. The
secondary objective included describing the clinical characteristics, antifungal susceptibility
patterns, and outcomes of co-infection with MDR bacteria and C. auris candidemia.

2. Methods

2.1. Study Design, Patient Population, and Data Collection

This was a single-center, retrospective observational cohort study conducted in a
Greek tertiary university hospital. Successive hospitalized adult patients diagnosed with
bloodstream infection (primary or secondary) due to C. auris from 1 January 2019 to
1 June 2024, were included. Patient data were anonymously and securely recorded from
medical records, including demographic characteristics, clinical parameters, laboratory
values, microbiological data and outcomes. Patients with missing data files or evidence of
commensal pathogens, indicative of contamination, were excluded from this analysis.

2.2. Microbiology Identification and Definitions

The initial identification of C. auris was performed through culture on chromogenic
agar, followed by confirmation using MALDI-TOF MS (Bruker Daltonics, Billerica, MA,
USA). Antifungal susceptibility testing was performed using the Etest gradient diffusion
method (bioMérieux, Craponne, France). In vitro susceptibility of the bloodstream isolates
was further evaluated using the Clinical and Laboratory Standards Institute (CLSI) reference
broth microdilution method. The interpretation of resistance was based on the tentative
breakpoints provided by the United States Centers for Disease Control and Prevention
(CDC) for amphotericin B, fluconazole, and echinocandins, while species-specific CLSI
epidemiological cut-off values were applied for the remaining azole antifungals [29,30].

Bacterial pathogens were identified using VITEK® 2 identification cards (bioMérieux,
Craponne, France). This study assessed susceptibility to various antimicrobial agents,
as well as, the minimum inhibitory concentrations (MICs). Antimicrobials were chosen
based on guidelines from the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) and recommendations from the European Centre for Disease Prevention and
Control (ECDC) and the CDC. The MICs for colistin were determined using the broth mi-
crodilution method (SensiTest™ Colistin, Liofilchem, Italy), following EUCAST guidelines
to ensure reliable results for this particular agent. Interpretation of the MIC values was
conducted in accordance with the EUCAST standards applicable at the time of testing,
categorizing isolates as susceptible, intermediate, or resistant. MDR was defined based on
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criteria from the ECDC and the CDC, as non-susceptible to at least one agent in three or
more antimicrobial classes.

2.3. Management Protocols

Patients with suspected MDR bacterial infections were managed according to institu-
tional protocols aligned with the Infectious Diseases Society of America (IDSA) and Euro-
pean Society of Clinical Microbiology and Infectious Diseases (ESCMID) guidelines [31,32].
Empiric antimicrobial therapy was initiated based on clinical presentation, the site of infec-
tion, history of prior antimicrobial therapy, tolerance or allergy, local resistance patterns,
and infection severity. In cases of suspected or confirmed C. auris, initial antifungal therapy
with echinocandins was employed [29]. Patients with confirmed or suspected MDR bac-
terial infections or C. auris were placed under strict contact precautions in single-patient
rooms, including the use of gowns and gloves by all healthcare personnel upon room entry,
with dedicated medical equipment where possible. Enhanced environmental cleaning pro-
tocols were implemented, especially for C. auris. All cases were evaluated by an infectious
diseases specialist within 24 h of initiation of therapy. Upon availability of microbiological
identification and antimicrobial susceptibility testing, targeted de-escalation was performed
in accordance with antimicrobial stewardship principles to optimize treatment efficacy and
minimize resistance development.

2.4. Statistical Methods

Categorical variables are presented as frequencies and relative frequencies, while con-
tinuous variables are presented as medians and interquartile ranges. Pearson’s chi-squared
test (χ2) was used to assess associations between the categorical variables, with Yates’s
correction for continuity applied where appropriate. In cases where the data structure did
not permit the use of Pearson’s chi-squared test, Fisher’s exact test was employed.

Shapiro–Wilk and Kolmogorov–Smirnov tests were used to assess the normality of
continuous variables. Normally distributed continuous variables were compared using Stu-
dent’s t-test, whereas the Mann–Whitney U test was used for non-parametric comparisons.

In the logistic regression model for the multivariable evaluation of each independent
variable’s effect, the area under the receiver operating characteristic (ROC) curve (AUC)
was calculated to assess the model’s discriminative ability, with an AUC value greater
than 0.7 considered acceptable. Additionally, pseudo R-squared statistics (McFadden’s R2,
Cox & Snell R2, and Nagelkerke R2) were used to evaluate the model fit. Multicollinearity
was assessed using the variance inflation factor (VIF), and a VIF < 5 was confirmed for all
included variables. The selection of variables in the model was based on clinical relevance
and statistical significance in univariable analysis.

All results are reported with 95% confidence intervals (95% CI). All tests were two-
tailed, and statistical significance was set at p = 0.05.

Data analysis and visualization were performed in RStudio 2023.06.1, Build 524 (PBC,
Boston, MA, USA), using the following R packages: “dplyr” v.1.1.4, “ggplot2” v.3.5.0,
“scales” v.1.3.0, “nortest” v.1.0.4, “epiDisplay” v.3.5.0.2, “broom” v.1.0.5, “lmtest” v.0.9-40,
“car” v.3.1-2, “stats” v.4.3.1, “ResourceSelection” v.0.3-6, “pROC” v.1.18.5, and “pscl” v.1.5.9.

2.5. Ethical Approval

The study was conducted according to the Declaration of Helsinki and Good Clinical
Research Practice guidelines, and received approval from the local Ethics Committee and
Institutional Review Board (391/31 July 2024). Informed consent was waived due to the
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retrospective nature of the study and the anonymous recording of data according to general
data protection regulations.

3. Results

3.1. General Characteristics and Medical History of Participants

A total of 96 patients with candidemia (C. auris) were included in this study; their
characteristics are shown in Table 1. Among the 96 hospitalized patients with candidemia,
48.96% (47 patients) also had a co-infection (at least one episode of bacteremia) with MDR
bacterial pathogens. No statistically significant differences were observed between the two
groups in terms of general characteristics, diagnosis on admission, or risk factors for MDR
or C. auris infection/colonization. The only statistically significant difference was noted in
the presence of a central venous catheter (CVC), which was more common among patients
with co-infection by MDR pathogens (p = 0.030). The remaining risk factors did not show
significant differences between the two groups.

Table 1. General characteristics and medical history of participants.

Candidemia

Without Co-Infection (n = 49) With MDR Co-Infection (n = 47) p

GENERAL CHARACTERISTICS

Age (Years) 69 (57–76) 70 (64–77) 0.392

Gender (Male) 26 (53.06 %) 30 (63.83 %) 0.388

CCI 4 (3–5) 4 (3–6) 0.372

Sepsis 12 (24.49%) 12 (25.53 %) 1
DIAGNOSIS
COVID-19 8 (16.33%) 10 (21.28%) 0.719

RTI 18(36.73%) 17(36.17%) 1

UTI 4(8.16%) 3(6.38%) 1

Cerebrovascular Events 9(18.37%) 8(17.02%) 1

Cardiovascular Events 1(2.04%) 1(2.13%) 1

Trauma 8(16.33%) 6(12.77%) 0.837

Other 1(2.04%) 2(4.26%) 0.481
RISK FACTORS for MDR/C. auris Infection
CVC 32 (66.67%) 41 (87.23%) 0.030

Foley Catheter 43 (87.76%) 44 (93.62%) 0.487

PICC 22 (44.9 %) 17 (36.17%) 0.507

IMV 24 (48.98%) 29 (61.7%) 0.294

Non-IMV 1 (2.04%) 2 (4.26%) 0.613

History of Prior Antifungal Treatment 28 (57.14%) 21 (44.68%) 0.292

History of Prior Antibiotic Treatment 47 (95.92%) 45 (95.74%) 1

Recent Hospitalization, within 6 Months (Yes) 34 (69.39%) 30 (63.83 %) 0.718

Pre-Existing Candida Colonization 21 (42.86%) 19 (40.43%) 0.972

CCI: Charlson Comorbidity Index; RTI: respiratory tract infections; UTI: urinary tract infections; MDR: multidrug-
resistant pathogen; CVC: central venous catheter; PICC: peripherally inserted central catheter; IMV: invasive
mechanical ventilation.

As for C. auris, no difference in the resistance patterns or antifungal regimens used
were noted between the groups (Supplementary Table S1). As expected, the majority of
isolates were resistant to fluconazole (approximately 98%), followed by amphotericin B
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(24%), caspofungin (10%), anidulafungin (9%), and voriconazole (8%). More than 87% of
cases were treated with anidulafungin or micafungin, while approximately 4% required
therapy with amphotericin B, either alone or in combination with echinocandin.

Among the participants with co-infection by MDR pathogens, 89.36% of the infections
were monomicrobial, whereas 10.64% were polymicrobial (Supplementary Table S2). From
the total number of isolated pathogens (n = 52), 34.04% were Enterococci, of which 93.75%
were vancomycin-resistant (VRE). Other isolated pathogens included Acinetobacter spp.
(23.4%), Klebsiella pneumoniae (19.15%), Pseudomonas spp. (12.77%), E. coli (4.26%), other
Candida spp. (12.77%), and miscellaneous pathogens (4.26%). Regarding antimicrobial
resistance, carbapenemase-producing K. pneumoniae (KPC) was detected in 7.69% of cases.
Additionally, metallo-β-lactamases (NDM, VIM) were identified in approximately 15% of
the isolated strains. In contrast, extended-spectrum β-lactamases (ESBLs) were not detected
(Supplementary Table S2).

3.2. Laboratory Findings

The laboratory parameters did not exhibit any statistically significant differences
between the participant groups (Supplementary Table S3).

3.3. Outcomes

Regarding patient outcomes, the participants with concomitant co-infection with
MDR pathogens exhibited a statistically significantly higher mortality rate (87.23% vs.
61.22%, p = 0.007). Conversely, post-infection colonization was marginally more frequent
in the group with isolated candidemia (22.45% vs. 6.38%, p = 0.05). No other significant
differences in outcome characteristics were observed between the two groups (Table 2).

Table 2. Outcomes of participants.

Candidemia

Without
Co-Infection (n =

49)

With MDR
Co-Infection (n =

47)
p

Intensive Care Unit Admission (Yes) 23 (46.94%) 25 (53.19%) 0.683

Mortality 30 (61.22%) 41 (87.23%) 0.007

28-Day Mortality 19 (63.33%) 28 (68.29%) 0.066

90-Day Mortality 11 (36.67%) 13 (31.71%) 0.723

Death Associated with C. auris 27 (90%) 34 (82.93%) 0.501

Candidemia Resolution 38 (77.55%) 30 (63.83%) 0.209

Time to Bloodstream Candida Clearance (Days) 5 (2–9.75) 6 (3.25–10) 0.464

C. auris Relapse 16 (32.65%) 11 (23.4%) 0.435

Post-Infection Candida Colonization 11 (22.45%) 3 (6.38%) 0.050

LOS (Days) 68 (30–130) 46 (32.5–105.5) 0.465
MDR: Multidrug-resistant pathogens; LOS: length of stay.

3.4. Candidemia with MDR Co-Infection as an Independent Mortality Risk Factor

The potential associations between mortality outcomes and candidemia with MDR
co-infection, age, length of hospital stay (LOS), CCI, and invasive mechanical ventilation
(IMV) were analyzed. In the univariate analysis, candidemia with MDR co-infection was
significantly associated with an increased risk of mortality (OR = 4.33, 95% CI: 1.54–12.14, p
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= 0.005). Additionally, a higher CCI score (OR = 1.29, 95% CI: 1.01–1.65, p = 0.038) and IMV
(OR = 4.73, 95% CI: 1.74–12.86, p = 0.002) were also significantly correlated with mortality.
Age exhibited a borderline but non-significant association (OR = 1.03, 95% CI: 1–1.06, p =
0.062), while LOS was not statistically significant (p = 0.529). In the multivariate analysis,
candidemia with MDR co-infection remained an independent predictor of mortality (OR
= 3.19, 95% CI: 1.03–9.9, p = 0.045), along with IMV, which showed a strong independent
association (OR = 7.07, 95% CI: 2.03–24.67, p = 0.002). Conversely, age (p = 0.864), LOS (p =
0.809), and CCI (p = 0.137) did not retain statistical significance after adjustment. These find-
ings, summarized in Table 3, provide insight into both univariate and multivariate analyses,
highlighting the significant role of MDR co-infection and intubation in patient mortality.

Table 3. Univariate and multivariate analysis of factors associated with mortality risk.

Unadjusted Analysis Adjusted Analysis

Odds Ratio 95% CI p-Value Odds Ratio 95% CI p-Value

Candidemia Status (with MDRs) 4.33 1.54–12.14 0.005 3.19 1.03–9.9 0.045

Age 1.03 1–1.06 0.062 1.005 0.95–1.07 0.864

LOS 1.00 1–1.01 0.529 1 0.99–1.01 0.809

CCI 1.29 1.01–1.65 0.038 1.43 0.89–2.29 0.137

IMV (Yes) 4.73 1.74–12.86 0.002 7.07 2.03–24.67 0.002

MDR: Multidrug-resistant pathogens; LOS: length of stay; CCI: Charlson Comorbidity Index; IMV: invasive
mechanical ventilation.

4. Discussion

This study aimed to investigate the patterns of MDR pathogen bacteremia in patients
with C. auris candidemia, identify associated risk factors, and assess their impact on clinical
outcomes. Patients with C. auris candidemia, with and without MDR co-infection, exhibited
comparable characteristics, except for the presence of CVCs, which was more prevalent in
those with MDR co-infections. Mortality rates were significantly higher in patients with
MDR co-infections, even though C. auris colonization occurred less frequently after the
initial infection. IMV and co-infection with MDR pathogens were identified as significant
predictors of increased mortality in patients with C. auris candidemia.

Our study is one of the largest cohorts of C. auris patients described in the global
literature. Studies have reported outbreaks in Oman [33], the UK [34], and the USA [35],
highlighting its global spread. The COVID-19 pandemic has led to an increase in C. auris
infections, particularly among critically ill patients in ICUs [36,37]. C. auris has emerged as a
significant threat in healthcare settings, with studies reporting it as the most isolated Candida
species in blood cultures of COVID-19 patients [37]. Prior data indicate an increasing
trend in C. auris colonization and clinical infections, particularly within long-term care
settings, such as long-term acute care hospitals and ventilator-equipped skilled nursing
facilities [38,39]. Key risk factors for C. auris colonization and candidemia include IMV, CVC,
total parenteral nutrition, and prolonged ICU stays [40–42]. Prior antibiotic use, especially
carbapenems, and antifungal exposure, particularly fluconazole, are also associated with
increased risk [39,42]. Almost all our patients had priorly received antibiotics, whereas the
majority had been recently hospitalized or were under invasive mechanical ventilation in
our cohort.

Nearly half of the patients with C. auris candidemia also had MDR bacteremia. Con-
current fungemia and bacteremia represents a serious condition associated with critically ill
patients, particularly in surgical settings. Studies have shown that polymicrobial fungemia
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accounts for 3.4% of fungemia cases, with Candida species being the most common fungal
pathogens [43,44]. Predisposing factors include intravascular catheters, antibiotic use, and
surgical procedures [44], while mixed septicemia, characterized by synchronous bacte-
rial and fungal bloodstream infections, is a marker for critically ill surgical patients with
high mortality rates [45]. The 50% incidence of MDR pathogens observed in this study
is consistent with the high prevalence of MDR infections in Greece, as reported in previ-
ous studies, [21,46] and a recent report by the European Centre for Disease Prevention
and Control (ECDC) [47]. Since the late 2000s, Greece has faced an endemic challenge of
MDR pathogens within its hospital sector, predominantly driven by carbapenem-resistant
Gram-negative bacilli; the country consistently reports some of the highest antimicrobial
resistance rates in Europe [47].

Patients with C. auris infection, with or without MDR co-infection, did not differ in
terms of risk factors. This is in line with previous data showing common risk factors
for C. auris infection or colonization and MDR bacteremia, including the prior use of
antibiotics, immunocompromise, indwelling catheters, IMV, and prior recent hospital-
ization [3,12,39]. However, patients with MDR co-infections had a higher prevalence of
CVC use (87.23 vs. 66.67%). The presence of a CVC is associated with higher rates of
bloodstream infections [48,49]. Central line-associated bloodstream infections (CLABSIs)
are a significant healthcare concern, with MDR organisms causing up to 67% of cases [50].
Gram-negative bacteria are the predominant pathogens in some settings, including Greece,
Taiwan, Malaysia, Saudi Arabia, and China, with 9% being MDR pathogens [51–55]. CLAB-
SIs are associated with increased mortality, costs, and readmission rates. Failure to promptly
remove CVC in cases of CLABSI caused by MDR pathogens has been strongly associated
with increased 30-day mortality, as persistent infection and inadequate source control
can significantly worsen patient outcomes [56]. Therefore, the implementation of stan-
dardized central line care bundles, including the proper insertion techniques, regular line
maintenance, and timely removal when no longer necessary, remains a critical strategy
to minimize the risk of CLABSI, particularly in high-risk populations vulnerable to MDR
infections [51].

In our report, C. auris colonization was observed in approximately 40% and 15% of
patients, prior to and following candidemia, respectively. Research indicates that C. auris
colonization is prevalent in healthcare settings, especially among critically ill patients and
residents of long-term care facilities [39,57,58]. C. auris can colonize multiple body sites,
with the axilla and groin being common locations [57,59]. The persistence of C. auris on
skin and environmental surfaces contributes to its transmission in healthcare settings [59].
Outbreaks have been associated with contaminated medical equipment, such as reusable
temperature probes [60]. Effective control measures involve comprehensive patient and
environmental screening, chlorhexidine washes for patients, and thorough surface disin-
fection with suitable agents, such as stabilized hydrogen peroxide [61]. When followed
correctly, proper hand hygiene and commonly used disinfectants can be effective against
C. auris [61]. Sodium hypochlorite isotonic solution has shown potential for patient decolo-
nization [62]. However, C. auris can survive on dry fabrics for up to seven days, posing
challenges for eradication [61]. Colonization with C. auris significantly increases the risk
of subsequent invasive infection, often by the same strain [63]. We observed reduced
post-infection colonization in patients with MDR co-infection. It is possible that, enhanced
disinfectant and de-colonization measures associated with MDR bacteremia may have
contributed to the (marginally) significant difference between the groups. However, this
finding should be interpreted with caution. The CDC no longer recommends routine
reassessments for C. auris colonization, partly due to the fluctuating nature of its detection,
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as C. auris can sometimes be present and at other times undetected, especially in healthcare
settings [38]. To manage C. auris in healthcare settings, rigorous colonization screening and
strict infection control measures are essential [64].

C. auris exhibits high resistance to fluconazole and moderate resistance to ampho-
tericin B and caspofungin, while remaining sensitive to echinocandins, like micafungin
and anidulafungin [2,65]. This resistance is attributed to multiple molecular mechanisms.
Mutations in the ERG11 gene, increased copy numbers of this gene, and the overexpression
of efflux pumps contribute to fluconazole resistance [66]. A novel genetic determinant,
mutations in the TAC1B gene, has been identified as a significant contributor to clinical
fluconazole resistance [67]. These mutations can arise rapidly upon exposure to fluconazole
and are present in the majority of fluconazole-resistant C. auris isolates globally. Addition-
ally, resistance to other antifungals has been observed, including amphotericin B (10–30%
of strains) and echinocandins (up to 5% of strains) [68]. We also recorded high resistance to
fluconazole in our study, in line with the fact that the majority of patients had been under
antifungal treatment in the past.

The majority of patients are empirically treated with echinocandins, in accordance
with international guidelines and local protocols [29]. This regimen is later modified if
required, following antifungal sensitivity testing and patient individual needs, e.g., tol-
erance, allergies, drug–drug interactions etc. At the moment, C. auris commonly shows
resistance to fluconazole and amphotericin B, with echinocandin resistance emerging in
some regions [69]. In this context, several new antifungals are being developed to combat
C. auris. APX001A, which inhibits the fungal protein Gwt1, demonstrated potent in vitro
activity and improved survival in mouse models compared to anidulafungin [70]. Ibrexa-
fungerp, a novel oral triterpenoid antifungal, showed broad in vitro activity against C. auris,
including isolates with fks mutations, and promising clinical results in two patients [71].
Other investigational agents include rezafungin, manogepix/fosmanogepix, olorofim, and
tetrazoles, which have shown improvements in survival and reduction in tissue fungal
burden in animal models [72].

The overall mortality rate for C. auris infections ranges from 30% to 60%, with blood-
stream infections having a 45% mortality rate [2]. However, a recent study suggests that
mortality may be lower when adjusted for confounding variables [73]. In our cohort,
mortality was approximately 60% in patients with C. auris candidemia. We found sig-
nificantly increased mortality in C. auris patients with MDR co-infections compared to
those without (87%), while MDR infection was identified as an independent risk factor for
mortality. This finding is consistent with previous research, including ours, demonstrating
increased mortality rates among patients with MDR infections [74–76]. However, it has
been suggested that the elevated mortality risk associated with MDR pathogens is primarily
attributed to the delayed initiation of appropriate antimicrobial therapy, rather than the
intrinsic virulence of the resistant microorganisms themselves [74,77–79]. Even though the
treatment protocols at our site align well with international guidelines on the management
of MDR pathogens (see methods), no information is available on the details of the regimens
and the timing used.

Invasive ventilation was identified as an independent predictor for mortality in these
patients. Invasive mechanical ventilation in critically ill patients is strongly associated with
high mortality rates, particularly in pediatric hematopoietic stem cell transplant recipi-
ents, with reported pediatric ICU mortality rates as high as 60.4% [80]. In patients with
COVID-19-related acute respiratory distress syndrome (ARDS), factors such as elevated
driving pressure and ventilatory rate have been identified as key contributors to increased
mortality [81]. For patients without ARDS, maximum airway pressure has emerged as
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the primary respiratory factor, independently linked to in-hospital mortality [82]. Fur-
thermore, early extubating to non-invasive ventilation as part of a weaning strategy has
been shown to reduce hospital mortality, particularly in patients with chronic obstructive
pulmonary disease. This strategy contributes to a reduction in the duration of invasive ven-
tilation and ICU length of stay, associated with a lower incidence of ventilator-associated
pneumonia [83].

Despite being one of the largest C. auris cohorts described in the literature, our study
suffers inherent limitations. First it was a retrospective single-center study; hence, our
findings and conclusions drawn should be interpreted with caution. Diverse practices and
increased local MDR endemicity limits generalization of our results. Moreover, misidenti-
fication of C. auris is common due to inadequate reference databases on diagnostic plat-
forms [84]. Additionally, the correlation between MIC values and clinical outcomes is
poorly understood, resulting in a lack of C. auris-specific breakpoints [69]. Although var-
ious clinical outcomes, such as mortality, LOS, and ICU admission, were assessed, this
study lacked crucial information on several key variables that could significantly influence
these endpoints. Specifically, no detailed data were available regarding the antibacterial
treatment regimens employed, including type, dosage, duration, and timing of admin-
istration. Additionally, the absence of information on source control measures, such as
surgical interventions, drainage procedures, and institutional disinfection practices, limits
our ability to interpret the results fully. These factors are known to play a critical role in
patient outcomes and may confound the relationship between the observed variables and
the reported clinical outcomes.

Our study was the first to assess C. auris and bacterial MDR co-infection. No specific
factors were identified in the C. auris patient group also presenting with MDR pathogens,
except for the presence of CVC. MDR co-infections were associated with increased mor-
tality, especially among patients under IMV. Our findings underscore the critical need for
enhanced infection control measures in healthcare settings. Close monitoring and stringent
catheter care protocols are essential, particularly among high-risk patients, while targeted
antimicrobial stewardship, early diagnostic screening, and rigorous hygiene practices
should be prioritized. Healthcare personnel must be regularly trained in recognizing and
managing co-infections, while infection prevention teams should consider implementing
routine surveillance for MDR pathogens in patients with C. auris. This can be challenging
in low- or middle-income countries, while global mobility adds to the complexity, facili-
tating the cross-border spread of C. auris and MDR organisms. Global health bodies and
national public health authorities must invest in building laboratory capacity, enforcing
standardized infection prevention and control guidelines, and supporting antimicrobial
stewardship programs across all healthcare levels. International collaboration, real-time
data sharing, and coordinated surveillance efforts are essential to monitor trends, detect
outbreaks early, and mount effective, evidence-based responses to this dual threat.

5. Conclusions

Our findings underscore the urgent need for enhanced surveillance, accurate identifi-
cation methods, and stringent infection control measures to combat C. auris, prevent new
infections with MDR pathogens and avoid epidemic outbreaks.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jof11060407/s1, Table S1. C. auris resistance patterns and
employed therapy. Table S2. Microbiological profile and antimicrobial resistance in patients with
candidemia and MDR co-infection. Table S3. Laboratory parameters.
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MDR Multidrug-resistant
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AMR Antimicrobial resistance
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RTI Respiratory tract infections
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VRE Vancomycin-resistant Enterococci
ESBLs Extended-spectrum β lactamases
KPC K. pneumoniae carbapenemase
MBL Metallo-β-lactamases
NDM New Delhi metallo-β-lactamase
VIM Verona integron-encoded metallo-β-lactamase
LOS Length of stay
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ECDC European Centre for Disease Prevention and Control
CLABSIs Central line-associated bloodstream infections
ICU Intensive care unit
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Abstract: Aspergillosis in immunocompromised individuals is a serious and potentially
life-threatening infection, as the weakened immune system cannot effectively fight the
Aspergillus fungus. This review provides an in-depth examination of aspergillosis in
patients with various conditions that compromise immunity, including hematological
disorders, HIV, SARS-CoV-2 pneumonia, influenza, and those who have undergone solid
organ transplants. The clinical manifestations of aspergillosis are influenced by factors
such as the host’s underlying comorbidities, immune response, and immune suppression
due to medications or treatments. The review delves into the epidemiology of aspergillosis,
exploring various risk factors that predispose individuals to infection. It also discusses
the wide range of clinical symptoms, highlighting the challenges in diagnosis and the
importance of early detection. The review contrasts traditional diagnostic approaches with
emerging molecular techniques, emphasizing the role of advanced diagnostics in improving
outcomes. A proposed clinical decision-making flowchart is provided to assist healthcare
professionals in managing suspected cases of aspergillosis. In addition to diagnostic
challenges, the review addresses antifungal prophylaxis, pre-emptive therapy, and the
growing concern of pharmacological resistance to antifungal agents. It concludes with a
discussion of future research directions, underscoring the need for improved therapeutic
strategies and preventative measures in immunocompromised patients to reduce the
burden of this severe fungal infection.
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1. Introduction

Aspergillosis is an opportunistic fungal infection caused by molds of the genus As-
pergillus, characterized by a wide spectrum of clinical manifestations. These range from
allergic forms, such as allergic bronchopulmonary aspergillosis (ABPA) and severe asthma
with fungal sensitization (SAFS), to progressive chronic forms like chronic pulmonary
aspergillosis (CPA), and finally to acute, potentially lethal forms of invasive aspergillosis
(IA) [1] (Figure 1). In recent years, novel clinical entities have emerged in association
with severe viral infections, including influenza-associated pulmonary aspergillosis (IAPA)
and COVID-19—associated pulmonary aspergillosis (CAPA), which have been described
in critically ill patients admitted to intensive care units, even in the absence of classical
immunosuppressive risk factors [2,3]. From an etiological standpoint, Aspergillus fumi-
gatus remains the principal pathogen responsible for aspergillosis [1,4]. Other relevant
species include Aspergillus flavus, Aspergillus niger, Aspergillus terreus, Aspergillus nidulans,
and Aspergillus calidoustus, which are among the most frequently involved in human dis-
ease [1]. These names actually refer to complexes of cryptic species that are morphologically
similar [1]. Although A. fumigatus sensu stricto is by far the most prevalent, cryptic re-
lated species (e.g., Aspergillus lentulus, Aspergillus udagawae, Aspergillus viridinutans, and
Aspergillus calidoustus) are increasingly recognized and may account for up to 10–30% of
IA cases [1,5]. These emerging species are clinically relevant due to intrinsic antifungal
resistance and diagnostic challenges, often associated with refractory or relapsing IA [1].
From both epidemiological and clinical perspectives, aspergillosis plays a major role in
immunocompromised populations. Patients with hematologic malignancies (especially
acute leukemias) undergoing intensive chemotherapy or hematopoietic stem cell transplan-
tation (HSCT), as well as solid organ transplant recipients, individuals with advanced HIV
infection, or those receiving high-dose corticosteroids or novel immunosuppressive agents
(e.g., targeted biologics), are at particularly high risk for IA [6]. In these groups, Aspergillus
remains one of the leading causes of infectious mortality [1].

Importantly, severe viral respiratory infections such as influenza and COVID-19 can
predispose even non-classically immunocompromised individuals to IA, particularly those
with acute respiratory distress syndrome (ARDS). In such cases, IAPA and CAPA have
been linked to poor outcomes, with mortality rates often exceeding 50% [2,3]. This evolving
risk landscape has prompted updates in diagnostic definitions and prevention strategies.
In 2020, the European Organization for Research and Treatment of Cancer and the Mycoses
Study Group (EORTC/MSG) consortium revised the definitions of invasive fungal disease
(IFD), expanding the list of host factors (e.g., solid organ transplantation, certain inborn
errors of immunity such as STAT3 deficiency) and introducing new microbiological cri-
teria (such as PCR testing on clinical specimens) to better identify probable aspergillosis
cases [6,7]. These updated definitions [7] offer a broader framework to recognize IA beyond
the classical population of hematologic patients, acknowledging that IA is now increasingly
reported in critically ill patients without prolonged neutropenia (e.g., ICU patients with
COVID-19) [8]. In parallel, guidelines have been developed for newly identified at-risk
populations. For instance, specific diagnostic criteria for CAPA have been proposed during
the pandemic [9], and antifungal prophylaxis recommendations have been formulated for
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patients with acute myeloid leukemia (AML) receiving novel targeted therapies, given the
persistent high risk of IFD in this context [10].

 

Figure 1. Spectrum of disease due to interaction between Aspergillus and the human host. The
inhalation of Aspergillus spp. airborne conidia can cause different categories of human disease
depending on the immunological status of the infected host. Among immunocompetent individuals,
diseases such as aspergilloma, tracheobronchitis, or chronic cavitary pulmonary aspergillosis (CCPA)
are typically caused by A. fumigatus, but other species such as A. niger, A. flavus, and A. terreus
may also be involved. In immunocompromised patients, IA is predominantly associated with A.
fumigatus, but emerging pathogens like A. terreus, A. nidulans, A. flavus, and cryptic species in the A.
fumigatus complex (e.g., A. lentulus, A. udagawae) have increasingly been reported, often associated
with intrinsic antifungal resistance. Conversely, patients with immune system hyperactivation may
develop allergic manifestations such as severe asthma with fungal sensitization (SAFS), allergic
bronchopulmonary aspergillosis (ABPA), and allergic fungal rhinosinusitis (AFRS), mostly related to
A. fumigatus and occasionally A. niger.

Here, we will specifically address three major categories of immunocompromised
hosts: people living with HIV, solid organ transplant recipients, and patients with hemato-
logic malignancies or post-HSCT. In addition, we will examine viral-associated pulmonary
aspergillosis, with a focus on influenza-associated pulmonary aspergillosis (IAPA) and
COVID-19-associated pulmonary aspergillosis (CAPA), which have emerged as distinct
clinical entities. Although these forms can also occur in patients with classical immunosup-
pression, they have been increasingly reported in critically ill patients without traditional
risk factors, suggesting a broader at-risk population [11].
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2. Microbiology, Transmission and Pathogenesis

Species in the filamentous fungal genus Aspergillus display a wide diversity of lifestyles
and are of great importance to humans [12]. On the other hand, several Aspergillus species
are known to cause human disease, including A. fumigatus, A. flavus, A. niger, A. terreus, A.
versicolor, A. ustus, A. lentulus, and A. nidulans (also known as Emericella nidulans). These
molds are ubiquitous in the environment and produce airborne conidia [13]. Aspergillus
species differ not only in pathogenicity but also in morphological characteristics, including
the size of their conidia, which may influence airborne dispersal and deposition in the
respiratory tract.

The conidial size of A. fumigatus, typically ranges from 2.0 to 3.5 μm, favoring deep
alveolar penetration [14,15]. In contrast, A. flavus conidia are generally 3.0–6.0 μm in diam-
eter, slightly larger and more irregular in shape [16]; A. niger and A. terreus produce conidia
of approximately 3.5–5.0 μm, which may deposit higher in the airways and cryptic species
such as A. lentulus and A. calidoustus often resemble A. fumigatus macroscopically, but have
slightly larger or more variable conidia (2.5–4.5 μm), requiring molecular identification
for accurate differentiation [17]. These variations in size can affect the aerobiology and
infectious potential of each species, with smaller conidia better suited to reach the terminal
alveoli—a key factor in the pathogenesis of invasive pulmonary aspergillosis (IPA) [18].
Humans inhale hundreds to thousands of these infectious propagules on a daily basis. Due
to their small size, Aspergillus spp. conidia can bypass mucociliary clearance and lodge in
the lower respiratory tract. In immunocompetent individuals, the coordinated action of
the respiratory epithelium, lung-resident macrophages, as well as recruited neutrophils
and monocytes clear conidia efficiently [19]. The removal of fungi from an infected host
depends on the rapid migration of a sufficient number of phagocytes to the site of infection
and the recognition of fungal PAMPs via PRRs (both soluble and membrane-bound). This
leads to the ingestion and, ultimately, the degradation of the ingested fungal cells within
the phagocytes [20]. A key aspect of this process is the maturation of conidia, which, upon
swelling, lose the thin hydrophobic RodA protein layer, a surface component of Aspergillus
that masks the immunogenic components of the cell wall, such as β-glucan. This allows for
increased exposure of fungal PAMPs, facilitating recognition by PRRs such as Dectin-1 and
Dectin-2. Dectin-1, expressed on macrophages, neutrophils, and dendritic cells, recognizes
β-glucan fragments on swollen conidia, mediating a prolonged inflammatory response
and the activation of immune cells. Similarly, Dectin-2, expressed on macrophages and
dendritic cells, binds fungal mannans, facilitating early recognition of conidia and the
subsequent recruitment of phagocytes [21].

CR3 (CD11b/CD18), a pattern recognition receptor expressed on phagocytes, binds
fungal chitosan and plays a critical role in orchestrating both phagocytosis and cytokine
release in response to Aspergillus [22]. A key molecule in this early recognition phase
is pentraxin 3 (PTX3), which enhances phagocytosis by binding to fungal surfaces [23].
Activated immune cells then release chemokines such as CXCL1 and CXCL5, which recruit
neutrophils to the site of infection. Other inflammatory mediators—such as leukotriene B4
(LTB4), complement component C5a, and galectin-3—further amplify neutrophil recruit-
ment and promote swarming behavior [24]. In addition to degranulation, phagocytosis,
ROS generation, and cytokine production, pathogen-induced activation of neutrophils also
initiates cellular processes to expel chromatin to the exterior for neutrophil extracellular
trap (NET) release. NETs also appear to modulate host immunity to A. fumigatus through
release of long pentraxin (PTX) 3 facilitating pathogen recognition [25,26].

Monocytes migrate into the alveolar space, where they differentiate into monocyte-
derived dendritic cells and collaborate with neutrophils to engulf Aspergillus conidia.
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Within the phagolysosomes, fungal killing is driven by reactive oxygen species (ROS)
generated by NADPH oxidase. The subsequent release of interleukins and other pro-
inflammatory mediators further amplifies the immune response by recruiting plasmacytoid
dendritic cells. These cells enhance the oxidative burst, promoting efficient conidial clear-
ance from the lungs [27,28].

Cell-mediated immunity plays a crucial role in antifungal immunity or allergy-
associated tissue damage. Fungal antigens are carried to lymph nodes, where they are
processed and presented by antigen-presenting cells, leading to the differentiation of naive
CD4+ T cells into distinct T-helper subsets. In the context of invasive aspergillosis, the func-
tional polarization of these T cells is critical in determining the outcome of infection. Th1
cells, characterized by T-bet expression and the production of interferon-gamma, promote
macrophage activation [29]. A robust Th1 response is generally associated with protective
immunity, and its deficiency correlates with increased susceptibility to IA.

For the Th17 cells, the differentiation is driven by innate cytokines such as IL-1α,
IL-1β, IL-6, and IL-23, which activate the lineage-defining transcription factor RORγT
(retinoic acid receptor-related orphan receptor gamma T). These Th17 cells secrete IL-17A
and IL-22, promoting neutrophil recruitment and strengthening epithelial barrier defenses
through the induction of antimicrobial peptides. While Th17 responses contribute to fungal
control in the early phases of infection, excessive or prolonged activation may lead to
immunopathology and tissue damage. Th2 responses, characterized by IL-4, IL-5, and
IL-13 production, are considered detrimental in IA, as they interfere with protective Th1
activity and may impair antifungal effector mechanisms.

Regulatory T cells (Tregs), defined by Foxp3 expression and the secretion of IL-10 and
TGF-β, act to restrain excessive immune activation and limit tissue damage. However,
in the setting of IA, an overabundance or overactivity of Tregs may suppress effective
Th1 and Th17 responses, contributing to fungal persistence. These observations highlight
the necessity of a balanced adaptive immune response in IA—one that ensures pathogen
clearance while preventing immune-mediated injury [30,31]. Fungal antigens are carried
to lymph nodes, where T helper cells differentiate into Tbet+ T helper 1 cells. These cells
then travel to the lungs to produce IFN-γ, activating macrophages antifungal functions.
Meanwhile, T helper 2 cells, which secrete IL-4, IL-5, and IL-13, are implicated in allergic
responses. Additionally, T helper 17 cells, through their secretion of IL-17, contribute to
certain antifungal activities [29].

3. Immunocompromised Patients

3.1. Hematologic Patients

The survival rates of patients with hematological malignancies have seen significant
improvements due to advancements in medication and supportive therapies, which have
also led to a rise in ICU admissions [32].

These patients are more susceptible to developing serious complications, one of which
is invasive fungal infections (IFI) [33]. IFIs are common in bone marrow transplantation
(BMT), with an incidence ranging from 5% to 20%. Risk factors include the development of
graft-versus-host disease, increased human leukocyte antigen mismatch, and co-infection with
respiratory viruses or cytomegalovirus (CMV). IA represents the most prevalent IFI among
recipients, accounting for 43% of cases, with A. fumigatus being the predominant species [34].

The diagnosis of IFI in hematology patients is associated with the highest mortality [35].
In Europe, 3.7% of ICU patients had proven or probable IA with an ICU mortality of

87–97% in immunocompromised patients [36,37] while the incidence among patients with
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leukemia is almost 12.7%, but the use of antifungal prophylaxis in high-risk patients has
modified this data [38,39].

All blood malignancies involve the immune system, which promotes the IFI devel-
opment for T cell dysfunction, hypogammaglobinemia, neutropenia due to bone marrow
involvement, and leukopenia due to chemotherapy or BMT.

As seen before, neutrophils are the first defense line against fungi: an absolute neu-
trophil count < 500/mm3 predisposes to infections as much as an average count but
immature neutrophils (acute myeloid leukemia) [40,41]. The most critical risk factor for IA
is prolonged and profound neutropenia. Neutropenia is frequent in patients with acute
leukemia or myelodysplastic syndrome (MDS) during remission induction chemotherapy
and in patients undergoing allogeneic HSCT. In the former, the period more susceptible to
IFI is the time until the first remission. In contrast, the next high-risk period in the latter
group follows the conditioning chemotherapy regimen.

A deficiency in lymphocyte production and trafficking and alterations in lymph
organ function, second line of defense against fungi, promote IFI in lymphocytic leukemia
involving innate and adaptive immunity [42,43].

In HSCT patients also, the type of immunosuppression can promote an impairment of
the host’s defense, and after neutropenia resolution, the development of a graft-versus-host
disease (GvHD) may require escalation of immunosuppression therapy, increasing the risk
of IFI. Other significant risk factors include renal or liver dysfunction as well as age over
50 years, and they represent the strongest mortality predictors among patients with acute
myelogenous leukemia (AML) post induction chemotherapy [44].

Signs or symptoms are not so specific in an early phase. The challenge in the manage-
ment of IA in hematologic patients is to early identify high-risk patients through host risk
factors, clinical criteria and microbiological criteria to make a presumed diagnosis to start
therapy and reduce mortality. A defined diagnosis can be made through autopsy or with a
positive culture of Aspergillus in a specimen obtained by biopsy or needle aspiration from
a sterile site that is clinically or radiologically abnormal in which hyphae or melanized
yeast-like forms are present.

The gold standard for diagnosing IA remains culture, as it allows precise identification
of the Aspergillus species, thanks to advancements in identification techniques, such as
the introduction of MALDI-TOF assay, as well as antimicrobial susceptibility testing of
the isolate. However, the diagnosis of IA is still challenging for several reasons: tissue
sampling may be difficult or contraindicated in patients with hemodynamic instability,
thrombocytopenia, or coagulation disorders; the sensitivity of cultures is often low and
may vary depending on the type and quality of the specimen, the timing of collection, and
the prior use of antifungal agents [45,46].

For this reason, indirect methods must be introduced, such as detecting galactomannan
(GM) or β-D-glucan (BDG) in serum, bronchoalveolar lavage (BAL), or polymerase chain
reaction (PCR) assay [7].

A recent systematic review by Bukkems et al. [47] describes GM antigen assay role in
invasive pulmonary aspergillosis (IPA) diagnosis in hematological patients, including all
IPA categories. Considering the type of patients, the type of sample analyzed, and the IPA
categories is essential to establish the sensitivity and specificity of GM assays. The results
show that for serum and BAL, an optical density index (ODI) of 0.5 and 1.0, respectively,
provides the best diagnostic accuracy with a sensitivity and specificity different for each
IPA category (Table 1).
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Table 1. Reliability of GM test with ODI 0.5 for serum/plasma and 1.0 for BAL.

Sample/Test Sensitivity Specificity

Serum/plasma
(proven/probable vs. no IPA) 76% 92%

Serum/plasma
(proven/probable/possible vs. no IPA) 45% 91%

BAL
(proven/probable vs. no IPA) 80% 95%

BAL
(proven/probable/possible vs. no IPA) 49% 95%

Without treatment, mortality for IA is 100% in these patients, while with antifungal
treatment the overall mortality is between 30% and 40% for AML and 60% for HSCT
patients [48].

3.2. HIV Patients

In the absence of treatment, HIV infection can cause marked deterioration of im-
mune function. The degree of immune suppression is directly linked to the emergence
of opportunistic infections, particularly when circulating CD4+ lymphocytes are below
200 cells/mm3. Among these infections, fungal diseases such as pneumocystosis, cryp-
tococcosis, histoplasmosis, and aspergillosis contribute significantly to morbidity and
mortality in individuals with AIDS [49].

Fungi belonging to the Aspergillus genus are responsible for a range of clinical syn-
dromes with varying degrees of severity in humans [50]. Individuals with advanced stages
of HIV are vulnerable to different manifestations of aspergillosis, including invasive forms,
atypical bronchial obstructions, and chronic pulmonary involvement. Although the lungs
represent the primary site of infection, dissemination to other organs such as the heart,
paranasal sinuses, kidneys, and central nervous system can also occur [51]. Superficial and
allergic forms, such as nail infections, keratitis, and outer ear involvement, are relatively
uncommon in this population, although some studies suggest keratitis may be slightly
more frequent in HIV-infected individuals [52].

In contrast to patients with neutropenia or those undergoing transplantation, in
whom the disease typically presents acutely, people with HIV (PWH) often experience
more protracted, subacute forms of infection. Nevertheless, both the acute and chronic
presentations may carry a significant risk of death [53]. The frequency of aspergillosis
in PWH has declined since the introduction of effective antiretroviral therapy, but the
infection still occurs [54,55]. An analysis of over 35,000 patients from a U.S. national
database reported an incidence of 3.5 cases per 1000 person-years [56], consistent with
other large-scale studies reporting incidence rates around 0.43% [54,55]. Neutropenia and
corticosteroid therapy were present in nearly half of all reported cases [53,55], and other
contributing factors include concurrent Pneumocystis jirovecii infection and CD4+ counts
below 50–100 cells/mm3 [57–63].

In their review, Doumbo et al. [64] described the epidemiological context in Mali,
where health systems are under strain due to high tuberculosis prevalence and a mod-
erate HIV burden. The estimated population of Mali was 21,251,000 in 2020 (UN), of
which 45% were children < 14 years of age. Among HIV-positive individuals, the less
frequently reported invasive fungal infections included IA (n = 1230), keratitis (n = 2820),
bloodstream Candida infections (>1060), and mucormycosis (n = 43). These numbers are
thought to underestimate the true burden of fungal infections due to insufficient access to
diagnostic resources.
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A study by Truda et al. [65], involving 25 HIV-positive patients (aged 23–58 years),
identified 11 cases of invasive and 14 cases of chronic pulmonary aspergillosis. The overall
prevalence in their cohort of nearly 20,000 individuals was 0.1%. Most patients with the
invasive form had CD4+ counts below 100 cells/mm3, whereas over 40% of those with
chronic disease had counts above 200 cells/mm3. A history of tuberculosis was common,
particularly among patients with chronic aspergillosis (85.7%). The diagnosis was generally
supported by radiological findings and culture positivity (71.4%). Crude mortality was
high: 72.7% in the invasive group and 42.8% in the chronic group. Despite its rarity (0.1%
in PWH), IA should be suspected in immunocompromised patients with unexplained
pneumonia refractory to conventional therapy, and chronic pulmonary disease should be
considered in those with respiratory decline and a previous history of tuberculosis.

In a systematic review, Yerbanga IW et al. [66] confirmed the presence of IA in Africa,
highlighting a substantial number of undetected cases. The review emphasized key differ-
ences in epidemiology between African countries and high-income settings and called for
more targeted surveillance in regions with growing numbers of at-risk individuals.

Denning et al. [67] analyzed 54 studies and identified 859 HIV/AIDS patients with as-
pergillosis. Among the 853 with available outcome data, 707 had died, corresponding to a
mortality rate of 83%. The majority of reported cases over the past 15 years occurred in un-
treated individuals, those with poor adherence to antiretroviral therapy, or in advanced stages
of immunosuppression, particularly when CD4+ counts were under 50 cells/mm3. Although
aspergillosis is no longer listed among AIDS-defining conditions, its high fatality rate in this
population underscores the importance of considering it in patients presenting with fever of
unknown origin and/or lung infiltrates, particularly when cavitary lesions are present.

3.3. Organ Recipients

Solid organ transplantation (SOT) has significantly improved the lives of individuals
with end-stage organ failure. Despite the success, SOT recipients are at a higher risk of
opportunistic infections due to long-term immunosuppression, with IA being a notable
cause of morbidity and mortality. The management of IA in SOT recipients remains
challenging despite advancements in transplant medicine and antifungal therapies.

A study conducted on a cohort of 960 cases with probable or proven IA, as reported in
the Prospective Antifungal Therapy Alliance (PATH Alliance) registry, revealed that 48.3%
of the individuals had hematologic malignancies, 29.2% were recipients of SOT, 27.9%
had undergone HSCT, and 33.8% were neutropenic. Among these patients, the prevalent
clinical manifestations of IA included IPA and rhinocerebral aspergillosis [68].

Despite a decline in mortality rates among transplant recipients in recent years from
65–92% to 22%, it is estimated that approximately 9.3–16.9% of all deaths occurring within
the first-year post-transplantation can still be attributed to IA [69].

3.4. Liver Transplant Recipients

Liver transplant (LT) recipients are at risk for IA, with a prevalence of 1.8%, according
to recent studies [68,70]. This population’s mortality rate associated with IA ranges from
50% to 100%. However, there has been a significant decrease in both the incidence and
mortality rates over the past decades, with the incidence dropping from 10% to 1.8% and
mortality declining from 100% to approximately 50% [68,70,71].

Despite these improvements, the mortality rates among LT recipients remain higher
compared to other transplant procedures [72]. IA manifests earlier in LT recipients than
in other SOT recipients, excluding the heart. The diagnosis is typically made within 17 to
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128 days post-transplantation, whereas for all SOT recipients the median time to diagnosis
is around 100 days [69,73–75].

Risk factors for IA in LT recipients include immune system dysregulation induced
by bacterial translocation, complement system insufficiency, monocyte suppression, and
impaired neutrophil phagocytosis. Management of LT recipients involves reduced levels of
immunosuppression, with some individuals potentially achieving immunological tolerance.
Corticosteroids have been identified as a risk factor for IA, while calcineurin inhibitors
exhibit activities against Aspergillus species [76–78].

Other risk factors for IA in LT recipients include pre-transplant hepatic failure, primary
allograft failure or dysfunction, re-transplantation, post-transplant dialysis, and elevated
transfusion needs. CMV infection has been associated with a higher likelihood of IA
occurring beyond 100 days post-transplantation, and a MELD score exceeding 30 is linked
to a heightened risk of developing IFIs [73,79–81]. Steroid boluses administered before
surgery were linked to an increased occurrence of IPA after transplant operations, with a
rate of 16% versus a mere 0.4% [70]. Additionally, a higher incidence of IFIs was observed
in patients who received corticosteroids or antibiotics within three months before surgery,
showing a significant difference (64% vs. 34% for corticosteroids and 61% vs. 31% for
antibiotics) [82]. Factors such as surgical durations longer than 11 h, extensive red blood
cell transfusions during surgery (with an odds ratio of 23.1), and plasma and platelet
transfusions were strongly associated with an increased risk of IFIs. Surgical procedures
such as [83–85] choledochojejunostomy and Roux-en-Y anastomosis were also associated
with a significantly higher risk of IFIs, two-fold and 16-fold, respectively [69,86]. In a
comprehensive study of 1730 patients undergoing LT, with subsequent development of
CNS lesions, 11 were found to have lesions due to infections. A. fumigatus was the most
common agent, typically appearing about 21 days after transplantation, with cases ranging
from 10 to 27 days post-operation [87].

3.5. Renal Transplant Recipients

The occurrence of IA in individuals who have received a kidney transplant (KT) is
reported to be between 0.7% and 4% [88,89]. Factors that elevate the likelihood of IA within
this group encompass the use of high doses of methylprednisolone, prolonged therapy
with corticosteroids, and the necessity for hemodialysis due to transplant failure [90].

Following SOT, particularly in the initial six months, there is a heightened use of drugs
that suppress the immune system. This period is notably vulnerable to opportunistic infections,
including IPA [91]. Despite this, recipients of KTs typically undergo a continuous treatment
regimen that includes corticosteroids, calcineurin inhibitors, and anti-proliferative agents [92].
Although KT recipients have a comparatively lower incidence of post-transplant IPA than
recipients of other transplants, the extension of KT survival has increased in older patients
undergoing prolonged intensive immunosuppressive treatment [93].

Although the risk of post-transplant IPA is lower in KT recipients compared to other
transplant recipients, advances in the longevity of KT recipients have led to an increasing
number of elderly patients receiving prolonged high levels of immunosuppression [94].
It has also been documented that significant risk factors for the development of IA after
KT include the receipt of methylprednisolone in doses greater than 3 g, prolonged use of
corticosteroids, and the need for hemodialysis following transplant failure [95,96].

3.6. Lung Transplant Recipients

In recipients of lung transplant (LT), IA emerges as the most common fungal infection.
Historically, the occurrence of this infection in LT patients was estimated to be between 4%
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and 23%. However, recent research indicates a decline in its prevalence [97]. The time from
LT to the development of IA has increased, a change attributed to the use of antifungal
prophylaxis early after transplantation. This has led to a shift in the median time of onset
of the infection from 120 days to 483 and 508 days post-transplant, respectively [98].

A. fumigatus is the primary fungal species responsible for IA in these patients. A study
tracking 900 adult LT recipients in various international centers for four years found that
79 individuals had 115 cases of infection. Another study of 251 patients showed that
Aspergillus was present in 86 (33%) cases, ranging from colonization to tracheobronchitis
and IA [98].

The significance of Aspergillus spp. colonization before LT remains controversial. Some
researchers emphasize its importance, particularly during the first-year post-transplant and
when colonization occurs within six months prior to surgery. However, other studies do not
support a clear link between pre-transplant colonization and post-transplant IA [99,100].

Other identified risk factors for IA in LT recipients include bronchial anastomotic leaks,
surgical site complications, airway narrowing, allograft dysfunction or ischemia, reperfu-
sion injury, CMV infection, bronchiolitis, and the need for increased immunosuppression
to prevent graft rejection [100].

Ischemic damage at the bronchial anastomotic site can lead to ulcerative tracheobron-
chitis, a form of IA, and potentially bronchovascular fistulas, which are associated with
serious bleeding risks [69,100]. Mortality rates for LT recipients with IA vary significantly,
from 23% to 29% in tracheobronchitis cases to 67–82% in severe pulmonary infections.
Nonetheless, some data suggest the mortality rate could be as low as 20%. Patients with
central nervous system involvement or disseminated disease generally have a poorer
prognosis [87].

3.7. Heart Transplant Recipients

The incidence of IA among heart transplant (HT) recipients is reported to be between
1% and 14%, with the risks for developing this condition differing based on whether it
occurs early or later after the transplant. Factors such as undergoing hemodialysis, needing
thoracic surgery again, and increased levels of immunosuppressive drugs are linked to
a higher likelihood of developing IA among these patients. Not all patients with IA will
show signs of neutropenia, making it essential to diagnose the condition through clinical
observation and imaging results. The most common presentation of IA in this group is IPA,
particularly within the first three months following a HT. On the other hand, cases of IA
that arise later tend to show a wider spread of the disease, including to the CNS and other
areas outside the lungs [100–102]. Research by Montoya and colleagues revealed that HT
patients with either form of aspergillosis did not have neutropenia. This underscores the
importance of considering IPA in patients who, despite not having neutropenia, exhibit
fever and respiratory symptoms, have positive cultures from respiratory secretions, and
show unusual patterns on lung scans, such as nodules, especially within three months after
their transplant [103].

A 2006 study highlighted a one-year post-diagnosis mortality rate of 67% among HT
patients with IA [104]. However, more recent data suggest a reduction in mortality to 38%,
indicating progress in managing this condition in the transplant population [102].

4. Coinfections

4.1. COVID-Associated Pulmonary Aspergillosis (CAPA)

Historically, the development of pulmonary aspergillosis was mainly linked to specific
conditions of profound immunosuppression, such as hematologic malignancies, stem
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cell transplantation, cytotoxic therapies, or prolonged use of corticosteroids and other
immunosuppressants. More recently, the spectrum of risk factors has widened to include
inherited immunodeficiencies and reduced lymphocyte subsets [58,105].

The COVID-19 pandemic has introduced new clinical scenarios. Infection with SARS-
CoV-2 is now recognized to induce complex immune dysregulation, affecting both T helper
1 and 2 responses [106–108]. Although a direct inhibitory effect on antifungal host defense
has not been definitively proven [109], there is growing concern that either the infection
itself or the immunomodulatory treatments commonly used—such as corticosteroids and
biological agents—may facilitate opportunistic fungal infections. This has prompted the
identification of a specific form of aspergillosis emerging in COVID-19 patients, termed
COVID-19-associated pulmonary aspergillosis (CAPA) [9]. However, evidence on the
prevalence and relative contribution of different risk factors in this setting remains limited.
Notably, in patients with COVID-19-associated acute respiratory distress syndrome (ARDS)
and concomitant severe infections, mortality has been reported to increase by 16–25% when
aspergillosis is present [110,111].

Montrucchio et al. highlighted the relevance of prolonged respiratory support, both
invasive and non-invasive, which is commonly required in severe COVID-19, as a potential
risk factor for CAPA [112]. Additional attention should be given to the possible role of
corticosteroids and immunobiological therapies in increasing both incidence and mortality.
Furthermore, the endothelial damage caused by SARS-CoV-2 [113] and its effects on the
host immune response [114] may contribute to increased susceptibility to fungal infections.

Environmental and logistical challenges in ICUs during the COVID-19 pandemic—
such as high patient volume, altered ventilation systems, structural renovations, and
extended use of isolation rooms—might also have played a role in promoting fungal
colonization and infection.

Chavda et al. reported a high prevalence of opportunistic fungal infections among
COVID-19 patients, particularly in the elderly population [115]. Data from the UK indicate
that individuals aged between 55 and 81 years represent the highest proportion of coin-
fected patients [116], while a Spanish study found the median age to be 62 years (range
48–74) [117]. In a retrospective cohort from a tertiary care center in North India, Paul et al.
documented that COVID-19 patients with diabetes mellitus were at significantly increased
risk of developing angio-invasive fungal infections [118]. A prospective study conducted
at the India Institute of Medical Sciences (AIIMS), in New Delhi, on ten patients with
subacute IPA, all with diabetes and steroid exposure, described cough—often preceded by
hemoptysis—as a typical symptom [119].

The diagnosis of CAPA remains challenging, primarily due to its clinical and radio-
logical resemblance to severe COVID-19 pneumonia. Moreover, conventional diagnostic
markers such as serum galactomannan may show reduced sensitivity in non-neutropenic
patients, as neutrophils can clear fungal antigens from the bloodstream before detec-
tion [120]. This has led to a disease course that, unlike classical angio-invasive aspergillosis
in neutropenic patients, is often initially limited to airway invasion for several days before
vascular dissemination occurs.

Two years after the onset of the pandemic, numerous epidemiological and observa-
tional studies continue to emphasize the clinical impact of SARS-CoV-2 in predisposing
patients to secondary fungal infections. The emergence of these coinfections appears to
be strongly influenced by the use of mechanical ventilation, intravascular catheters, and
immunosuppressive therapies [121].
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4.2. Influenza-Associated Pulmonary Aspergillosis (IAPA)

Influenza-associated pulmonary aspergillosis (IAPA) is an emerging complication of
influenza infection, often associated with Aspergillus tracheobronchitis [122,123]. It has
emerged as a significant complication in critically ill patients, particularly those admitted
to ICUs with severe influenza, markedly increasing influenza-associated mortality. Tra-
ditionally considered a concern limited to severely immunocompromised hosts, recent
evidence shows that IAPA can occur in non-neutropenic patients without classical risk
factors, expanding the at-risk population [11,124]. Recent cohort studies and meta-analyses
estimate the incidence of IAPA in ICU influenza patients to range between 10% and 20%,
with mortality rates frequently exceeding 50% [2,11,122,125]. In a large retrospective mul-
ticenter cohort by Schauwvlieghe et al., 19% of influenza ICU patients developed IAPA,
with a 51% mortality rate compared to 28% in those without aspergillosis [11]. Another
recent Swiss study confirmed a prevalence of ~11%, with early onset (within 72 h of ICU
admission), highlighting the aggressive and rapidly progressive nature of IAPA [124,125].
Pathophysiologically, influenza virus causes extensive damage to the respiratory epithe-
lium, disrupts mucociliary clearance, and impairs local immune responses, creating a
permissive environment for Aspergillus invasion. In addition, the viral infection induces
dysregulation of innate immunity, particularly of neutrophil and macrophage function,
while promoting excessive interferon-γ responses, which paradoxically impair antifungal
activity, resulting in a defective Th17-immune response, depletion of macrophages, and
impaired killing of Aspergillus conidia by macrophages [126]. However, recent experimental
evidence suggests that restoration of IL-17 signaling alone is insufficient to ensure adequate
fungal clearance during IAPA, indicating the involvement of additional immunological
impairments contributing to defective antifungal immunity [126]. Supporting this hypothe-
sis, Garcia et al. demonstrated in a murine model of IAPA that inhaled immunotherapy
with pattern recognition receptor (PRR) agonists effectively reactivated innate immune
responses, reversed profound immune paralysis, and improved Aspergillus clearance and
survival [127,128]. A growing body of evidence identifies asthma and inhaled corticosteroid
use as independent risk factors for IAPA, even in the absence of systemic immunosuppres-
sion [125]. Chronic pulmonary disease (e.g., COPD), male sex, and systemic corticosteroids
further increase susceptibility [122,125]. Diagnosis remains challenging, as clinical and
radiological findings of IAPA often overlap with those of viral pneumonia. Bronchoscopy
with bronchoalveolar lavage (BAL) is recommended when feasible. Galactomannan (GM)
detection in BAL fluid shows higher sensitivity than serum GM in IAPA patients [122].
Fungal culture, PCR, and β-D-glucan may provide supportive evidence. Management
includes early antifungal therapy, most commonly with voriconazole or isavuconazole.
Empirical antifungal treatment is often warranted in high-risk patients with persistent or
worsening respiratory failure. However, data on prophylaxis remain inconclusive: the
POSA-FLU trial assessing posaconazole prophylaxis in influenza ICU patients showed
limited benefit, suggesting the need for better risk stratification [129]. Outcomes remain
poor, especially when diagnosis is delayed or antifungal therapy is not promptly initiated.
Mortality rates are significantly higher in IAPA patients compared to influenza patients
without fungal co-infection, underscoring the need for heightened clinical awareness, early
diagnostic workup, and multidisciplinary management.

5. Diagnosis

Because of the paucity of clinical signs and the limited sensitivity and/or specificity of
radiology and mycological tests, the diagnosis of IPA is graded according to a scale of probability
(possible, probable or proven) of disease [46,130]. The first version of definitions of invasive
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fungal infections (IFIs) for clinical and epidemiological research published in 2002 by a consensus
group of the EORTC/MSG, refers to immunocompromised patients with cancer and HSCT [131].
In 2008, they had an update [132] in which data were insufficient to establish a threshold for
Aspergillus GM, and the diagnostic role of 1,3-beta-D-glucan (BDG) was uncertain.

It is pertinent to mention that the updated 2019 European Organization for Research
and Treatment of Cancer/Mycoses Study Group Education and Research Consortium
(EORTC/MSGERC) consensus definitions for invasive fungal disease (IFD) now include:
(i) Aspergillus PCR and (ii) the molecular detection of fungal (Aspergillus) DNA in tissue, as
diagnostic criteria for IA [45].

The 2020 Committee’s update tried to incorporate all these new findings [7,133,134]
(Figure 2).

For IFI, as well as for aspergillosis, the definitions assigned three levels of probability
to the diagnosis: for proven infection, it is necessary to confirm the presence of fungi
in a sterile material during the microscopic exam with alterations in tissue structure as
illustrated in Figure 3.

Figure 2. Criteria for probable aspergillosis diagnosis in patients admitted in ICU. Various criteria
have been proposed for diagnosing probable aspergillosis in different patient populations. Mod-
ified AspICU criteria 2021 and FUNDICU criteria 2024 are applied to non-immunocompromised
individuals. The EORTC/MSGERC criteria are used for immunocompromised patients and rely on a
combination of host factors, clinical and radiological evidence, and microbiological and histopatho-
logical findings to achieve a rapid and accurate diagnosis. For a proven diagnosis of aspergillosis,
identification of Aspergillus is required through microscopic analysis of sterile material, histopatho-
logical or cytopathological examination, or direct microscopic examination of a specimen obtained
via needle aspiration or biopsy. Possible aspergillosis requires at least 1 host factor and 1 clinical
criterion without any mycological criteria. CSF: Cerebrospinal fluid.

For probable infection, the presence of at least one host factor, one clinical criterion and
one mycological criterion is required, while the absence of mycological criteria classified
the case as possible infection.

It is important to underline that these guidelines refer to the immunocompromised
population and not to the subset of critically ill patients in the ICU who do not fulfil the
EORTC/MSG host factors [45].

The population of non-neutropenic, critically ill adult patients is highly heterogenous,
including medical and surgical patients, with a wide range of baseline comorbidities and
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predisposing conditions for IFD (i.e., chronic obstructive pulmonary disease, long-term steroid
therapy, hepatic cirrhosis, dialysis, near drowning, or diabetes, sepsis due to bacterial, viral, or
parasitic agents, and severe postsepsis immunoparalysis) [68,133]. To address this diagnostic
gap, alternative algorithms have been developed. In 2012, the AspICU, and subsequently in
2021, the Modified-AspICU (M-AspICU) algorithm, were proposed to improve IA diagnosis in
the ICU settings by substituting the host factors with Aspergillus-positive lower respiratory tract
specimen culture [7,133,134]. The AspICU criteria consider a combination of clinical signs (such
as fever or respiratory deterioration), abnormal imaging, microbiological evidence (including
positive culture for Aspergillus spp. from lower respiratory tract samples), and host factors not
limited to classical immunosuppression [7,133,134].

Figure 3. Direct microscopic diagnosis of IA in three immunocompromised patients. (a) Patient n.
1 HSCT recipient presenting IA and a granulomatous reaction with giant cells (black arrow) sur-
rounding Aspergillus hyphae on the surface of the pleura. (a1) Splendor Hoeppli phenomenon (black
circle) around the hyphae. This phenomenon consists of radiating eosinophilic material at the lesion’s
periphery and is typical of chronic granulomatous lesions. (a2) Detail of (a1): Splendor Hoeppli
phenomenon with septated hyphae and conidial heads. (a3) Cardiac dissemination of Aspergillus
hyphae dissecting myocardial fibers with neutrophilic inflammation (myocarditis). (a4) Hyphae
of Aspergillus highlighted by histochemical reaction of Grocott-Gomori methenamine silver (GMS).
(a5,a6): (a5) hematogenous spread of Aspergillus in IA. (a6) Hyphae within a vascular lumen high-
lighted by GMS. (b) Patient n. 2 with AIDS presenting necrotizing pseudomembranous bronchitis
with pseudomembrane of Aspergillus in bronchial wall eroding the epithelium (black circle; exudate
of necrotic tissue, inflammatory cells, fungal hyphae and conidial heads). Figure (b1,b2) show an
enlargement of figure (b) of the typical branching at acute angle shape (45◦) of the Aspergillus hyphae
with conidial heads. Hyphae of Aspergillus are branching (b1) and septated (b2). (c) Patient n. 3
positive to SARS-CoV-2 with necrotizing pseudomembranous bronchitis. The fungus plug (black
arrow) completely occludes the airway lumen. Post-mortem artifacts are present. (c1) Enlargement of
pseudomembrane of Aspergillus growing along the surface of the bronchial mucosa and eroding the
epithelium (black arrow; exudate of necrotic tissue, inflammatory cells, fungal hyphae and conidial
heads). (c2) Detail of (c1): fungal hyphae and conidial heads (red arrow) eroding the mucosa (black
arrows). Images were taken from the hospital archive.
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More recently, to overcome the limitations of AspICU and to further refine the diag-
nostic classification in ICU settings, the Invasive Fungal Diseases in Adult Patients in ICU
(FUNDICU) project was conceived with the aim of developing a standard set of definitions
for IFD in non-neutropenic, ICU patients outside the classical immunocompromised pa-
tient populations, which could improve the generalizability and comparability of research
results [68]. The FUNDICU proposes a more nuanced categorization of fungal infections in
ICU patients into three levels: proven, probable, and possible IFD, based on a combina-
tion of clinical, radiological, and microbiological findings. Unlike the AspICU algorithm,
FUNDICU incorporates advanced diagnostic tools such as galactomannan, β-D-glucan,
and PCR from respiratory or blood samples, and recognizes viral coinfections (notably
influenza and SARS-CoV-2) as host risk factors for probable IFD [68]. By adapting the diag-
nostic criteria to the reality of ICU patients, FUNDICU aims to facilitate early recognition
of fungal infections and improve the standardization of clinical research endpoints in this
high-risk population (Table 2).

Table 2. Comparison of Diagnostic Criteria: EORTC/MSGERC 2020 vs. Modified AspICU 2021 vs.
FUNDICU 2024.

EORTC/MSGERC (2020) Modified AspICU (2021) FUNDICU (2024)

Target population
Severely immunocompromised (e.g.,

neutropenic, HSCT, hematologic
malignancies)

Non-neutropenic ICU patients
All critically ill ICU patients,

included non-classically
immunocompromised

Diagnostic categories Possible, Probable, Proven Proven, Probable,
Colonization Possible, Probable, Proven

Required clinical
criteria

Not central: diagnosis mostly relies
on host factors, imaging and

microbiological criteria

Yes: fever, respiratory
symptoms, worsening

oxygenation

Yes: detailed ICU-adapted
criteria (e.g., sepsis, new

infiltrates, secretions)

Radiological criteria
Yes: typical signs such as halo, air

crescent, cavitation
Yes: infiltrates or new lesions

consistent with infection
Yes: including HRCT or other
imaging compatible with IPA

Microbiological
criteria

Positive culture from sterile site or
BAL

GM index ≥ 0.5 in serum
GM index ≥ 1.0 in BAL

Positive PCR histopathology showing
hyphae with tissue damage

BAL/tracheal culture
GM in BAL (ODI ≥1.0)

PCR optional

Culture
GM (BAL ODI ≥ 1.0, serum

ODI ≥ 0.5)
BDG (>80 pg/mL)

PCR on blood or BAL
histopathology if available

Included host factors

Strict: Neutropenia
(ANC < 500 cells/μL for >10 days),

allogeneic HSCT, prolonged
corticosteroids, T-cell

immunosuppressants, inherited
immunodeficiencies, solid organ
transplant, recent chemotherapy,

GVHD, or treatment with
anti-cytokine biologics

ICU-specific: prolonged
mechanical ventilation, ARDS,

chronic lung disease

Broad: includes viral
pneumonia, immunotherapy,
ARDS, prolonged ICU stay,

chronic lung disease

Advanced diagnostic
techniques (PCR,

BDG, GM)
Yes (GM, BDG, PCR, histopathology) Partially, BAL GM included,

PCR optional
Yes, required for Probable

classification

Recognition of viral
co-infections

No Partially: influenza included,
COVID-19 not systematically

Yes: COVID-19 and influenza
recognized

Validation and
intended use

Standard in trials and guidelines for
immunocompromised patients

Used in ICU research,
CAPA/IAPA definitions

Built by international
consensus, intended for ICU

clinical research and
standardization
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The gold standard for diagnosing aspergillosis is a sterile sample biopsy obtained
through bronchoscopy, surgical procedure, or trans-thoracic needle. These procedures can
have some executive limitations due to hemodynamic instability, coagulation disorders, or
respiratory failure of these patients [124,133,134].

For this reason, the diagnosis should start with the clinical evaluation of patients (host
factors, symptoms, and signs of presentation), followed by the execution of diagnostic tests
to confirm or not the probability of having aspergillosis.

Usually, clinical presentation involves the pulmonary system with cough, respiratory
distress, and dyspnea. Fever and resistance to antibiotics is another sign that is not specific.
Chest pain or hemoptysis are frequent in case of angio-invasive growth, which can promote
the dissemination to other organs: CNS with convulsions, meningitis, and other clinical
manifestations with a bad prognosis [135]. A new radiologic finding or persistent chest
infiltrates despite antibiotics should raise suspicion of a superimposed fungal infection.

The role of imaging is to detect typical features to make an early diagnosis of IPA,
evaluate the progression, and detect complications. Computed tomography (CT) is the
preferred method of diagnosis and follow-up. A non-contrast CT was performed initially,
but the contrast is necessary to detect the angio-invasion in the lesion. Radiologic pre-
sentation varies about the immune status of patients. Specifically, pulmonary nodules
can be observed in both neutropenic and non-neutropenic patients, with a distribution
reflecting the infection’s behavior (airway invasive or angioinvasive). These nodules may
be associated with a halo sign, which, though not specific, serves as an early radiological
indicator, particularly in the presence of host risk factors such as neutropenia. The halo sign
has a high positive predictive value for diagnosing IPA and is associated with a favorable
prognosis. The cavitation or air crescent sign appears later in the infection and is indicative
of immune recovery. Other radiologic features linked to pulmonary nodules include hypo-
dense signs and transfissural extension. Consolidation, with or without the reverse halo
(atoll) sign or vascular occlusion sign, is another pattern observed in neutropenic patients,
though it is not exclusively associated with aspergillosis [136–138].

GM is a polysaccharide in the cell wall of Aspergillus spp., incorporated into the wall
during fungal growth and released into the circulation when fungus invades the endothelial
compartment. There are some differences between the release of GM in neutropenic hosts
versus glucocorticoid-treated hosts. In the former, the infection shows an extensive angio-
invasion and a high fungal burden; in the latter, the opposite has a significant inflammation
role. This evidence explains the differences in the circulating GM amount in these two
groups: high in neutropenic and low in steroid-suppressed patients. Platelia Aspergillus
sandwich enzyme immunoassay is used to detect GM: a monoclonal antibody derived from
rats binds to the GM molecule, so the presence of the antigen in the specimen produces a
monoclonal antibody-GM-monoclonal antibody complex and the positivity of the test is
revealed by the addition of a chromogenic substrate. The value is expressed as ODI.

A positive serum result should be based on a cut-off GM index ≥ 0.5 after testing
two separate serum samples or a single sample with a value of ≥1.0 [139].

A positive result on BAL fluid should be based on a cut-off GM index ≥ 1.0 after testing
two aliquots of a single BAL fluid sample [140]. GM testing sensitivity and specificity
depend on the cut-off level used, patient population, and immune status of the host; in
particular, its sensitivity in neutropenic patients is higher than in ICU patients without
traditional risk factors. Anti-mold prophylaxis/treatment can reduce the sensitivity of the
GM assay. It has a prognostic role with a reduction in its value from 7 to 14 days. False
negatives are possible in patients treated with antifungal therapy. At the same time, false
positives are feasible in patients with another fungal infection. It can be examined on
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plasma or BAL, and it demonstrates a relatively high negative predictive value (>90%) with
a relatively low positive predictive value (<50%) [140].

Results have shown that patients without clinical signs have tested positive for GM,
including those who were taking piperacillin/tazobactam, beta-lactams, and other antibi-
otics. Additionally, patients who were receiving total parenteral nutrition or crystalloid
solutions also had false-positive GM results. Furthermore, patients with mucositis or
an altered intestinal barrier displayed false-positive GM results due to dietary factors or
glucose-containing solutions [141].

1,3-BDG is a cell wall component; it is not specific for Aspergillus but is released during
IFI. There are many assays, but the guidelines suggest the use of Fungitell®. This assay uses
a modified pathway in the Limulus Amebocyte lysate (LAL) test by removing factor C from
LAL; in the absence of factor C, the coagulation cascade is activated only by the presence
of 1,3-BDG; the activity can be measured with a colorimetric method. The positivity is
established by a cut-off of ≥80 ng/L detected in at least two consecutive serum samples.
Another assay, such as Dynamiker® Fungus (1-3)-β-D-glucan assay (DFA), uses a cut-off
lower than Fungitell, 20 pg/mL. Many studies investigated how accurately BDG tests
can detect IFI in ICU patients. The results show that there is a lot of variation in how
sensitive and specific the tests are. In ICU patients, false positive results can occur due to
various clinical factors and conditions such as the use of surgical gauzes, renal replacement
therapy, albumin transfusion, and broad-spectrum antibiotics. The specificity and PPV
of the test can be improved by conducting 2 consecutive BDG tests, without significantly
impacting the NPV. Additionally, combining BDG testing with other fungal biomarkers,
such as Candida albicans germ tube antibody (CAGTA), or using clinical prediction rules,
like the Candida score, may enhance the test’s effectiveness. As the NPV is generally high, a
negative BDG result can be used to stop or not start empirical antifungal therapy. However,
the role of a positive BDG result in prompting pre-emptive antifungal strategies is less clear
because of the relatively low PPV [142].

False positives are frequent in patients receiving albumin, hemodialysis with cellulose
membranes, intravenous immunoglobulin and intravenous amoxicillin-clavulanic acid.

PCR-based methods could be applied to any specimen, showing high sensitivity and
specificity for detecting Aspergillus DNA. There are several assays with a comparable level
of sensibility and specificity. Sensitivity is lower in serum samples than in respiratory
specimens, and performance can be reduced in patients with antifungal prevention or
treatment. They are also different in the type of population examined. The MycAssay
Aspergillus® and the AsperGenius® assay are recommended for PCR detection of Aspergillus
spp. DNA in respiratory samples. These assays are helpful in the case of antifungal
resistance in Aspergillus spp. They show a sensitivity of almost 78% and a specificity
100% [143].

A novel lateral flow device using an Aspergillus-specific monoclonal antibody rep-
resents a point-of-care diagnosis of IA. It is quick and cheap. It detects an extracellular
glycoprotein secreted by Aspergillus spp., during active growth. Serum and BAL are the
samples, but it is possible to have a cross-reactivity with Penicillium. The main diagnostic
tests for aspergillosis, excluding culture-based methods, are summarized in Table 3.

Novel biomarkers or targets based on IA pathogenesis have been studied to discrim-
inate Aspergillus infection from those without disease. The rationale is the expression of
immune receptors by immune cells involved in the first line of defense against inhaled
fungal spores. Cytokine profiles in BAL samples from IPA patients were compared to the
control, and the best cytokine was IL-8 with elevated sensitivity (90%), specificity (73%)
and NPV (88%) [144].
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Table 3. Non-culture test characteristics.

GM in Serum
Samples

GM in BAL
Samples

1,3-β-D-Glucan
Molecular Methods

(PCR)
Lateral Flow Device

(LFD) Assay

Best performance in
neutropenic patients

(ODI > 0.5 in
two samples)

Useful in
non-neutropenic

patients (no positive
serum GM)

Nonspecific marker

Detection of several
Aspergillus spp. in im-
munocompromised

individuals

Aspergillus-specific
monoclonal antibody
for the detection of

an extracellular
glycoprotein secreted

by Aspergillus spp.,
during active growth

Screening test in
patient at risk

Cut-off not
established: 0.5 USA
versus 1.0 Europe in

relation to
patients’ risk

High NPV, useful as
screening in

high-risk patients

Early diagnosis with
a high NPV, high

sensitivity

Serum and BAL are
the samples

Serum GM present
5–8 days before

clinical
manifestations

Performance test
depends on

technique used for
BAL procedure

(sterile saline volume
instilled during
bronchoscopy,

volume and type of
collected BAL fluid),
mold prophylaxis or

therapy, risk of
fungal colonization

It allows to quantify
and to recognize

Aspergillus species

Cross-reactivity with
Penicillium

Serum GM should
not be used on

patients at risk but
on mold active

prophylaxis

Major sensitivity
than serum GM

assay with a
high PPV

High cost and
technical difficulties

Rapid and
cost-effective

Another biomarker is triacetyl-fusarinine C (TAFC), a fungal molecule produced by
some molds. One of these is A. fumigatus. It is a secreted siderophore that can be used
as a biomarker. In fact, its detection in bodily fluids (e.g., serum, BAL or urine) may aid
the diagnosis of IA and represents a promising tool to support the early identification
of IPA in high-risk patients; if it has been combined with GM-BAL, the sensitivity and
specificity of GM increased [145], but other studies have shown it has no benefit for IPA
diagnosis, so its role is controversial. However, TAFC can be measured in urine samples
with mass spectrometry.

In case of suspected fungal pneumonia, Aspergillus volatile organic compounds,
secondary metabolites of varied chemical nature, can be detected in breath: α-trans-
bergamotene, β-trans-bergamotene, β-vatirenene-like sesquiterpene or trans-geranyl ace-
tone identified in IPA patients with a sensitivity and specificity of 94% and 93%, respec-
tively [146]. Other studies are necessary to define their roles in diagnostics.

Proteome analysis of BAL shows host and fungal proteins expressed during IPA,
which in the future can represent novel biomarkers in Aspergillus diagnosis [147].
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6. Antifungal Prophylaxis and Pre-Emptive Treatment Versus
Antifungal Therapy

The rising number of immunocompromised individuals has led to an increased risk
of IFIs, which are associated with a high mortality rate due to various complications. The
development of novel chemotherapy agents and immunosuppressive drugs has improved
outcomes but also increased susceptibility to IFIs [148].

All of these factors must be taken into account when assessing a high-risk patient, in
order to establish a treatment plan that selects the appropriate therapeutic regimen. This
includes choosing the right drug based on its potential drug-drug interactions, efficacy,
tolerability, and toxicity, while taking into account emerging pharmacological resistance
and the introduction of drugs targeting novel molecular and immune pathways [10,149].

In certain cases, antifungal prophylaxis may be considered for patients without signs
or symptoms of fungal disease. It is essential to balance the risk of drug-induced side effects
and resistance with the potential benefits in terms of increased survival rates. Pre-emptive
treatment involves administering antifungal therapy to a population based on laboratory
tests that indicate early signs of IFD. Empiric treatment, on the other hand, is administered
to patients at risk of fungal infection who present with fever as a sign or symptom of
IFD [10].

Different antifungal treatments are available against Aspergillus spp. Polyenes such
as amphotericin B deoxycholate (AmB) were the first agent substituted by triazoles for
their superiority and less toxicity [150]. Initially, voriconazole proved to be superior to
amphotericin B in the treatment of IA, also showing fewer side effects [150]. Subsequently,
among azoles, isavuconazole demonstrated non-inferiority compared to voriconazole [151],
with fewer adverse events, a better pharmacokinetic profile. Finally, posaconazole also
showed non-inferiority to voriconazole [152]. Moreover, lipid formulations of AmB, which
are less nephrotoxic, are an alternative when voriconazole and isavuconazole are not tol-
erated or contraindicated. Voriconazole and isavuconazole are available in oral (po) and
intravenous (IV) formulations. They represent the primary regiments in IA therapy. A
loading dose is necessary for voriconazole: 6 mg/kg IV every 12 h for two doses, followed
by 4 mg/kg every 12 h. Therapeutic drug monitoring (TDM) is recommended due to
its complex metabolism and numerous drug—drug interactions (DDIs), primarily due to
its inhibition of CYP450 enzymes. These interactions can significantly alter the plasma
concentrations of both voriconazole and co-administered drugs, potentially leading to
important clinical consequences [10]. On the other hand, isavuconazole has a more pre-
dictable pharmacokinetic profile and a lower potential for DDIs compared to other azoles.
Although it is a moderate inhibitor of CYP3A4, its interaction profile is generally more
favorable, making it a safer option in patients receiving multiple concomitant medications.
Nonetheless, caution is still required when isavuconazole is co-administered with strong
CYP3A4 inhibitors or inducers, as these can affect its plasma levels. Hence, TDM is not
always required except in specific situations. For isavuconazole, a loading dose is also
needed (372 mg po/IV q8h × 6 doses), followed by 372 mg po/IV daily [153]. This antifun-
gal agent helps decrease susceptibility to other triazoles, as it shows fewer adverse effects
and DDI than voriconazole [151]. Posaconazole is a triazole studied for IFI prophylaxis in
high-risk patients and as salvage therapy in refractory fungal infections [154]. Itraconazole
is used in non-invasive or chronic forms of aspergillosis or following intolerance or toxicity
to other triazoles.

Echinocandins such as caspofungin, micafungin and anidulafungin, available in
intravenous formulation, are not recommended as first-line agents but as salvage therapy
or in combination with other drugs [155,156].
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Combination therapy is a strategy to improve patient outcomes and overcome antifun-
gal resistance, which is often caused by mutations in the target site of triazoles (CYP51A).
These mutations can occur due to prolonged therapy or in regions where azoles are used
on agricultural products [154,155]. In the presence of azole-resistant infection, lipid AmB
with azole or echinocandin have been proposed [156].

In the treatment of aspergillosis in immunocompromised patients, we should consider
the different antifungal treatment approaches, evaluate the efficacy of trials of specific
drugs in this particular setting, and consider the pharmacological aspect of the available
drugs to minimize pharmacological exposure and limit adverse effects [157].

7. Antifungal Resistance

7.1. Amphotericin B

Amphotericin B exerts its antifungal activity by binding to sterols, particularly ergos-
terol, a key component of the fungal cell membrane. This interaction disrupts membrane
integrity through the formation of transmembrane pores, leading to increased permeability
and the consequent leakage of intracellular ions and cytoplasmic contents. This membrane
dysfunction ultimately results in fungal cell death. Additionally, amphotericin B may
induce oxidative stress by generating reactive oxygen species (ROS), further contributing
to cellular damage [158,159]. Generally, resistance to amphotericin B is quite rare [160].

Among non-fumigatus Aspergillus species, resistance to amphotericin B is mainly ob-
served in A. terreus known to exhibit intrinsic resistance, although the underlying molecular
mechanisms remain unclear and A. flavus. It has been hypothesized that the increased use
of amphotericin B, partly driven by the emergence of azole-resistant A. fumigatus, may
have contributed to the selection and rise of amphotericin B resistance isolates in recent
years [158].

7.2. Azoles

Since the late 2000s, azole resistance in A. fumigatus has emerged as a serious global
concern due to increasing reports of therapeutic failure. Although resistance can develop
during antifungal treatment, particularly in patients receiving long-term therapy, envi-
ronmental exposure to agricultural azole fungicides is considered the primary driver of
resistance selection [149,161–163].

Azoles act by inhibiting lanosterol 14α-demethylase, an enzyme encoded by the
cyp51A gene, which is essential for ergosterol biosynthesis. Inhibition leads to the accumu-
lation of toxic 14α-methyl sterols, compromising membrane structure and function, and
ultimately impairing fungal growth [149,161,162].

Mutations in cyp51A—especially nonsynonymous point mutations—are strongly
associated with azole resistance. These mutations can reduce drug binding or uptake,
conferring variable resistance profiles [149,161,162].

Due to the natural process of asexual sporulation, A. fumigatus populations can harbor
diverse genetic variants, including both azole-susceptible and -resistant strains within
the same host. This genetic heterogeneity complicates treatment and contributes to the
persistence of resistant clones [149,161,162].

7.3. Echinocandins

Echinocandins inhibit β-(1,3)-D-glucan synthase, an enzyme involved in fungal cell
wall synthesis. Against Aspergillus spp., echinocandins exhibit only fungistatic activity,
which limits their utility as monotherapy. They are primarily employed in combination with
azoles or polyenes to achieve a synergistic antifungal effect. Resistance to echinocandins
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among Aspergillus spp. remains rare but should still be monitored, especially in cases of
prolonged exposure or combination therapy [158,164].

8. Conclusions

In recent years, our understanding of pulmonary aspergillosis in immunocompro-
mised patients has significantly evolved. This narrative review highlights the emergence
of new host populations at risk—including non-neutropenic ICU patients and individ-
uals with viral infections such as COVID-19 and influenza—who present with atypical
forms of invasive aspergillosis. Diagnostic approaches have progressed beyond traditional
culture-based methods, combining different tools such as galactomannan, 1,3-β-D-glucan,
PCR, and lateral flow assays. Nevertheless, significant diagnostic delays persist, especially
in non-classical hosts, due to limitations in specificity and accessibility of these tools in
critically ill patients.

Currently, treatment options for invasive fungal diseases (IFDs) remain limited, and
resistance to existing antifungal agents is increasingly common among pathogenic fungi.
In particular, the emergence of azole-resistant A. fumigatus represents a significant public
health concern in Europe [158]. Globally, it is estimated that up to 19% of A. fumigatus
infections are resistant to azole therapy [165].

The growing threat of azole resistance in A. fumigatus is mirrored by a broader rise
in antifungal resistance across non-fumigatus Aspergillus species and cryptic isolates that
can also be intrinsically resistant to antifungal therapies. These developments highlight
the urgent need for advanced molecular diagnostics and routine susceptibility testing to
ensure timely and appropriate therapeutic decisions.

A new promising drug, Olorofim, has been developed. It is the first antifungal
agent in the orotomide class and has demonstrated activity against fungi resistant to
approved treatments. It acts by disrupting fungal pyrimidine biosynthesis, ultimately
causing cell death. Preliminary data showed the efficacy and the safety of Olorofim for the
treatment of IFD in patients with few or no treatment options [166]. Advances in antifungal
pharmacology includes also newer triazoles and combination therapies that are reshaping
treatment strategies but require further validation in high-risk populations.

Ultimately, improving outcomes for immunocompromised patients with aspergillosis
demands a multidisciplinary approach: integrating early risk stratification, timely use of
molecular diagnostics, and personalized antifungal treatment. Future research should
prioritize prospective studies in emerging risk groups, standardized diagnostic criteria for
ICU populations, and strategies to mitigate antifungal resistance globally.
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Abstract: Candida parapsilosis has emerged as a prominent cause of nosocomial candidemia,
particularly among critically ill patients. The increasing prevalence of fluconazole-resistant
C. parapsilosis (FR-Cp) poses major therapeutic challenges, especially in resource-limited
settings. We conducted a retrospective study of 144 patients with C. parapsilosis can-
didemia admitted to two post-surgical ICUs at a Brazilian tertiary cardiothoracic hospital
between 2016 and August 2024. Demographic, clinical, microbiological, and therapeutic
data were analyzed. Predictors of 30-day mortality were identified through multivariate
logistic regression. The incidence density of C. parapsilosis candidemia ranged from 2.93 to
8.31 per 1000 hospitalizations. Fluconazole resistance was identified in 81% of isolates.
Overall 30-day mortality was 55%. Independent risk factors for mortality included car-
diopathy (OR: 19.36, p = 0.006), higher SOFA scores (OR: 1.54, p = 0.003), parenteral nutrition
(OR: 29.77, p = 0.013), and dialysis (OR: 6.59, p = 0.043), while longer treatment duration was
protective (OR: 0.81, p < 0.001). Fluconazole resistance was not independently associated
with increased mortality. In this cohort of critically ill patients, C. parapsilosis candidemia
was associated with high mortality and a high prevalence of fluconazole resistance. Clinical
outcomes were mainly driven by host-related and therapeutic factors rather than antifungal
resistance alone.
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1. Introduction

Over the past decades hospital fungal infections have significantly increased, with
Candida spp. accounting for approximately 80% of nosocomial fungal infections [1]. C. albi-
cans has historically been the most prevalent species in nosocomial infections, with regional
variations in prevalence rates [2,3]. However, non-albicans Candida species, particularly
C. parapsilosis, have emerged as significant pathogens over recent decades, becoming a
leading cause of candidemia worldwide [4]. In Brazil, studies at major hospitals, such
as the Hospital das Clínicas of the University of São Paulo, have documented the evolv-
ing epidemiology of C. parapsilosis, highlighting its increasing incidence and its ability to
form biofilms on medical devices, which is often linked to healthcare-associated transmis-
sion [5,6].

The emergence of fluconazole-resistant C. parapsilosis (FR-Cp) strains has become a
major global concern. Although historically considered susceptible to azoles, increasing
resistance has been reported in recent years in several regions, including Latin America,
southern Europe, and Asia. High resistance rates have been described in single-center
studies from Brazil (67.9%), South Africa (78%), Mexico (54%), Turkey (26.4%), Italy (33%),
France (9.2%), and, more recently, Spain, where a sharp rise from 3.8% in 2019 to 29.1%
in 2021 was documented. Similar trends have also been observed in other Mediterranean
countries such as Greece. Resistance is mainly driven by ERG11 gene substitutions, particu-
larly Y132F, associated with clonal transmission and persistent hospital outbreaks [7–10]. A
meta-analysis estimated a global fluconazole resistance prevalence of 15.2%, underscoring
the emerging threat posed by FR-Cp [8].

Despite the growing recognition of C. parapsilosis as the second or third most prevalent
cause of candidemia in Brazilian hospitals, data on its epidemiology, resistance patterns,
and outcomes in critically ill cardiac patients remain limited. Specialized cardiologic
ICUs face unique challenges, including high surgical complexity, frequent use of invasive
devices, and prolonged hospital stays, which may contribute to increased fungal burden
and antifungal resistance. This study retrospectively investigates candidemia caused by
C. parapsilosis in two post-surgical ICUs at a major Brazilian tertiary cardiothoracic center.

2. Materials and Methods

This study aims to conduct a retrospective analysis of candidemia cases caused by
C. parapsilosis in cardiothoracic patients in two post-surgical Intensive Care Units (ICU) at the
Instituto do Coração do Hospital das Clínicas da Faculdade de Medicina da Universidade
de São Paulo, a Brazilian tertiary care cardiothoracic hospital performing approximately
2000 cardiac surgeries annually. Ethical approval for the study was obtained from the local
ethics committee (approval date: 3 July 2025; approval file: 7.686.849). The informed consent
was waived because this study was retrospective, with the review of medical records.

Data collection was conducted through an active surveillance in a database maintained
by the local hospital infection control service of the Heart Institute, which consolidates
the microbiological results of infections recorded within the service. All patients with
a positive blood culture for C. parapsilosis were included in the analysis. None of these
patients were excluded on the final analysis. Candidemia was defined as the isolation of
C. parapsilosis from blood culture, with only the first episode considered for analysis. A
second episode was defined as a new positive blood culture occurring after a period of
at least 30 days from the first episode [11]. Persistent candidemia was defined as positive
blood cultures for Candida species lasting for ≥5 days [12]. Effective therapy was defined
as the administration of a systemic antifungal agent with in vitro activity against C. parap-
silosis, receiving at least 48 h of antifungal treatment. Optimal therapy was defined as the
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combination of an echinocandin and early catheter removal, the latter considered when the
catheter was removed within ≤2 days after the candidemia diagnosis [13]. Prior antibiotic
use was defined as the administration of broad-spectrum antibiotics, including carbapen-
ems, ceftazidime-avibactam, polymyxins, aminoglycosides, glycopeptides, or linezolid.
Prior antifungal use was defined as the administration of any azoles, echinocandins, or
amphotericin. Both were considered in the last 30 days before candidemia.

This study comprehensively analyzed variables to characterize patients with can-
didemia caused by C. parapsilosis and to evaluate clinical outcomes in this population.
Demographic data included patient age, reported as the mean ± standard deviation, and
gender distribution, presented as the proportion of male patients. Clinical characteristics
encompassed comorbidities such as cardiac disease, lung disease, diabetes mellitus (DM),
chronic kidney disease, and immunosuppression, all documented if present at the time of
hospital admission. Additionally, cases of concurrent COVID-19 infection during hospi-
talization were recorded. The clinical course was further characterized by complications
associated with candidemia, including deep-seated infections, endophthalmitis, endocardi-
tis, sternal osteomyelitis, and intra-abdominal infections. The study also evaluated the use
of mechanical ventilation, vasoactive drug therapy, dialysis, and parenteral nutrition. Dialy-
sis, total parenteral nutrition (TPN), and mechanical ventilation were considered if patients
underwent these interventions up to the date of candidemia diagnosis. Sequential Organ
Failure Assessment (SOFA) score and the use of vasoactive drugs were assessed on the date
of candidemia diagnosis. Key laboratory findings included platelet count, creatinine levels,
bilirubin levels, leukocyte count, neutrophil count, and C-reactive protein (CRP) levels
within a 7-day window before or after the day of candidemia diagnosis. Echocardiography
and fundoscopy were considered for analysis only if performed at least 72 h after the date
of candidemia diagnosis. The study evaluated antifungal therapies prescribed, including
fluconazole, echinocandins, and amphotericin B, as well as the adequacy of treatment.

The collected samples were sent to the Microbiology Laboratory of the Central Labo-
ratory Division, Hospital das Clínicas, Faculdade de Medicina, University of São Paulo.
Positive cultures were screened on chromogenic medium (ChromID Candida, bioMérieux,
Marcy L’Étoile, France), and species identification was carried out by Matrix Assisted Laser
Desorption Ionization Time-of-Flight mass spectrometry (MALDI-TOF MS) (Vitek MS,
bioMérieux, Marcy-l’Étoile, France), and to FLC susceptibility testing according to Clinical
and Laboratory Standards Institute guideline M44 [14]. Etest (bioMérieux, Marcy-l’Étoile,
France) on RPMI 1640 agar was used to determine fluconazole MICs, and results were inter-
preted according to CLSI M27 (5th ed., 2022) and CLSI M60 (3rd ed., 2023) guidelines [15,16].
Microbiological data focused on the identification of Candida species in clinical cultures,
with particular emphasis on C. parapsilosis and its resistance to fluconazole. The primary
outcome of interest was the 30-day crude mortality rate, expressed as the percentage of
deaths within 30 days of candidemia diagnosis.

A total of 17 C. parapsilosis isolates were selected for molecular analysis based on their
availability and preservation in our laboratory strain collection, where representative iso-
lates are routinely stored at −80 ◦C in glycerol stocks. Molecular analyses were performed
at the Laboratory of Medical Mycology (LIM-53), Institute of Tropical Medicine/Division
of Dermatology, Hospital das Clínicas, Faculdade de Medicina, University of São Paulo.
C. parapsilosis sensu stricto (s.s.) isolates were genotyped by microsatellite analysis through
amplification of seven different loci with primers previously described [17]. PCR products
were separated on 3% agarose gel, stained with GelRed™ (Biotium, Fremont, CA, USA),
and visualized with the UVITEC gel documentation system (Cleaver Scientific, Rugby,
Warks, UK). For phylogenetic analysis, a .tif file generated by the photodocumentation
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system was used as input data for the PyEph 1.4 software (PyEph Project, 2025). Clustering
was performed by the unweighted pair group method with arithmetic mean (UPGMA).
The analysis also included the C. parapsilosis s.s. C935 belonging to the outbreak-related
cluster described elsewhere [9]. In addition, the C. parapsilosis s.s. reference strain ATCC
22019 and two C.parapsilosis s.s. isolates (4E and 14D) unrelated to the outbreak cluster
were also included to obtain the dendrogram.

The incidence density of candidemia (IDC) was calculated by dividing the number of
candidemia cases recorded each year by the total number of hospitalizations in the same
period, expressed as cases per 1000 hospitalizations. To test the association between categorical
variables and hospital 30-day mortality, we used the χ2 test, Student’s t-test, or Fisher’s exact
test when appropriate, describing results by frequency and percentage. Continuous variables
are presented as mean and standard deviation and were compared using the Mann–Whitney
U test. For multivariate analysis, we constructed a binary logistic regression model. Variables
showing p < 0.1 in the univariate analysis were selected for inclusion; variables not meeting the
prerequisites for logistic regression were excluded from the model. Values of p < 0.05 indicate
statistical significance. Software used is IBM Corp. Released 2024. IBM SPSS Statistics for IOS,
Version 30.0.0.0. Armonk, NY, USA: IBM Corp.

3. Results

This retrospective study included 144 cases of C. parapsilosis candidemia diagnosed
in critically ill patients admitted to two cardiothoracic intensive care units of a Brazilian
tertiary care hospital between 2016 and August 2024. The median age of the cohort was
51.1 years, with a predominance of male patients (54.1%). Fluconazole resistance was
identified in 81% of C. parapsilosis isolates. The crude 30-day mortality rate was 55%.

The dendrogram analysis based on microsatellite profiles revealed four distinct clusters
(Figure 1). One cluster consisting of all C. parapsilosis s.s. isolates evaluated in this study,
indicating that they formed a single clonal lineage. The second cluster included the
reference strain ATCC 22019, representing a distinct lineage with no epidemiological
relationship to the studied isolates. In addition, a third and fourth clusters were formed by
isolates 4E and 14D, characterizing lineages also unrelated to the studied isolates. These
results demonstrate that the isolates were restricted to a single dominant C. parapsilosis
s. s. lineage, genetically close to the C935 isolate, while the other clusters represented
independent reference genotypes.

 

Figure 1. Dendrogram of C. parapsilosis s.s. isolates based on microsatellite profiles using the UPGMA
method. Dendrogram showing the genetic relationship among the C. parapsilosis s.s. isolates, * 935C,
4E, 14D and the reference strain ATCC 22019, constructed using concatenated allele profiles from
seven microsatellite loci and clustered by the UPGMA method.
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The IDC increased from 2.93 cases per 1000 hospitalizations in 2016 to a peak of
8.31 in 2020, followed by a gradual decline to 6.03 in 2021, 5.17 in 2022, and 5.52 in
2023 (Figure 2A). As of August 2024, the IDC was 5.21 cases per 1000 hospitalizations.
C. parapsilosis accounted for the majority of candidemia episodes, comprising 144 out of
237 cases (60.8%). Annual frequencies of C. parapsilosis ranged from 9 cases in 2016 to a peak
of 22 cases in 2021, declining to 8 cases in 2024 (up to August). The distribution of other
Candida spp. during the study period was as follows: C. albicans accounted for 34 cases
(14.3%), C. tropicalis for 32 cases (13.5%), C. glabrata for 11 cases (4.6%), C. dubliniensis for
6 cases (2.5%), C. guilliermondii for 3 cases (1.3%), C. krusei for 4 cases (1.7%), C. haemulonii
for 2 cases (0.8%), and C. lusitaniae for 1 case (0.5%). The temporal trends of all Candida spp.
are summarized in Figure 2B.

Figure 2. Temporal trends of candidemia episodes and fluconazole resistance in a cardiothoracic
ICU (2016–2024). (A) Incidence density of candidemia episodes per 1000 hospitalizations over the
study period. (B) Annual distribution of Candida species causing bloodstream infections. (C) Annual
number of C. parapsilosis bloodstream isolates according to fluconazole susceptibility profile (resistant
vs. susceptible).
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The univariate analysis revealed that patients who died were older (63.1 ± 16.8 years)
compared to survivors (58.1 ± 19.3 years), (p = 0.016, OR: 1.02 [99% CI: 1.00–1.03]). Gender
did not show a significant association with mortality, as 70% of deceased patients were
male, compared to 54.1% overall (p = 0.575, OR: 0.91 [99% CI: 0.68–1.23]). The length of
stay in the ICU was notably shorter among patients who died (mean 52 days) compared
to those who survived (mean 91 days), a highly significant finding (p < 0.001). Patient
demographics, comorbidities, and clinical features by 30-day outcome are shown in Table 1.

Table 1. Univariate Analysis of Demographic, Comorbidity, and Clinical Variables Associated with
30-Day Mortality in ICU Patients with Candida parapsilosis Candidemia.

Variable
All Patients
(144)

Alive
(64)

Dead
(80)

p OR (IC 99%)

Age (mean, ST; years) 51.1 ± 22.6 58.1 ± 19.3 63.1 ± 16.8 0.360 1.02 (1.003–1.03)
Male 78 (54.1%) 33 (30%) 45 (70%) 0.575 0.91 (0.68–1.23)
Intensive Care Unit Admission 144 (100%) 64 (100%) 80 (100%) - -
Length of Stay 89 ± 62.8 91 52 <0.01 -
Comorbidities
Cardiac disease 109 (75%) 43 (67%) 66 (82%) 0.003 2.30 (1.05–5.01)
Imunossupression 31 (21%) 14 (21%) 17 (21%) 0.928 0.96 (0.43–2.14)
Lung disease 17 (11%) 8 (12%) 9 (11%) 0.817 0.88 (0.32–2.44)
Diabetes mellitus 38 (26%) 15 (23%) 23 (28%) 0.472 1.31 (0.62–2.80)
Chronic Kidney disease 19 (13%) 6 (9%) 13 (16%) 0.226 1.87 (0.67–5.25)
COVID-19 13 (9%) 5 (7%) 8 (10%) 0.649 1.31 (0.40–4.22)
Surgery 132 (91%) 59 (92%) 73 (91%) 0.840 0.88 (0.26–2.92)
Complications
Deep Site Infection (n=141) 31 (22%) 15 (23%) 16 (20%) 0.638 1.09 (0.74–1.59)
Endophthalmitis (n = 24) 1 (4%) 0 1 (4.3) - -
Endocarditis 8 (5%) 5 (7%) 3 (3%) 0.290 0.46 (0.10–2.00)
Sternal osteomyelitis 15 (10%) 6 (9%) 9 (11%) 0.714 1.22 (0.41–3.64)
Intra-abdominal infection 2 (1%) 0 2 (2.5%) 0.203 0.54 (0.47–0.63)
Surgical Site infection 18 (12%) 10 (15%) 8 (10%) 0.310 0.60 (0.22–1.62)
Persistent Candidemia (n = 80) 26 (32%) 14 (21%) 12 (15%) 0.536 0.84 (0.49–1.43)
Clinical characteristics
Fever 29 (20%) 15 (23%) 14 (17.5%) 0.68 0.82 (0.28–2.41)
Source control (n = 36) 36 (25%) 18 (50%) 18 (50%) 0.14 2.12 (1.48–3.03)
Dialysis 83 (57%) 30 (46%) 53 (66%) 0.019 2.22 (1.13–4.37)
Vasoactive drug 106 (73%) 37 (57%) 69 (86%) <0.01 4.57 (2.04–10.25)
SOFA (n = 110) 7.6 ± 4.2 4.83 ± 3.3 9.59 ± 3.72 <0.01 -
Mean arterial pression (n = 128) 70.15 ± 18.7 70.4 ± 20.7 69.9 ±17.2 0.54 -
Mechanical Ventilation 83 (57%) 28 (43%) 55 (68%) 0.003 2.82 (1.42–5.60)
Bacteremia 38 (26%) 18 (28%) 20 (25%) 0.179 1.07 (0.76–1.51)
Parenteral Nutrition 25 (17%) 5 (7%) 20 (25%) 0.007 3.93 (1.38–11.17)

SOFA = Sequential Organ Failure Assessment.

Among comorbidities, cardiac disease was significantly associated with 30-day mor-
tality (p = 0.003, OR: 2.30 [99% CI: 1.05–5.01]). Other comorbidities, including immuno-
suppression (p = 0.928, OR: 1.01 [99% CI: 0.71–1.45]), DM (p = 0.517, OR: 0.88 [99% CI:
0.65–1.21]), chronic kidney disease (p = 0.226, OR: 1.87 [99% CI: 0.67–5.25]), lung disease
(p = 0.817, OR: 0.88 [99% CI: 0.32–2.80]) and COVID-19 (p = 0.207, OR: 0.89 [99% CI:
0.56–1.41]), did not show significant associations with mortality.

Endocarditis had an OR of 0.46 [99% CI: 0.10–2.00], not statistically significant (p = 0.290).
Endophthalmitis occurred in only one patient who died, limiting statistical analysis.
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Patients requiring vasoactive drugs had significantly higher odds of death (p < 0.001,
OR: 4.57 [99% CI: 2.04–10.25]), as did those on mechanical ventilation (p = 0.03, OR: 2.82
[99% CI: 1.42–5.60]). Dialysis was more common in deceased patients (p = 0.019, OR: 2.22
[99% CI: 1.13–4.37]), and parenteral nutrition showed a strong association with mortality
(p = 0.007, OR: 3.93 [99% CI: 1.38–11.71]).

There was no statistically significant association between fluconazole resistance and
30-day mortality (p = 0.113, OR: 1.07 [99% CI: 0.71–1.62]). The proportion of resistant
isolates was similar among survivors (54%) and deceased patients (57%), suggesting
that fluconazole resistance alone may not be a primary determinant of mortality in this
cohort. Figure 2C shows the annual distribution of fluconazole-resistant and susceptible C.
parapsilosis isolates throughout the study period. Prior exposures, microbiological findings,
treatment variables, and laboratory results by outcome are summarized in Table 2.

Table 2. Univariate Analysis of Treatment, Microbiological, and Laboratory Factors Associated with
30-Day Mortality in ICU Patients with Candida parapsilosis Candidemia.

Variable
All Patients
(144)

Alive
(64)

Dead
(80)

p OR (IC 99%)

Prior drug exposure
Prior Antibiotics 140 (97%) 62 (96%) 78 (97.5%) 0.821 1.25 (0.17–9.18)
Prior antifungal 71 (49%) 27 (42%) 44 (55%) 0.126 1.67 (0.86–3.25)
Microbiology
C.parapsilosis Fluconazole-Resistant (n = 99) 81 (81%) 35 (54%) 46 (57%) 0.113 1.07 (0.71–1.62)
>1 Candida on the same blood culture 3 (2%) 1 (1,5%) 2 (2.5%) 0.684 1.35 (0.31–5.90)
>1 Candida during CP candiemia 8 (5%) 3 (4%) 5 (6%) 0.684 0.88 (0.19–7.45)
C.albicans 5 (3%) 2 (3%) 3 (3%) 0.839 1.20 (0.44–1.91)
C.tropicalis 5 (3%) 1 (1.5%) 4 (5%) 0.263 3.31 (0.36–30.42)
C.glabrata 1 (0.6%) 0 1 (1.25%) 0.369 0.55 (0.47–0.64)
Prior C.parapsilosis colonization 42 (29%) 17 (26%) 25 (31%) 0.378 0.90 (0.66–1.23)
Treatment
Antifungal prescribed 124 (86%) 55 (85%) 69 (86%) 1.000 1.03 (0.20 -3.58)
Effective therapy 109 (75%) 52 (94%) 57 (82%) 0.043 1.53 (1.12–2.08)
Fluconazole (n = 124) 28 (22%) 13 (23%) 15 (21%) 0.063 1.05 (0.71–1.54)
Echinocandin (n = 124) 91 (73%) 39 (71%) 52 (75%) 0.311 0.90 (0.61–1.31)
Amphotericin (n = 124) 8 (6%) 3 (5.5%) 5 (7.2%) 0.163 0.83 (0.50 –1.54)
Optimal Therapy 33 (22%) 22 (14%) 11 (18%) 0.003 1.53 (1.12–2.08)
Catheter removal (n = 140) 77 (55%) 48 (62%) 29 (37%) <0.01 2.06 (1.50–2.83)
Early catheter removal (n = 81) 37 (45%) 22 (59%) 14 (40%) 0.700 0.89 (0.51–1.55)
Laboratory Findings
Platelets (×103/mm3) 159.770 ± 117.469 210.265 ± 119.541 119.375 ± 99.317 <0.01 -
Creatinine (mg/dL) 1.85 ± 1.24 1.68 ± 1.24 1.98 ± 1.24 0.038 -
Bilirrubins (n = 111) 2.54 ± 4.3 0.77 ± 0.54 3.75 ± 5.24 <0.01 -
Leucocytes 13.571 ± 8319 13.10 ± 7035 13.948 ± 9246 0.887 -
Neutrophils 10.668 ± 7095 10.474 ± 6475 10.823 ± 7593 0.963 -
PCR [(mg/L (n = 142)] 127 ± 75.8 103.6 ± 80.69 147.45 ±93.98 0.156 -
Time frames
Days between candidemia and death 31.2 ± 32.1 56.7 ± 32.7 10.9 ± 8.14 <0.01 -
Days between hospitalization and candidemia 57.8 ± 49.3 55.08 ± 49.7 59.9 ± 49.2 0.604 -
Days between surgery and candidemia (n = 133) 28.7 ± 102.3 30.6 ± 49.2 27.2 ± 130.4 0.013 -
Days between candidemia and treatment (n = 86) 11.69 ± 78.56 2.32 ± 1.77 14.34 ± 88.97 0.371 -
Days between candidemia and first negative blood
culture (n = 72) 18.7 ± 62 25.6 ± 74.4 4.17 ± 2.61 0.004 -

Days between candidemia and catheter
removal (n = 79) 5.4 ± 34 1.5 ± 13.6 11.7 ± 52.9 0.406 -

Total treatment duration (n = 123) 22 ± 20.7 33 ± 25.4 13.3 ± 9.7 <0.01 -
30-Day crude mortality 80 (55%) - - - -

SOFA = Sequential Organ Failure Assessment. Colonization was defined as the presence of Candida species in
cultures from non-sterile sites without signs or symptoms of active infection. PCR = Reactive C protein.

Effective antifungal therapy was a protective factor, with survivors receiving it in
94% of cases compared to 82% among deceased patients (p = 0.043, OR: 1.53 [99% CI:
1.12–2.08]). Timely catheter removal was also significantly protective (p < 0.001, OR: 2.06 [99% CI:
1.50–2.83]), although early removal showed no significant association (p = 0.700, OR: 0.89 [99%
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CI: 0.51–1.55]). The choice of antifungal treatment (fluconazole, echinocandins, or amphotericin
B) did not show significant associations with mortality (p > 0.05).

Platelet counts were significantly lower in patients who died (119,375 ± 99,317) com-
pared to survivors (210,265 ± 119,541; p < 0.001). Bilirubin levels were markedly higher in
deceased patients (3.75 ± 5.24 mg/dL) than in survivors (0.77 ± 0.54 mg/dL; p < 0.001).

The time between candidemia diagnosis and death was significantly shorter for de-
ceased patients (10.9 ± 8.14 days) compared to survivors (56.7 ± 32.7 days; p < 0.001).
Conversely, total treatment duration was significantly longer for survivors (33 ± 25.4 days)
compared to deceased patients (13.3 ± 9.7 days; p < 0.001). The time between surgery and
candidemia was shorter among deceased patients (p = 0.013), and the time to first negative
blood culture was significantly shorter for deceased patients (p = 0.004).

Multivariate logistic regression identified five independent factors associated with
30-day mortality (Table 3). Pre-existing cardiopathy (OR = 19.356, 95% CI: 2.293–163.3,
p = 0.006), higher SOFA scores (OR = 1.54, 95% CI: 1.158–2.049, p = 0.003), parenteral
nutrition (OR = 29.767, 95% CI: 2.032–436.0, p = 0.013), and dialysis (OR = 6.59, 95% CI:
1.059–41.162, p = 0.043) were associated with increased mortality risk. Conversely, longer
treatment duration was protective (OR = 0.807, 95% CI: 0.717–0.907, p < 0.001). These
findings highlight the interplay of clinical factors influencing outcomes in ICU patients
with candidemia.

Table 3. Multivariate analysis for mortality in 30 days.

Variable p OR CI 95%

Cardiac disease 0.006 19.356 2.293–163.3
SOFA 0.003 1.54 1.158–2.049
Parenteral nutrition 0.013 29.767 2.032–436.0
Dialysis 0.043 6.59 1.059–41.162
Total treatment duration <0.001 0.807 0.717–0.907

SOFA = Sequential Organ Failure Assessment.

4. Discussion

The results of this study provide valuable insights into the epidemiology and clinical
outcomes of candidemia caused by C. parapsilosis in cardiologic critically ill patients, par-
ticularly in a resource-limited setting in Brazil. The study revealed a marked increase in
incidence density during the COVID-19 pandemic, peaking in 2020, followed by a subse-
quent decline. Furthermore, the predominance of C. parapsilosis as the main pathogen and
the alarming fluconazole resistance rate of 81% observed in this study highlight the unique
challenges faced in managing candidemia in this region.

The incidence of candidemia varies significantly across different geographic regions,
healthcare settings, and patient populations. In this study, the incidence density of can-
didemia caused by C. parapsilosis ranged from 2.93 cases per 1000 hospitalizations in 2016 to
a peak of 8.31 cases per 1000 hospitalizations in 2020, with a subsequent decline in the fol-
lowing years. These findings contrast with a study from the same center [6], which reported
incidence rates of up to 2.3 per 1000 hospital admissions and up to 1.3 per 1000 admissions
in a tertiary care hospital in Rio de Janeiro [18]. Comparatively, data from developed coun-
tries show similar incidence rates when overall candidemia is compared to C. parapsilosis
candidemia in this study. For instance, a multicenter study in Europe reported a cumula-
tive incidence of 7.07 episodes per 1000 ICU admissions, with candidemia accounting for
5.52 episodes per 1000 admissions [19]. The predominance of C. parapsilosis in this study
differs with trends observed in Brazil and other middle-income countries. While in this
study C. parapsilosis accounted for 60% of candidemia cases in other studies C. albicans
remains the main species accounting for 44%, 39% and 41.7% [6,20,21].
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The temporal trends observed in this study, including the peak incidence during
2020, coincide with the impact of the COVID-19 pandemic. Increased ICU admissions,
prolonged mechanical ventilation, and widespread use of immunosuppressive therapies
likely contributed to the observed rise in cases [22,23]. This aligns with broader trends in
Brazil, notably a 38% rise in candidemia incidence density reported by Jordana et al. [6]
during 2020 compared to pre-pandemic years (2016–2019), reinforcing the pandemic’s role
in exacerbating fungal threats.

Regarding C. parapsilosis resistance, this study found 81% fluconazole resistant strains,
a high burden even when compared to other reports in Brazil, where fluconazole resistance
in C. parapsilosis has been documented to range from 6–11% and up to 26% in a study
performed in Brazil’s Midwest region particularly in tertiary care hospitals [24]. In 2022,
Thomaz et al. described an interhospital transmission event between the Oncology Center
of Hospital das Clínicas and the Cardiology Center of the present study during the COVID-
19 pandemic in 2020 [23]. At that time, fluconazole-resistant strains accounted for 60% of
isolates in the Cardiology Center, a profile that persisted throughout the years covered by
this study, which reported an even higher resistance rate of 81%.

Despite the high prevalence of resistance, this study found no significant association
between fluconazole resistance and 30-day mortality. In other study that evaluated FR-
Cp during de COVID-19 pandemic showed 46.7% vs. 57.5% 30-day crude mortality
between fluconazole resistant and susceptible groups with no statistical difference (p
= 0.312) [22]. Also, in a French retrospective analysis of 78 invasive infections by C.
parapsilosis, 30-day all-cause mortality between fluconazole susceptible and resistant strains
were, respectively, 22.4% and 45.5% but also with no statistical significance (p = 0.082) [25].
An outbreak report of candidemia by fluconazole-resistant strains showed statistically
significant difference regarding all-cause mortality (63.8% x 20%, p = 0.008) [26]. The lack of
association in some studies may be attributed to the early use of alternative antifungals or to
the predominance of fluconazole-resistant strains with lower virulence compared to other
Candida species. Further studies are needed to evaluate the clinical and economic impact of
FR-Cp candidemia.

In the present study, the overall 30-day mortality rate for candidemia was 55%, high-
lighting the significant burden of this infection in critically ill patients. This finding aligns
with previous Brazilian studies, which report mortality rates up to 63.8% in tertiary cen-
ters [9]. A study in Turkey showed 50% mortality in candidemia by fluconazole-resistant
strains [27]. A lower mortality rate from C. parapsilosis infection was noted in a prospective,
population-based study among adults hospitalized in medical and surgical ICUs through-
out Spain. The rate of death within 7 days for C. parapsilosis infection was 7%, versus 56%
for C. albicans, which differs significantly from the present study [28].

Previous studies in Brazil that emphasize the role of organ dysfunction scores in pre-
dicting outcomes in overall candidemia. Araújo et al., 2024 [6] showed the following risk
factors for 30-day mortality: advanced age, lung disease, heart disease, ICU stay, hemodial-
ysis, use of corticosteroids, use of antibiotics, and mechanical ventilation. Colombo et al.
2012 showed association with higher 30-day mortality by univariate analysis: older age,
period 1, higher APACHE II score, cancer, lung disease, renal failure, dialysis, mechanical
ventilation, receipt of corticosteroids, no treatment for candidemia and treatment with
deoxycholate amphotericin B. Infection due to C. parapsilosis though in that study was
associated with lower mortality [21]. The only comorbidity associated with higher 30-day
mortality was cardiac disease in both univariate and multivariate analysis. And this is also
shown in other studies [6,21]. The multivariate analysis further refined the understanding
of mortality predictors by identifying independent factors significantly associated with
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30-day mortality. Among these, cardiac disease emerged as a key risk factor (p = 0.006, OR
= 19.356), underscoring the vulnerability of patients with cardiovascular comorbidities.
SOFA score remained a significant predictor in the multivariate model (p = 0.003, OR = 1.54),
confirming the importance of systemic organ dysfunction as a determinant of outcomes.
Other retrospective studies also highlighted how increased severity scores are associated
with mortality, one which showed an increased risk when APACHE II score higher than 25
(OR 43.9) [28].

The need for parenteral nutrition and dialysis were also independently associated with
mortality in the multivariate analysis, reinforcing their roles as indicators of critical illness.
Parenteral nutrition has been identified as an independent risk factor for candidemia,
including cases caused by Candida parapsilosis. The study by Poissy et al. demonstrated that
total parenteral nutrition is an independent risk factor for candidemia in both ICU patients
and those admitted to other hospital units [25]. Additionally, the study by Kutlu et al. also
found a significant association between the use of parenteral nutrition and mortality in
patients with candidemia [27].

The duration of antifungal treatment demonstrated a significant protective effect in
our study (p < 0.001, OR = 0.807), highlighting the importance of prompt and adequate
therapy. This finding aligns with previous research advocating for early and sustained
antifungal treatment to improve outcomes in candidemia [21]. In our study, the failure to
remove the catheter in the univariate analysis was associated with a higher risk of death
(p < 0.001). Several studies have emphasized the critical role of early antifungal therapy and
catheter removal in candidemia management. For instance, early appropriate antifungal
treatment was shown to reduce mortality to 34.9%, and the combination of antifungal
therapy with catheter removal within 48 h further decreased mortality to 18.9% (HR 0.34;
95% CI 0.16–0.70; p = 0.03) [28]. Similarly, a Spanish cohort study demonstrated that early
antifungal therapy and catheter removal were independently associated with reduced early
mortality (OR 0.27; 95% CI 0.08–0.91) [29]. These findings, consistent with our results,
underscore the importance of timely interventions, particularly early antifungal therapy
and catheter management, as essential components of candidemia treatment strategies to
improve patient outcomes.

This study has several limitations that should be acknowledged. First, its retrospective
nature may introduce biases related to data collection and the completeness of medical
records. Missing data on certain variables, such as specific antifungal dosing, timing
of catheter removal, and additional comorbidities, could have impacted the analysis of
some risk factors and treatment outcomes. Second, the study was conducted in a single
tertiary care hospital, which may limit the generalizability of the findings to other settings.
Differences in healthcare infrastructure, patient demographics, and antifungal stewardship
practices in other institutions and regions might result in variations in the epidemiology
and outcomes of candidemia. Third, the high prevalence of fluconazole resistance observed
in this study reflects the local epidemiological context and antifungal usage patterns,
which might not be representative of other regions or countries. This limits the ability to
extrapolate these findings to settings with lower rates of resistance or differing Candida
species distributions. Another limitation is the relatively small sample size for certain
subgroup analyses, such as the association between fluconazole resistance and mortality.
Larger multicenter studies would provide a more robust assessment of the clinical impact
of resistance and other factors. Another limitation of this study is that molecular analyses to
detect mutations associated with azole resistance were not performed, as they are not part
of our laboratory’s routine workflow. Antifungal susceptibility testing was performed only
for fluconazole, and other antifungal agents were not tested. Despite these limitations, the

144



J. Fungi 2025, 11, 692

study provides valuable insights into the epidemiology, resistance patterns, and outcomes
of candidemia in critically ill patients, particularly in the Brazilian healthcare context. These
findings contribute to a better understanding of this challenging infection and highlight
areas for improvement in clinical management and infection control.

5. Conclusions

This study highlights the significant burden of C. parapsilosis candidemia in critically
ill patients, showing high rates of fluconazole resistance and mortality. While the high
prevalence of fluconazole-resistant isolates is concerning, it was not independently associ-
ated with increased mortality, suggesting that early and appropriate antifungal treatment
may mitigate its impact. The findings underscore the importance of continued antifungal
stewardship, targeted infection control strategies, and early therapeutic interventions to
improve outcomes in patients with candidemia. Furthermore, the study highlights the need
for regional surveillance and multicenter collaborations to better understand the evolv-
ing epidemiology of C. parapsilosis candidemia, particularly in resource-limited settings
like Brazil. Future prospective studies should aim to address the limitations identified,
explore interventions to improve patient outcomes, and further investigate the clinical and
microbiological factors contributing to mortality.
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et al. Mortality-associated factors of candidemia: A multi-center prospective cohort in Turkey. Eur. J. Clin. Microbiol. Infect. Dis.
2022, 41, 597–607. [CrossRef]

28. Garnacho-Montero, J.; Díaz-Martín, A.; García-Cabrera, E.; Ruiz Pérez de Pipaón, M.; Hernández-Caballero, C.; Lepe-Jiménez,
J.A. Impact on hospital mortality of catheter removal and adequate antifungal therapy in Candida spp. bloodstream infections. J.
Antimicrob. Chemother. 2013, 68, 206–213. [CrossRef]

29. Puig-Asensio, M.; Pemán, J.; Zaragoza, R.; Garnacho-Montero, J.; Martín-Mazuelos, E.; Cuenca-Estrella, M.; Almirante, B. Impact
of therapeutic strategies on the prognosis of candidemia in the ICU. Crit. Care Med. 2014, 42, 1423–1432. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

147





MDPI AG
Grosspeteranlage 5

4052 Basel
Switzerland

Tel.: +41 61 683 77 34

Journal of Fungi Editorial Office
E-mail: jof@mdpi.com

www.mdpi.com/journal/jof

Disclaimer/Publisher’s Note: The title and front matter of this reprint are at the discretion of the Guest

Editor. The publisher is not responsible for their content or any associated concerns. The statements,

opinions and data contained in all individual articles are solely those of the individual Editor and

contributors and not of MDPI. MDPI disclaims responsibility for any injury to people or property

resulting from any ideas, methods, instructions or products referred to in the content.





Academic Open 

Access Publishing

mdpi.com ISBN 978-3-7258-7349-4


