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Abstract

Introduction: A group of approximately 15 Candida species are frequently found to be
responsible for human invasive candidiasis, an infection that appears in patients with
prolonged hospitalization, particularly in Intensive Care Units, and in immunosuppressed
individuals. Given the considerable burden if not rapidly treated, clinicians face diagnostic
challenges in distinguishing infection. The objective of this narrative review is to sum-
marize the clinically applicable biomarkers used for invasive candidiasis and to evaluate
their performance and create a diagnostic algorithm for clinical practice. Methods: This
narrative review was conducted by searching PubMed and Scopus for studies published
between 1990 and 2025, using keywords related to invasive candidiasis and non-culture
diagnostic biomarkers. Clinical guidelines and consensus documents from major infectious
diseases societies were additionally reviewed to supplement. Results: Blood cultures,
which are considered the “gold standard” for diagnosis, face important fallouts caused by
the limited sensitivity of 50%. Polymerase Chain Reaction assays can identify Candida
species at an early stage when compared to blood cultures, demonstrating high specificity
that ranges between 91% and 98, due to their high cost, and the limitations regarding only
the identification of certain species, their widespread use remains limited. Non-culture
serological tests such as mannan, anti-mannan and 1-3-β-D-glucan can detect fungal cell
wall components or antibodies directed towards them. These tests have the advantage
of being performed directly from blood samples. Reported sensitivity and specificity are
83% and 86% for mannan/anti-mannan, and 73% and 80% for 1-3-β-D-glucan, respec-
tively. They are used for early detection of candidemia in high-risk patients, including
immunocompromised individuals. Conclusions: Our report suggests that the traditional
“gold standard” for diagnosing invasive candidiasis can be improved by integrating and
combining novel biomarkers in the diagnostic pathways, and, thus, potentially reducing
the time spent for diagnosing and facilitating early treatment access.

Keywords: invasive candidiasis; 1-3-β-D-Glucan; PCR Candida species; mannan;
anti-mannan; invasive candidiasis diagnostic pathway

1. Introduction
Of the 150 identified Candida species, approximately 15 are potentially harmful

in humans. Most invasive infections are attributed to a few species: Candida albicans,
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Nakaseomyces glabratus (formerly Candida glabrata), Candida parapsilosis, Candida tropicalis,
and Pichia kudriavzevii (formerly Candida krusei). In recent years, Candidozyma auris (for-
merly Candida auris) has emerged as an important pathogen, particularly due to its ability
to spread within healthcare settings [1,2].

Well-known risk factors for developing invasive candidiasis are surgery, indwelling
catheters, diabetes, total parenteral nutrition, and prolonged hospital stay, especially in the
Intensive Care Unit (ICU). With the widespread adoption of novel immunosuppressive
therapies in cancer patients, myelodysplastic syndromes, and rheumatological diseases, the
burden of fungal infections has increased. As the population is aging, patients accumulate
multiple risk factors, exposing them to new threats, including Candida infections [3]. Recog-
nizing these risk factors helps identify when biomarker testing is most useful, particularly
in high-risk patients. The main predisposing conditions are presented in Table 1.

Table 1. Diagnostic criteria including significant risk factors and clinical data associated with
invasive candidiasis.

Category Clinical Details Source

Major Risk Factors

Critical Care and Procedures:
• Intensive Care Unit stay
• Central Venous Catheter
• Total parenteral nutrition
• Broad-spectrum antibiotics
• Recent major abdominal surgery
Immunosuppression
• Neutropenia (<500 cells/mm3 for >10 days)
• Hematological malignancy
• Allogeneic hematopoietic stem cell transplant
• Solid organ transplant recipient
• Prolonged corticosteroid use
• T-cell immunosuppressant therapy
• Inherited severe immunodeficiency

[4–6]

When to Suspect Candidemia
■ Persistent fever unresponsive to broad-spectrum antibiotics
■ Unknown sepsis or septic shock
■ Post-abdominal surgery

[5,7]

Despite antifungal therapy and the development of new antifungal drugs, invasive
candidiasis continues to carry a high mortality burden, often ranging from 40% to 60% or
even higher in some immunocompromised cohorts [8].

High mortality of Candida infections is due to its inherent invasiveness. Patients
with immune defects have a high mortality, and those lacking traditional risk factors also
experience diagnostic delays [9].

The pathogenicity of Candida is multifactorial, involving several virulence factors,
including the ability to switch between yeast and hyphal forms, the capacity to adhere to
host tissues, and the excretion of enzymes such as proteases and phospholipases. A major
pathogenic mechanism of Candida is biofilm formation on biotic and abiotic surfaces, which
confers high resistance to both host immune response and antifungal agents. These biofilms
are complex volumetric assemblies composed of yeast cells, hyphae, and pseudo-hyphae
that are embedded in an extracellular matrix. These fungal networks are responsible for
the persistence of infection and treatment failure [10–12].

Based on the affected site, Candida infections range from superficial, affecting the skin,
nails, oral or vaginal mucosa, to invasive or systemic infection involving the bloodstream,
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eyes, spleen, liver, or central nervous system. Mucocutaneous candidiasis is typically
associated with a high morbidity but has a low-to-negligible risk of mortality, in contrast to
systemic candidiasis, which is associated with a higher mortality rate [13].

Because of the high burden of invasive candidiasis in patients with cancer or hemato-
logical malignancies, in 2019, the European Organization for Research and Treatment of Can-
cer and the Mycoses Study Group Education and Research Consortium (EORTC/MSGERC)
defined invasive fungal infection and updated the previous 2008 definitions, aiming to bet-
ter incorporate non-culture biomarkers into the diagnostic criteria. The consensus classified
invasive candidiasis into three categories: Proven, Probable, and Possible [4].

• Proven Invasive Candida Infections are diagnosed based on histopathologic or cy-
topathologic proof of Candida species from a specimen obtained by needle aspiration
of biopsy. A culture of the specimen obtained by a sterile procedure from a normally
sterile site, such as blood, is confirmatory (e.g., blood cultures) [4].

• Probable Invasive Candida Infections are diagnosed with the summation of three
factors: host risk factors, suggestive clinical settings, and mycological criteria [4].

■ Host risk factors include the following: recent history of neutropenia defined
as high as 500 cells/mm3 neutrophils for at least 10 days; hematologic malig-
nancy; recipient of an allogeneic stem cell transplant or solid organ transplant;
prolonged use of corticosteroids at the therapeutic dose of equal or more than
0.3 mg/kg of corticosteroids for more than 3 weeks; treatment with other recog-
nized T-cell immunosuppressants during the past ninety days; inherited severe
immunodeficiency; and acute graft versus host disease grade III or IV [4].

■ Clinically suggestive of disseminated candidiasis is defined when patients have
experienced candidemia within the last two weeks, along with at least one of the
following findings: “bull’s eye’ lesions”—small abscesses—seen in the spleen or
the liver, or progressive retinal exudates upon ophthalmologic examination [4].

■ Mycological criteria for Candida species include a positive 1-3-β-D-Glucan test
with a cutoff of 80 pg/mL in at least two consecutive serum samples [4].

• Possible Invasive Candida Infections are diagnosed based on the presence of suggestive
clinical findings and relevant host factors but in the absence of positive mycological
evidence [4].

Although Candida species predominantly infect immunocompromised individuals
as previously stated, they also substantially contribute to a high morbidity and mortal-
ity among patients with prolonged hospital stay, especially those in ICU. In these pa-
tients, with no or undiagnosed immunosuppression the diagnostic pathways outlined in
EORTC/MSGERC criteria do not apply.

To address this gap, in 2024, Invasive Fungal Diseases in Adult Patients in Intensive
Care Unit (FUNDICU) guidelines were created aiming to better diagnose candidemia in
ICU patients. According to this consensus, candidemia is confirmed by a peripheral blood
culture positive for Candida species, representing definitive evidence of infection, regardless
of immune status. Positive blood cultures obtained from central venous catheters are
excluded from this definition, as catheters can be easily contaminated. The FUNDICU
guideline introduces a research-based framework to standardize definitions for invasive
fungal infections in ICU patients; but still, its application currently remains primarily for
research purposes, rather than for routine clinical use [5].

In 2025 the European Confederation of Medical Mycology in collaboration with the
International Society for Human & Animal Mycology and American Society for Microbi-
ology published a joint guideline, highlighting that the diagnosis of candidiasis should
rely on a combination of clinical evaluation and confirmatory microbiological methods.
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Specimens obtained aseptically from normally sterile sites provide definitive evidence of
infection when culture or microscopy identifies Candida species, regardless of the limited
sensitivity of these methods. The same guideline highlights that molecular assays, includ-
ing commercially available Polymerase Chain Reaction (PCR) tests and serum biomarkers
such as 1-3-β-D-Glucan and mannan/anti-mannan antibodies, although offering rapid
results, should be interpreted as complementary diagnostic tools along with traditional
techniques [7].

Several diagnostic scores that integrate clinical assessment, predisposing factors, and
laboratory markers have been proposed to facilitate early identification of invasive candidia-
sis over the years. However, due to variable sensitivity, specificity, and limited applicability
across patient populations, none have achieved widespread validation or have received
formal endorsement in international guidelines [7].

Despite the availability of multiple diagnostic assays, early and species-specific detec-
tion remains inconsistent in real-world clinical practice.

The aim of this narrative review is to provide a clinically applicable overview of
diagnostic tools for invasive candidiasis, to facilitate clinical decision making, and to
outline a clinician-orientated diagnostic algorithm integrating both culture-based and
non-culture-based biomarkers.

2. Materials and Methods
We conducted a literature search in PubMed and Scopus for the following keywords

as search strings or for creating specific queries: “invasive candidiasis”, “candidemia”,
“deep-seated candidemia”, “candida biomarker”, “1-3-β-D-Glucan”, “Mannan Antigen”,
“Anti-mannan antibodies”, “PCR Candida”, and “serology”.

We assessed studies published between 1990 and 2025. Articles from 1990 to 2000
were particularly focused on classical microbiological diagnostic methods, especially blood
culture techniques.

We included in this review only English language studies which evaluated non-culture
biomarkers used for diagnosing invasive candidiasis, that reported diagnostic performance
information (Sensitivity, Specificity, Positive Predictive Values, Negative Predictive Values)
and that used culture-based and/or histopathological methods as reference.

We excluded single patient case reports, animal studies, and papers without clinically
applicable information.

As this is a narrative review, the search strategy was designed to identify clinically
relevant diagnostic evidence rather than to comprehensively retrieve all published studies.

Information provided from the search was supplemented by integrating guidelines
and consensus statements from the European Society of Clinical Microbiology and Infec-
tious Diseases Guidelines (ESCMID), Infectious Diseases Society of America Guidelines
(IDSA), European Organization for Research and Treatment of Cancer/Invasive Fungal
Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases
Mycoses Study Group (EORTC/MSG), Fungal Infections Definitions in Intensive Care Unit
Patients (FUNDICU), European Confederation of Medical Mycology (ECMM), Interna-
tional Society for Human & Animal Mycology (ISHAM), and the American Society for
Microbiology (ASM).

This paper is a narrative, not a systematic review, aiming to offer a current, clinically
applicable overview of diagnostic tools for invasive candidiasis and to facilitate clinical
decision making.
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3. Results
3.1. Culture Biomarkers: Blood Cultures

Although considered the “gold standard” for diagnosing invasive fungal infections,
blood cultures demonstrate suboptimal sensitivity, around 50%, which means that half of
the cases may go undetected. This limited sensitivity that ranges between 21 and 71% can
be attributed to intermittent or low-level fungemia, as well as deep-seated infections where
Candida species are rarely detected in the bloodstream [6,7,14].

The volume of blood collected and incubated has a direct impact on pathogen recovery.
Current microbiological guidelines recommend inoculating approximately 20 mL of blood
per culture vial in adult patients, with a maximum incubation period of five days [6,7,15].

Most commercially available blood culture systems can support fungal growth. Becton
Dickinson (BD), one of the most widely used systems, produces the BD BACTEC Mycosis
Bottles, which are specially designed for the detection of fungal pathogens. Another
automated microbial detection system, the BacT/Alert (bioMérieux, formerly Organon
Teknika Corp., Durham, North Carolina, USA) utilizes colorimetric CO2 detection produced
by growing microorganisms. The BacT/Alert FA Plus bottles are suitable for the recovery
and detection of aerobic microorganisms-bacterial or yeasts [16,17].

A comparative study by Tomazin et al. found that BD BACTEC aerobic bottles
performed similarly to BD BACTEC Mycosis bottles for the recovery of fungal pathogens,
although the dedicated Mycosis bottle showed superior performance for Aspergillus and
Cryptococcus species. In contrast, anaerobic bottles were ineffective for fungal growth in
most cases [17–19].

Chromogenic media are used in some laboratories as a rapid, budget friendly, prelimi-
nary screening tool for differentiating Candida species based on species-specific color reac-
tions. These media incorporate biochemical substrate that trigger species-specific colony
colors—such as green-blue for C. albicans, metallic blue with pink halo for C. tropicalis,
or pink, rough colonies for Pichia kudriavzevii—and may display light blue colonies for
C. auris, although considerable variability exists among clades. Although chromogenic
cultures cannot replace standard culture-based identification or provide antifungal suscep-
tibility data, their accuracy for distinguishing common Candida species has been reported
as moderate-to-high. Therefore, while not definitive diagnostic tools, chromogenic media
complement culture workflows in laboratories [20,21].

Identification obtained from a positive blood culture can be performed using a variety
of commercial or automated systems. Matrix Assisted Laser Desorption/Ionization-Time-
Of Flight (MALDI-TOF) mass spectrometry enables rapid and accurate identification of
fungal species and is considerably faster and less laborious than conventional phenotypic
methods. Traditional identification methods may require up to 18 h, compared to MALDI-
TOF that provides reliable species identification in approximately 20 min [18,19].

Characterization of Candida species from positive blood cultures can be achieved
using PCR-based techniques. BIOFIRE ® FILMARRAY ® (bioMérieux, Salt Lake City,
Utah, USA) is a Food and Drug Administration (FDA)-cleared multiplex PCR system
that integrates sample preparation, amplification, detection, and data analysis in a single
workflow. The BIOFIRE BCID2 Panel aims to investigate 43 microorganisms linked to
bloodstream infections, covering Gram negative and positive bacteria and yeast (C. albicans,
Nakaseomyces glabratus, Pichia kudriavzevii, C. parapsilosis, and C. tropicalis) along with ten
antimicrobial resistance genes in one test [22,23].

The Molecular Mouse platform (MM) (Alifax, Polverara, Padova, Italy) is a qualitative,
non-automated, in vitro diagnostic system designed to assist identification of infectious
pathogens from a positive blood culture. The platform consists of a compact thermocycler,
ready to use cartridges with lyophilized reagents for multiplex real-time PCR, and inte-
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grated software for automated data analysis. It analyzes DNA targets using disposable
silicon-based devices The MM platform performs deoxyribonucleic acid (DNA) target se-
quences analysis using disposable lab on chip devices based on Silicon technology. Among
the five available tests, MM yeast Blood is dedicated to Candida diagnosis, providing results
within 1 h after a positive Gram smear. It can identify the following species: C. albicans,
Nakaseomyces glabratus, Pichia kudriavzevii, C. parapsilosis, C. tropicalis, C. auris, C. lusitaniae,
C. dubliniensis, Meyerozyma guilliermondii, formerly named C. guilliermondii [23].

Blood cultures remain the confirmatory, accessible, and easy-to-perform diagnostic
method for invasive candidiasis. Unlike bacterial pathogens isolated from blood cultures,
which often require careful interpretation to exclude potential contaminants originating
from skin flora, particularly in the cases of Gram positive cocci, any fungal growth in blood
cultures is clinically significant and require immediate therapeutic action. According to
the current guidelines, repeated blood cultures should be obtained on the subsequent days
after the initial positive result, and the minimum duration of effective antifungal therapy
should be calculated from the first negative blood culture [6].

3.2. Non-Culture Biomarkers
3.2.1. Molecular Diagnosis

Whether directed at a single target or multiple targets, molecular techniques are
undergoing continuous development. Considered an additional tool in diagnosis, their
role is increasingly recognized as a complementary technique along culture-based tests.
The ability to detect early candidemia even when blood cultures provide negative results,
establishing them as a valuable diagnostic assay in clinical settings. Performed directly
from whole blood, serum, cerebrospinal fluid (CSF) or from other sterile sites, molecular
assays are considered adjunctive tests in early diagnosis and management.

Although PCR assays demonstrate high analytical sensitivity with a short turnaround
time, its clinical applicability remains limited due to a lack of standardized protocols,
variable assay performance across laboratories, and the absence of formal guidelines rec-
ommendation supporting their use as a first-line diagnostic test. Ongoing standardization
efforts and multicenter evaluation are needed to clarify their role in future diagnostic
algorithms [24,25].

Regardless of their use in clinical practice being still constrained by methodological
variability and lack of standardization, PCR-based methods are increasingly recognized in
research settings for their ability to rapidly detect fungal DNA (deoxyribonucleic acid) and
support early therapeutic decisions [25,26].

Bruker’s Fungiplex® Candida IVD PCR Kit

A multiplex real-time PCR test, designated for rapid detection of the most prevalent
pathogens associated with invasive candidiasis, provides a rapid result within 3 to 5 h
directly from whole blood without requiring a prior positive blood culture. With a reported
sensitivity of 98.4% and specificity 99.8%, the Fungiplex Candida assay enables early identi-
fication of Candida species infections. The kit includes three PCRs for detecting Candida:
pan-Candida species PCR (Csp), one specific PCR for detecting Nakaseomyces glabratus, and
one specific PCR for detection of Pichia kudriavzevii [27].

Higher quantification cycles (Cq) values observed in PCR-based assays among patients
with negative blood cultures may explain the reduced detection rate of Candida species
by conventional culture methods. Prophylactic treatment with antifungals may inhibit or
delay growth in blood culture but may not negatively influence the performance of the
molecular assays [28].
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Magicplex™ Sepsis Real-Time Test (Seegene Inc, South Korea)

It is a rapid multiplex performed directly from blood that needs DNA extraction
and amplification followed by identification, providing results in approximately six hours.
Designed for the detection of microorganisms commonly implicated in sepsis, it can identify
up to 90 pathogens at the genus level and 27 pathogens at the species level. Candida species
detection is limited to five species: C albicans, C tropicalis, C. parapsilosis, Nakaseomyces
glabratus and P. kudriavzevii and does not include C. auris [29].

Although PCR enables early fungal detection of nucleic acid, serological assays can
indirectly indicate infection by detecting host antibody response or fungal cell wall antigens.

3.2.2. Serological Biomarkers
Candida Antigen and Antibody Detection

Candida antigen and antibody detection assays gained broader acceptance for diagnos-
ing invasive candidiasis, at first in 2016, in the United States of America (USA), following
their inclusion in the Clinical Practice Guideline for the Management of Candidiasis by the
IDSA [6].

In Europe, mannan antigen and anti-mannan antibody assays are considered among
the best studied tests, for diagnosing invasive candidiasis in high-risk hematological
patients, being endorsed by the Third Europe Conference on Infections in Leukemia [30].

Numerous diagnostic platforms and commercial laboratories have developed assays
designated for the detection of circulating Candida antigen and antibodies. The widespread
availability of these tests has influenced clinical practice, and their results are now com-
monly integrated into diagnostic decision making. The performance of these tests remains
robust even in immunocompromised patients, in those receiving chemotherapy or stem
cell transplantation. This performance is primarily due to their ability to detect fungal
components regardless of the host’s neutrophil response [6].

Mannan is a polysaccharide part of the Candida cell wall and serves as the primary
target of Antigen detection assays. Circulating Candida antigen can be detected early in the
bloodstream, often several days before positive blood culture, and exhibits rapid clearance
after the initiation of effective antifungal therapy, compared to the more persistent antibody
response [31].

Anti-mannan antibodies, predominantly IgG class, persist longer than circulating
antigens and may indicate prior exposure or ongoing infection to Candida, rather than an
acute primary episode. It is worth highlighting that a negative mannan antigen does not
exclude infection, especially in patients with localized Candida disease [14,32,33].

Diagnostic performance has been demonstrated for cutoff values of >125 pg/mL
for antigen and >10 antibody units (AU)/mL for the anti-mannan antibody. Combined
testing for mannan antigen and anti-mannan antibody using this diagnostic cutoff improves
diagnostic sensitivity and provides more reliable evidence of invasive fungal infection
when both assays are performed simultaneously [34].

The diagnostic accuracy of mannan antigen assays revealed a sensitivity of 58%
(95% CI, 53–62%) and specificity of 93% (95% CI, 91–94%). Similarly, anti-mannan an-
tibodies assay demonstrated a sensitivity of 59% (95% CI, 54–65%) and a specificity of 83%
(95% CI, 79–97%). When combined, mannan and anti-mannan testing exhibits superior
diagnostic performance with a pooled sensitivity of 83% (95%CI, 79–87%) and a specificity
of 86% (95% CI, 82–90%) [30].

In comparison with the conventional diagnostic process, combined serological assays
show positivity in more than 73% of patients at least two days earlier, and in some cases,
even sooner than the blood cultures becoming positive [35].
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Nevertheless, these tests also have several limitations. Broad-spectrum antibiotics
can lead to false positive results, both in those with a high Candida colonization index
or in patients with injury of the mucosal barrier. Differences among Candida species can
also affect test performance. C. parapsilosis and C. auris produce lower detectable levels
of circulating antigen, which translate into lower sensitivity and can lead to potential
diagnostic delays, particularly in cases when diagnosis is critical [14,32,33].

While mannan antigen detection allows early identification, β-D-glucan could provide
better fungal coverage.

1-3-β-D-Glucan (BDG)

It is a polysaccharide part of the fungal cell wall that is shed into the bloodstream
during fungal proliferation and lysis, particularly in the context of invasive fungal infection,
making it a suitable biomarker. Because it can detect a broad spectrum of fungi, including
Candida, Aspergillus, and Pneumocystis, is widely applicable for non-culture diagnostics
purposes [36,37].

It was first recognized as a nonculture diagnostic biomarker in 2009 at the 3rd Con-
ference in Leukemia, which stated that repeated positive BDG results can support the
evidence of invasive fungal infection in patients with neutropenia and clinically suggestive
symptoms [38].

The 2019 EORTC/MSG consensus definitions incorporated serological testing as part
of the mycological criteria for diagnosing probable invasive fungal infection. BDG, with
a cutoff value above 80 ng/L, is used in combination with clinical features and host risk
factors, particularly in patients with neoplasia and hematological malignancies. This
inclusion underlines the growing role of BDG as a supportive marker for early diagnosis in
high-risk populations [4].

The principal strength of BDG testing relies on its high Negative Predictive Value
(NPV), which, in clinical practice, can support the decision of withholding or of discontinu-
ing empiric antifungal therapy. In contrast, the utility of positive BDG result for initiating
treatment is more limited, primarily due to relatively low Positive Predictive Value (PPV).
For diagnosing invasive candidiasis, most studies report an NPV exceeding 90% and a
PPV below 70% [39]. Therefore, BDG is most valuable as a rule-out test rather than a
confirmatory one.

Meta-analysis suggests that BDG demonstrates a good diagnostic performance, with
an overall sensitivity of 75–83% and a specificity of 63–87%. Despite this, intraspecies
variability affects assay performance: C. albicans, Nakaseomyces glabratus and C. tropicalis
typically exhibit higher levels of BDG compared to C. auris and C. parapsilosis. In these
situations, the lower glucan content may result in false negative results [40,41].

Elevated levels of BDG may also occur in patients undergoing renal replacement
therapy, particular in those using cellulose membranes or filters, albumin administration,
and broad-spectrum antibiotics, especially in those containing beta-lactamase inhibitors.
In such cases, clinicians should carefully take into consideration the possibility of false
positive results [39].

The prognostic implication of BDG levels appears distinct: persistently elevated levels
on serial measurements are associated with increased mortality, whereas rapid decline
correlates with a favorable clinical outcome in invasive candidiasis [42].

3.3. C-Reactive Protein, Procalcitonin

C-reactive protein (CRP) and Procalcitonin (PCT) are widely available biomarkers,
routinely included in standard diagnostic laboratory workups. These assays can be per-
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formed in any hospital setting without the need for specialized training or complex
medical equipment.

CRP is an acute phase reactant that is synthesized by the liver, in response to Inter-
leukin 6 stimulation. Serum levels begin to rise within approximately 12 h after inflamma-
tory activation, peak at around 48 h, and remain elevated even after inflammation resolves,
making CRP a highly sensitive but nonspecific marker of inflammation [43].

Procalcitonin, a prohormone of calcitonin, released in response to bacterial infection,
serves as more accurate marker than CRP for distinguishing systemic bacterial infection
from noninfectious conditions [44]. PCT levels are rising more rapidly compared to CRP,
typically within six hours, and are particularly useful in differentiating bacterial infection
from viral or noninfectious states [45].

In fungal infection, CRP levels are generally higher than PCT. A CRP cutoff value
of 9.75 mg/dL and a PCT cutoff value of 0.34 ng/mL have been reported to provide a
diagnostic sensitivity of 71% and specificity of 84% for CRP, and 58% and 91% for PCT,
respectively. The Positive Predictive Values of 81% and Negative Predictive Values of 75%
for CRP, respectively, 86% and 69%, were reported for Procalcitonin [44].

When interpreted alongside BDG and/or a mannan/anti-mannan antibody, these
inflammatory markers may aid in distinguishing bacterial from fungal infection etiology in
critically ill patients.

4. Discussion
Diagnosing invasive candidiasis remains challenging due to its nonspecific clinical

presentation in addition to limitations of conventional laboratory methods, which are
time-consuming and often provide low sensitivity [46]. As a result, recognizing the clinical
scenario and patient profiles at higher risk is essential for enabling early suspicion and
timely diagnostic investigation.

Blood cultures continue to represent the “gold standard” for diagnosis. When pos-
itive they confirm the infection and identify the causative species, allowing antifungal
susceptibility testing, offering essential information for guided antifungal therapy [6,14].

However, their overall sensitivity is limited to approximately 50%. This can be trans-
lated into the fact that, while a positive blood culture result is definitive, a negative result
does not exclude the possibility of invasive candidiasis [6,14].

Adequate blood sampling is crucial, as insufficient volume or suboptimal collection
techniques can further reduce the sensitivity. Therefore, when the total amount of blood
available for inoculation is limited, aerobic bottles should be prioritized due to their higher
recovery rate for fungal pathogens.

Clinical suspicion of candidiasis is frequent in the immunocompromised population,
due to the high burden of disease among them.

Because of the high burden of disease among immunocompromised populations,
clinical suspicion of candidiasis is frequent in this group. As a result, EORTC/MSG
criteria were developed to standardize diagnosis improving early diagnostic and access to
appropriate therapy [4].

In contrast, diagnostic pathways for patients without known immunodeficiency or
in critically ill condition remain poorly standardized. To address this gap, the FUNDICU
initiative proposed research-based definitions for invasive fungal infections in the ICU
setting. Due to insufficient validation and variable diagnostic test performances, their
applicability remains limited to research use only [5].

Molecular techniques have gained increasing importance, enabling earlier detection
compared with traditional culture-based methods. Although they face technical variability
and lack of standardization, PCR-based techniques demonstrate high sensitivity and speci-
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ficity. The main characteristic of this type of assay is the fact that they can be performed
directly from whole blood, without need for a prior positive culture. These qualities make
them promising candidates for integration into future diagnostic algorithms [26,34,47].

Mannan antigen and anti-mannan antibody assays can detect Candida cell wall compo-
nents directly from blood and have demonstrated robust performance even in immunocom-
promised patients. Combined testing enhances sensitivity and may render in positive result
even days before cultures become positive, potentially improving the clinical outcome.
However, test variability and species-dependent differences, particularly lower antigen
levels in C. parapsilosis and C. auris, can lead to false negative results [30,34].

Similarly, 1-3-β-D-Glucan, a cell wall polysaccharide released during fungal prolifera-
tion, is a valuable adjunctive biomarker. Its high Negative Predictive Value allows clinicians
to confidently withhold or discontinue empiric antifungal therapy when negative. On the
other hand, positive results should be interpreted with caution, given the assay’s moderate
specificity and potential for false positive results in patients undergoing hemodialysis,
receiving albumin, or treated with beta-lactam antibiotics [39,41].

Inflammatory markers such as C-reactive protein and Procalcitonin remain accessible
assays that can complement fungal biomarkers in diagnostic aid. A diagnostic pattern of
elevated CRP (>10 mg/dL) combined with a low Procalcitonin (<0.24 ng/dL) may suggest
fungal rather than bacterial etiology [46].

Recent evidence suggests that combining culture-based and non-culture-based
biomarkers may represent the most promising strategy for timely and accurate diagnosis.
For instance, Giacobbe et al. reported that the combination of BDG higher than 80 pg/mL
and a PCT lower than 2 ng/mL presented a sensitivity of 66% and specificity of 98% with a
PPV of 96% and NPV of 78%, while the combination of CRP higher than 8.5 mg/dL and
BDG higher than 80 pg/mL presented a sensitivity of 93.3% and specificity of 79.1% [48,49].
Such diagnostic approaches may improve accuracy and guide early therapeutic decisions.

Despite ongoing progress, significant gaps persist regarding optimal biomarker com-
binations and their role in non-immunocompromised hosts. Large multicenter studies are
needed to validate an integrated diagnostic model and to establish standardized algorithms
applicable across different clinical settings.

The characteristics and strengths of both culture-based and non-culture-based biomark-
ers are summarized in Table 2.

Integrating both culture-based biomarkers and non-culture-based biomarkers may
represent the most effective diagnostic strategy for invasive candidiasis. In clinical settings,
patients with clinical suspicion of invasive candidiasis that present with high CRP and low
PCT levels should undergo prompt blood culture sampling combined with simultaneous
non-culture biomarker assessment. This approach may contribute to better diagnostic accu-
racy, enable earlier therapeutic intervention, and help reduce the overall disease burden.
Figure 1 illustrates the proposed diagnostic pathway to be followed in cases of suspected
invasive candidiasis. The diagnostic algorithm outlined integrates clinical assessment with
sequential biomarker testing to support early detection of invasive candidiasis. The first
step involves identifying patients with compatible clinical features—persistent fever despite
broad-spectrum antibiotics, unexplained sepsis, or postoperative deterioration—together
with major predisposing factors such as ICU stay, indwelling catheters, or immunosup-
pression. Once suspicion is established, blood cultures should be promptly obtained,
while in parallel, rapid non-culture biomarkers (BDG, mannan/anti-mannan or molecular
assays) are collected to avoid diagnostic delays. In a low-risk clinical setting, a nega-
tive BDG or molecular assay together with persistently negative blood culture may help
reasonably exclude invasive candidiasis. In contrast, positive biomarker results should
prompt early antifungal therapy. Definitive diagnosis relies on culture or histopathological
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confirmation, and antifungal treatment should be refined once species identification and
susceptibility results become available. This stepwise approach emphasizes early testing
and the complementary roles of culture and non-culture biomarkers in guiding timely
therapeutic decisions.

Table 2. Biomarkers comparison.

Biomarker Turnaround Time Diagnostic Role Sensitivity
%

Specificity
% Notes Source

Blood Culture 1–5 days

Confirmatory,
Identification,
Antifungal
susceptibility

50 N/A

Gold standard; requires
adequate blood volume; low
sensitivity limits utility for
ruling out infection

[6,14,15]

β-D-glucan
80 pg/mL cutoff ~90 min Early screening 73 80

High Negative Predictive
Value, false positive in
hemodialysis
patients, albumin

[39,41]

Mannan+
Anti-Mannan ~90 min Adjunct to cultures 83 86

Robust even in
immunocompromised
patients, lower sensitivity
for C. auris and
C. parapsilosis

[30,34]

Fungiplex 3–5 h Early detection 98.4 99.8 Performed directly from
whole blood [27,28]

CRP + PCT 1–2 h Supportive only 55–71 84–91

A pattern of high CRP and
low PCT suggests fungal
rather than
bacterial infection

[44]

Note: Reference numbers correspond to the manuscript reference list. Performance metrics are derived from
meta-analyses and systematic reviews where available.

This review has several limitations that should be noted. As a narrative review, the
main objective is to summarize and interpret clinically relevant aspects from the existing
broad literature, and it does not intend to comprehensively identify all published studies;
therefore, some data may not have been documented. The evidence base is heterogeneous,
with substantial variation in study designs, patient populations, and diagnostic methodolo-
gies, which limit direct comparability across studies. These factors should be considered
when interpreting the proposed diagnostic pathway.
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Figure 1. Proposed diagnostic algorithm for investigating invasive candidiasis. Standard inflamma-
tory markers guide early suspicion along with clinical settings, followed by combined culture and
non-culture-based biomarkers sampling. While blood cultures take up to 5 days for providing results,
rapid non-culture biomarkers assays can guide early therapy decision. This approach emphasizes
that treatment initiation should not be delayed pending culture results.
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5. Conclusions
Diagnosing invasive candidiasis is challenging except for cases in which blood cultures

are positive. More often healthcare providers are relying on indirect or surrogate markers
to guide both diagnostic and therapeutic decisions.

Blood cultures remain the reference method for confirming invasive candidiasis, as
they provide definitive species identification and antifungal species susceptibility data,
but their limited sensitivity and slow turnaround time restrict their value for early diag-
nosis. Molecular assays, including PCR-based platforms, offer rapid and highly specific
detection and may identify infection even when cultures remain negative; however, their
implementation is constrained by cost, availability, and limited species coverage.

Serological biomarkers demonstrate variable applicability: mannan and anti-mannan
can support early detection, particularly when used in combination, whereas BDG is most
useful as a rule-out test due to its high Negative Predictive Value, but must be interpreted
carefully given its lower specificity and susceptibility to false positive results. Routine
inflammatory markers such as CRP and procalcitonin are not specific for fungal disease
but can contribute to differential diagnosis when integrated alongside fungal biomarkers.

Overall, the evidence suggests that no single assay is sufficient for reliable early di-
agnosis. A combined approach integrating clinical assessment with culture-based and
non-culture-based biomarkers offers the greatest diagnostic utility and supports more
timely therapeutic decisions. Building on these findings, the principal contribution of this
review is the proposed clinician-oriented diagnostic algorithm, which synthesizes current
evidence into a practical framework for real-world evaluation of suspected invasive can-
didiasis. Its stepwise structure aims to support earlier suspicion, guide rational biomarker
use, and facilitate more consistent diagnostic pathways across diverse clinical settings.
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PCR Polymerase Chain Reaction
ESCMID European Society of Clinical Microbiology and Infectious Diseases Guidelines
IDSA Infectious Diseases Society of America Guidelines
ECMM European Confederation of Medical Mycology
ISHAM International Society for Human & Animal Mycology
ASM American Society for Microbiology
BD Becton Dickinson
MALDI-TOF Matrix Assisted Laser Desorption/Ionization-Time-Of Flight
FDA Food and Drug Administration
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