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Abstract

Purpose of Review The true incidence of fungal disease is hampered by conventionally poor diagnostic tests, limited access 

to advanced diagnostics, and limited surveillance. The availability of serological testing has been available for over two dec-

ades and generally underpins the modern diagnosis of the most common forms of fungal disease. This review will focus on 

technical developments of serological tests for the diagnosis of fungal disease, describing advances in clinical performance 

when available.

Recent Findings Despite their longevity, technical, clinical, and performance limitations remain, and tests specific for fun-

gal pathogens outside the main pathogens are lacking. The availability of LFA and automated systems, capable of running 

multiple different tests, represents significant developments, but clinical performance data is variable and limited.

Summary Fungal serology has significantly advanced the diagnosis of the main fungal infections, with LFA availability 

increasing accessibility to testing. Combination testing has the potential to overcome performance limitations.

Keywords β-D-Glucan · Galactomannan · Aspergillus · Candida · Lateral flow assays · Fungal serology

Introduction

Through increased clinical intervention, immunosuppression 

and modulation, and the impacts of environmental change, 

the population at risk of fungal disease grows annually, but 

the true incidence of fungal disease is hampered by conven-

tionally poor diagnostic tests, limited access to advanced 

diagnostics, and the limited surveillance of most fungal dis-

eases. Serological testing has been available for over two 

decades in various guises and generally underpins the mod-

ern diagnosis of the most common forms of fungal disease, 

whether acute or chronic in manifestation. While some tests, 

such as the cryptococcal lateral flow assay (LFA), repre-

sent a near-perfect test with high sensitivity and specific-

ity on easily obtained specimens (e.g., serum), other tests 

(e.g., galactomannan ELISA (GM)) show variable perfor-

mance, dependent on host and underlying condition, fungal 

manifestation, and specimen type, yet remain the most estab-

lished biomarker assay for a particular condition.

This review will focus on technical developments of sero-

logical tests for the diagnosis of both acute invasive fun-

gal disease (IFD) and chronic fungal disease but will also 

describe advances in our understanding of clinical perfor-

mance when available.

Aspergillus Antigen ELISA Assays

The GM assay manufactured by BioRad likely represents 

the most well-established/accepted fungal biomarker assay. 

It has been in clinical use for over two decades, has well-

defined positivity thresholds in blood and bronchoalveolar 

lavage (BAL) fluid, and is recognized as the main myco-

logical criterion for defining invasive aspergillosis (IA) [1]. 

While the availability of a single assay provides methodo-

logical uniformity, it does not guarantee consistent perfor-

mance, and both sensitivity and specificity of the BioRad 

GM can fluctuate between centers [2]. A lack of competitive 

comparator assays minimizes the drive for continued assay 

development, and so the recent availability of alternative 

GM is, indeed, encouraging, provided clinical performance 

is satisfactory (Table 1). When processing large numbers 
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of samples, plate-based ELISA platforms are favorable, but 

generally limit testing to large centers or reference laborato-

ries. The subsequent logistics of sample transportation and 

return of results when different laboratory reporting systems 

are employed can severely hamper utility, even when the 

testing center provides rapid processing.

The availability of GM platforms designed to test 

small sample numbers has the potential to improve 

access to testing through wider availability, but much 

will be dependent on cost and clinical performance. 

One such platform is the Virclia® Monotest Aspergillus 

Galactomannan AG, a rapid (1 h), fully automated sandwich 

chemiluminescent immunoassay (CLIA) for the detection 

of galactomannan in plasma, serum, and BAL fluid. With 

each monotest containing reagents and controls individual 

to a sample, a single sample can be tested without using 

excessive, additional reagents on separate controls. Clinical 

performance of the test when testing serum and BAL fluid 

has recently been described (Table 1), concordance with the 

BioRad GM test was excellent (K: 0.722), with 15 discordant 

Virclia Positive/BioRad negative being clinical cases of IA 

compared to three BioRad positive/Virclia negative [3]. 

The area under the ROC curve using proven/probable IA 

as a reference was excellent (0.968). The availability of an 

automated GM ELISA system is useful for minimizing inter-

assay variability, where manual operational events could be 

a potential source of non-reproducible GM positivity and 

have been attributed to 33% of GM positivity [9]. However, 

the BioRad GM can be automated using the Evolis system 

or other widely used systems such as the DS2 Dynex 

platform, and other non-BioRad automated GM systems are 

available but lack published clinical validation (e.g., ERA 

FungiXpert) [3, 10].

The JF-5 antibody utilized in the OLM lateral flow device 

and detects a galactomannoprotein released from actively 

growing Aspergillus hyphae has recently been incorporated 

into a plate-based ELISA assay. The Euroimmun Asper-

gillus antigen ELISA generated good concordance with 

the BioRad GM when testing serum and while sensitivity 

was poor (45%) when only considering the result from a 

single, closest to the date of IA diagnosis, it improved (71%) 

when including assay positivity across a 7-week window 

[5]. Sensitivity was further improved (96%) using an alter-

native lower threshold (0.2) derived from ROC analysis, 

but specificity fell to 76%, compared to 97% when using 

the manufacturer’s thresholds. Interestingly, when test-

ing serum, the detection of non-hematological cases of IA 

was potentially better using the Euroimmun assay than the 

BioRad GM, improving on a known limitation of the lat-

ter. Indeed, other non-BioRad GM ELISA assays have been 

used to achieve an early diagnosis of IA in asthmatic and 

rheumatology patients [11]. However, a recent evaluation of 

the BioRad GM ELISA in non-neutropenic patients with a 

range of Aspergillus manifestations (IA, COVID-19 associ-

ated aspergillosis (CAPA), chronic pulmonary aspergillosis) 

generated an overall sensitivity of 89% (range 81–100%) 

when testing serum and assay specificity was less convinc-

ing (75%), primarily compromised by false positivity in 

patients with histoplasmosis (41%) and tuberculosis (43%) 

[12]. Conversely, the prospective performance of the BioRad 

GM ELISA, evaluated by a center proficient at performing 

this test in a large hematology cohort, generated sensitivity 

below what would be expected when testing serum (41%) 

and BAL fluid (78%) [6]. This may reflect the changing sta-

tus of neutropenia post non-myeloablative allogeneic stem 

transplantation on test performance, where patients are not 

as profoundly and prolongedly neutropenic compared to his-

toric myeloablative recipients.

The performance of the Euroimmun assay when 

testing BAL fluid has also raised questions regarding the 

suitability of the threshold. Using the manufacturer’s 

threshold, specificity was excellent (96%), but sensitivity 

was moderate (74%), although it could be improved (90%) 

by halving the threshold without compromising specificity 

[4]. However, in another study evaluating the Euroimmun 

assay in hematology patients, lowering the threshold when 

testing BAL fluid did not significantly improve sensitivity 

(66–75%), but did compromise specificity (91–68%), and 

the sensitivity was considered inferior to that of the BioRad 

GM [6]. In this study, lowering the Euroimmun positivity 

Table 1  The clinical 

performance of non-BioRad 

Aspergillus antigen assays

Assay Sample type Performance parameter Reference

Se (%) Sp (%) LR + tive LR -tive

Virclia Serum/BAL 81 100  > 810* 0.19 [3]

Euroimmun BAL 74 96 18.5 0.27 [4]

Serum 45 97 15.0 0.57 [5]

BAL 66 91 7.2 0.38 [6]

Serum 34 100  > 340* 0.66

BAL 89 84 5.6 0.13 [7]

Serum 43 92 5.4 0.62

IMMY Serum 71 98 35.5 0.3 [8]
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threshold when testing serum did significantly improve 

sensitivity (34–93%) with only a minor impairment to 

specificity (100–83%), and the authors concluded that the 

lower threshold should be considered. Similar findings have 

been reported in evaluations of other GM-EIA assays (e.g., 

IMMY GM-EIA) [8].

While well-established in the hematology cohort as the 

main diagnostic test for IA, the recently described EORTC 

trial comparing empirical and pre-emptive antifungal 

strategies in high-risk neutropenic patients not on mould-

active prophylaxis confirmed the BioRad GM as a safe 

method to underpin a pre-emptive antifungal strategy [13]. 

Overall survival at day 42 was 97% in the pre-emptive 

compared to 93% in the caspofungin empirical arm, with 

similar rates of IFD (pre-emptive: 7.7% vs empirical 6.6%) 

after 84 days. The use of antifungal therapy in the pre-

emptive arm was half that in the empirical arm, with no 

excess mortality or IFD documented.

Another major development in GM ELISA testing was 

the release of the second revision of the EORTC/MSGERC 

consensus definitions of IFD [1]. The updated definitions 

recommend a GM index threshold of 1.0 when testing 

serum or plasma, BAL fluid, or CSF, double the value 

recommended by the manufacturer and that previously 

stated in the first revision of these definitions [14]. While 

this higher threshold is widely accepted when testing BAL 

fluid, this increase when testing serum/plasma remains 

contentious. Justification for this increased stringency when 

testing serum/plasma was based on the increased likelihood 

of IA associated with increased specificity (90–94%), while 

accepting that this could hamper enrolment into clinical 

trials, it was felt that this improved rigor was critical to 

underpinning the accuracy of clinical studies. These more 

stringent classifications were retrospectively applied to 226 

cases of proven/probable IA and 139 cases of possible IFD 

in the Aspergillus Technology Consortium (AsteC) and to an 

antifungal prophylaxis trial [15]. From the AsTec collection, 

40 cases of probable IA were reclassified as possible IFD. 

In the clinical trial, between 31 and 36% of patients were 

reclassified as possible IFD, and classification of probable 

IA was delayed by a median of 3 days in 15% of evaluable 

patients, and there was no difference in mortality in patients 

retaining a probable classification with those reclassified as 

possible IFD. Stating a definitive GM positivity threshold 

in guidelines also has implications when GM ELISA assays 

other than the BioRad GM are becoming available but 

potentially with differing units of measurement or different 

positivity thresholds that reflect the different kinetics of 

reaction. While a single GM positivity threshold is applied 

and until there is sufficient available clinical performance 

data for novel GM assays to be incorporated in guidelines, 

it becomes critical to understand the correlation in 

positivity between BioRad and non-BioRad GM assays. 

The performance of GM assay when testing serum for the 

diagnosis of Aspergillus sinusitis was also recently generated 

through meta-analysis, providing a moderate sensitivity and 

specificity of 63% and 65%, respectively [16•].

During the COVID-19 pandemic, GM assays were 

regularly used to aid in the diagnosis of CAPA, frequently 

testing samples outside the manufacturer’s current 

recommendations of serum and BAL fluid. While the 

GM testing of BAL fluid is widely accepted across patient 

cohorts and serum positivity in CAPA patients an indication 

of poor prognosis, performance when testing samples such 

as sputum, endotracheal aspirates (ETA), and non-directed 

bronchial lavage (NBL) fluid is unclear [17]. For CAPA, the 

detection of GM in NBL fluid appears comparable to BAL 

fluid when using the BioRad GM ELISA or IMMY LFA [18, 

19]. For sputum, while GM positivity has been demonstrated 

in CAPA patients, the diagnostic validity of both positive 

and negative results is ambiguous, but testing these samples 

could be advocated in resource-limited settings [20]. For 

GM testing of ETA, moderate agreement with BAL fluid 

was demonstrated (kappa: 0.47, accuracy: 80%). Using a 

higher positivity threshold of ≥ 2.0 for ETA testing generated 

a BioRad GM sensitivity and specificity of 75% and 81%, 

respectively [21]. In another study outside of the CAPA 

population, 92% of GM positive BAL fluids were also GM 

positive in ETA, but 33 samples were GM positive in ETA 

alone, indicating that GM negativity in ETA was likely 

representative of negativity in BAL fluid (98% probability), 

while GM positivity in ETA was not indicative of BAL GM 

positivity (40% probability) [22].

Lateral Flow Assays

Lateral flow assays to aid in the diagnosis of IFD are well 

established for cryptococcosis and gaining traction for 

the diagnosis of IA, including CAPA where acceptable 

performance was attained when testing deep respiratory 

tract specimens, but has also demonstrated utility for the 

early diagnosis of CAPA in serum [19, 23, 24, 25]. Their 

simplicity of use provides rapid sample processing and 

together with relatively low cost negates the need for batch 

testing and permits application in resource-limited settings 

where access to BioRad GM ELISA may be limited [26]. 

The main issue of subjective, individual interpretation 

when reading lateral flow strips has been negated by the 

availability of a digital reader providing quantitative, 

consistent results.

As with the GM ELISA, cross-reactivity between the 

IMMY Aspergillus LFA and other fungal species (e.g., 

Fusarium, Scedosporium, Candida, and endemic fungi) has 

been documented when testing respiratory samples [26, 27]. 

Clinical performance data is emerging but remains limited 
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when compared to the BioRad GM ELISA, but performance 

varies dependent on the specific assay used (OLM LFD or 

IMMY LFA), the specimen tested (BAL fluid or serum/

plasma), and the patient cohort. Broadly speaking, the 

IMMY LFA generally provides good performance when 

testing BAL fluid or serum, whereas the OLM LFD appears 

to provide better sensitivity when testing BAL fluid, and 

in a recent study in hematology patients, the OLM LFD 

sensitivity when testing serum was poor (26%) [6, 24, 26, 

28]. In relation to BAL fluid testing, non-viscous/non-

haemolysed BAL fluid can be tested directly using the OLM 

LFD, permitting point-of-care testing. A recent technical 

process where neat serum was heated at 120 °C for 15 min 

prior to centrifugation significantly increased the sensitivity 

of the OLM LFD to 89%, compared to 56% when performing 

the manufacturer’s protocol [29]. When compared to 

the BioRad GM ELISA, the IMMY LFA generated an 

acceptable, albeit potentially inferior sensitivity (74% versus 

89%) when testing serum from non-neutropenic patients with 

a range of Aspergillus manifestations, although specificity 

was likely superior (84% versus 75%), with IMMY false 

positivity largely associated in patients with histoplasmosis 

[12]. The OLM LFD generated poor sensitivity (7%) but 

excellent specificity (98%) when testing BAL fluid for the 

diagnosis of chronic pulmonary aspergillosis [30]. Apart 

from serum and BAL fluid, a lateral flow assay utilizing 

the capture antibody mAb476 has been developed for the 

diagnosis of IA when testing urine, and preliminary results 

are encouraging (sensitivity: 80%; specificity: 92%), with 

sensitivity varying depending on underlying condition 

(cancer patient: 90%; other patients: 64%) [31].

An interesting development is the availability of lateral 

flow assays for the detection of Aspergillus IgG and IgM 

antibodies to aid in the diagnosis of chronic pulmonary 

aspergillosis (CPA), overcoming some of the limitations 

encountered in resource-limited settings (Table 2). In an 

initial retrospective, multicenter French evaluation, sensi-

tivity and specificity were 89% and 96%, respectively, with 

sensitivity increasing to 91% in a single-center prospective 

study [32]. Across the range of CPA manifestations, the 

sensitivity for the diagnosis of CPA (92%), allergic bron-

chopulmonary aspergillosis (93%, ABPA) was greater than 

that for invasive/sub-acute aspergillosis (67%), likely reflect-

ing the immune status of patients associated with the latter 

impacting antibody availability. The antibody LFA was posi-

tive in 88% of patients deemed colonized with Aspergillus, 

potentially complicating clinical interpretation. A UK-based 

study confirmed the excellent sensitivity (92%) and specific-

ity (98%), but also demonstrated that while sensitivity was 

optimal for the detection of disease caused by A. fumigatus 

(96%), the detection of non-fumigatus Aspergillus species 

remained acceptable (88%) and the LFA was also positive 

in 89% of cases where sputum culture was negative [33]. 

Lower specificities (72%) have been documented in some 

studies and in patients with bronchiectasis in the absence 

of aspergillosis (82%) [34, 35]. Sensitivity of the LFA for 

the diagnosis of ABPA and severe asthma with fungal sen-

sitization (SAFS) may be low (< 7%) [36]. A meta-analysis 

of this assay for the diagnosis of CPA generated pooled 

sensitivity and specificity of 90% and 91%, respectively, 

generating positive and negative likelihood ratios of 10 and 

0.11, indicating that the test is useful for both confirming 

and excluding CPA [37]. A recent pilot study compared the 

performance of the LFA when testing 15 µl of whole blood 

obtained by a “finger-prick” with that of testing serum/

plasma and determined 100% concordance between sample 

types [38].

The detection of IgG antibodies against enolase, a metal-

loenzyme present in the cytoplasm and cell wall of C. albi-

cans, has been incorporated into LFA to aid in the diagno-

sis of invasive candidiasis (IC), generating a sensitivity and 

specificity of 71% and 96%, respectively, for the diagnosis of 

candidaemia [41]. During the development of the Candida 

LFA, the authors also developed a plate-based ELISA test 

which generated a sensitivity and specificity of 87% and 

Table 2  The clinical 

performance of the LDBio 

Aspergillus ICT lateral flow 

assay for the detection of 

Aspergillus IgG and IgM 

antibodies

Manifestation Population (cases/

controls)

Performance parameter Reference

Se (%) Sp (%) LR + tive LR -tive

CPA 154/150 92 98 46.0 0.08 [33]

44/211 91 96 22.8 0.09 [32]

262/188 89 96 22.3 0.11

20/68 85 72 3.0 0.21 [34]

74/100 68 81 3.6 0.39 [39]

30/30 87 90 8.7 0.14 [37]

CPA post TB 20/70 80 70 2.7 0.29 [40]

ABPA 106/164 91 87 7.0 0.10 [35]

12/374 0 96  < 0.25* 1.04 [36]

SAFS 60/374 7 97 2.3 0.96
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90%, respectively, and concordance between the two tests 

was excellent (observed agreement: 93%, kappa: 0.851).

The development of an LFA specific to the detection of 

the principle causes of mucormycosis (Rhizopus arrhizus 

var. arrhizus (syn. Rhizopus oryzae) and Rhizopus arrhizus 

var. delemar (Rhizopus delemar)) can help overcome the 

current lack of a specific antigen test for mucormycosis 

[42]. Utilizing the IgG1 mAb KC9, which binds to 

15 kDa extracellular polysaccharide, the LFA generated 

a limit of detection of 500 ng/ml in serum and 100 ng/ml 

in BAL fluid, with no cross-reactivity with other fungal 

genera, including Aspergillus spp., Candida albicans, 

Cryptococcus neoformans, Fusarium spp., Scedosporium 

spp., and Lomentospora prolificans noted. This technical 

evaluation needs to be followed by a clinical evaluation 

and with the development of an LFA for the detection 

of fucomannan in the cell wall of Mucorales species, 

represents a much-needed diagnostic development for this 

aggressive disease [43].

Detection of (1–3)‑β‑D‑Glucan

The detection of (1–3)-β-D-glucan (BDG) in the cell wall of 

most fungal species is a well-established but not necessarily 

universally accepted diagnostic strategy. While overall clinical 

sensitivity and specificity for the detection for generalized 

IFD is comparable with that of other biomarkers, the lack of 

fungal genus/species level identification and multiple potential 

sources of procedural and clinical false positivity can limit the 

appeal of the test [44, 45, 46, 47, 48, 48]. Nevertheless, the 

generally high negative predictive value (> 95%) has led to 

its recommendation for excluding in IFD in national clinical 

guidelines, underpinning antifungal stewardship schemes 

[49, 50]. Conversely, BDG positivity is not necessarily 

indicative of IFD, and the CandiSep randomized control trial 

investigating whether BDG positivity shortened the time to 

treatment and improved prognosis in ICU patients at risk of 

IC presenting with sepsis showed that BDG-guided treatment 

did not improve survival [51]. As BDG is one of the main 

fungal antigens recognized by the human innate immunity, 

generally leading to a pro-inflammatory response and possibly 

worsening signs of sepsis and mortality, its presence, even 

in the absence of IFD, may be associated with poor patient 

outcome, and subsequently, its use to guide antifungal therapy 

may be misleading, and combining BDG testing with other 

mycological investigations is warranted [52]. BDG positivity 

in serum can also be indicative of disease progression and 

subsequent worse patient prognosis (e.g., CAPA) [17]. Given 

the multiple sources of BDG false positivity, developing 

algorithms which incorporate additional mycology alongside 

BDG testing is critical to gaining an understanding of the 

probability of infection when presented with multiple, 

potentially discordant results. Algorithms incorporating BDG 

alongside PCR have been proposed for the management of 

PcP and IC, the latter utilizing likelihood ratios to provide 

the probability of IC according to the various combinations 

of diagnostic results [53, 54].

The validity and utility of BDG testing of cerebrospinal 

fluid (CSF) is still to be fully determined, but the presence 

of BDG in CSF is less likely to be associated with a non-

fungal/infective source, and given the range of fungi capable 

of causing cerebral infection, the application of broad-fungal 

biomarker could be clinically beneficial. A recent systematic 

review of BDG testing of CSF included 14 studies describing 

a range of fungi causing cerebral IFD (Candida, Aspergillus, 

Exserohilum, Cryptococcus, Endemic fungi), and while a 

meta-analysis was not feasible due to the different causative 

agents and individual study limitations (e.g., case reports), 

in general, BDG levels appeared to be elevated in case of 

cerebral IFD compared to controls, potentially correlating 

with disease severity and treatment response [55•]. In the five 

studies where clinical performance validation was possible, 

sensitivity ranged from 53% for the detection of fungal 

meningitis caused by Histoplasma capsulatum to 100% for 

Exserohilum rostratum, with specificity ranging from 82 to 

98%. Interestingly, despite the limited presence of BDG in the 

cell wall of Cryptococcus neoformans, the sensitivity of CSF 

BDG for the diagnosis of cryptococcal meningitis was 89% 

[55•]. A recent study demonstrated that the sensitivity of CSF 

BDG for the diagnosis of cerebral candidiasis and cerebral 

aspergillosis was 100%, albeit specificity was 70% [56].

BDG positivity has also been incorporated into a risk 

score model for predicting invasive candidiasis, where 

multivariate logistic regression analysis identified BDG 

positivity alongside CD8 + T-cell counts < 143 cells/µl, 

receipt of high dose corticosteroids, administration of 

carbapenem/tigecycline, an APACHE II score ≥ 15, and 

emergency gastrointestinal/hepatobiliary (GH) surgery with 

a significant risk of IC [57]. Five variables were assigned a 

weighted score of one point, with GH surgery designated 

two points based on a larger regression coefficient. Scores of 

0–2 were considered low risk if IC, 3–4 moderate risk, and 

5–7 high risk. Scores of < 1 had a high negative predictive 

value (> 98%) for excluding IC; conversely, scores of ≥ 6 

had a positive predictive value of 88.9%. The optimal overall 

threshold was ≥ 3, generating a sensitivity and specificity 

for the diagnosis of IC of 83% and 68%, respectively [57]. 

Combining BDG testing with Candida albicans germ-tube 

(CAGTA) antibody (IgG) immunofluorescence generated 

excellent sensitivity (97%) and moderate specificity (71%) 

for the diagnosis of IC, when either test was positive [58]. 

The combined BDG/CAGTA sensitivity was superior 

for the detection of IC caused by C. albicans compared 

to disease caused by non-albicans species. Median BDG 

concentrations in species other than C. albicans associated 
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with candidaemia can be lower (C. albicans: 182 pg/ml, 

C. parapsilosis: 78 pg/ml; C. auris: 48 pg/ml), leading 

to a reduction in BDG sensitivity for the diagnosis of 

candidaemia dependent on species (C. albicans: 65% vs C. 

auris: 42%) [59]. The sensitivity of the Wako BDG assay 

for the detection of IC caused by non-albicans species was 

increased by 24% when the positivity threshold was reduced 

to 7 pg/ml [60].

The major restriction to widespread accessibility to the test 

is sufficient sample numbers that subsequently offset the poten-

tially restrictive testing costs. The availability of novel BDG 

platforms that permit the cost-effective testing of low sample 

numbers with minimal “hands-on” time is a possible solution 

(Fuji-Film Wako, Associates of Cape Fungitell STAT, ERA 

Biology Fully automated Chemiluminescence Immunoassay 

System (FACIS)), and the availability of multiple, commercially 

available BDG assays provides competition to control price 

(Table 3). Currently, clinical validation is limited, or indeed lack-

ing, for some platforms and optimal positivity thresholds still 

require defining [61, 62, 63, 64, 65, 66, 67, 68, 69]. In general, 

clinical performance for the non-Fungitell assays is associated 

with lesser sensitivity than the established test, which can be 

partially resolved by utilizing positivity thresholds lower than 

those currently recommended by the manufacturer (Table 3). 

Some studies demonstrated particularly low sensitivities (50%) 

for novel BDG tests when diagnosing PcP, a condition typically 

associated with a high sensitivity (> 90%) [68]. However, this 

could be associated with the underlying condition of the patient, 

and pooled BDG sensitivity for the diagnosis of PcP in the HIV-

negative patient appears to be lower (86%) [47].

Detection of Antibodies

The performance of assays developed to detect antibodies 

raised by the host against fungal disease varies dependent 

on the etiology of the infection, the host’s underlying con-

dition, and the disease manifestation. For chronic pulmo-

nary aspergillosis (CPA), testing for Aspergillus specific 

IgG using commercially available assays is generally highly 

specific (> 90%) while providing acceptable sensitivity 

[72]. A range of different methods (Aspergillus precipitins, 

ELISA, Western blot) are available for the detection of IgG, 

with ImmunoCAP and Immulite assays generally providing 

superior performance [73]. Across all IgG ELISA assays, 

the optimal thresholds for the diagnosis of CPA could vary 

from that defined by the manufacturer and may be influ-

enced by CPA manifestation and the Aspergillus species 

causing infection, given most assays target A. fumigatus 

[73]. The detection of Aspergillus specific IgE and total IgE 

Table 3  Recent studies 

evaluating the performance of 

various assays for the detection 

of (1–3)-β-D-glucan in serum

Assay Population (n/N, (IFD)) Threshold Performance parameter Reference

Se (%) Sp (%) LR + tive LR -tive

Wako 31/60 (IC, IA, PcP) 7 pg/ml 36 95 7.2 0.67 [67]

135/187 (IC, IA, PcP) 93 97 31 0.07 [66]

13/43 (IC) 54 65 1.5 0.71 [65]

73/34 (IC) 58 85 3.9 0.49 [60]

129/46 (IC) 70 91 7.8 0.33

97/60 (IA/IC) 5 pg/ml 79 88 6.6 0.24 [63]

120/200 (IC) 3.8 pg/ml 73 91 8.1 0.19 [62]

63/na (PcP) 95 na na na

41/188 (IA) 2.4 46 90 4.6 0.6 [69]

Fungitell 28/56 (IC, IA, PcP) 80 pg/ml 61 96 15.3 0.41 [67]

135/187 (IC, IA, PcP) 98 97 32.7 0.02 [66]

13/43 (IC) 77 51 1.6 0.45 [65]

13/28 (IA) 95 51 1.9 0.10 [70]

97/60 (IA/IC) 92 98 46 0.09 [63]

120/200 (IC) 87 85 5.8 0.15 [62]

63/na (PcP) 100 na na na

Dynamiker 23/23 (PcP) 95 pg/ml 87 70 2.9 0.19 [71]

43/64 (IC, IA, PcP) 81 78 3.7 0.24 [68]

13/28 (IA) 71 66 2.1 0.44 [70]

STAT 13/43 (IC) 1.2 69 53 1.5 0.58 [65]

17/49 (CAPA) 71 94 11.8 0.31 [64]

9/49 (IC) 78 94 13.0 0.23

28/49 (IFD) 68 94 11.3 0.34
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aids in the diagnosis of allergic aspergillois and can be used 

to differentiate allergic bronchopulmonary aspergillosis 

from Aspergillus sensitized asthma (e.g., IgE against Asp 

f1-f4), with IgG levels potentially higher in patients with 

Aspergillus bronchitis (e.g., IgG against Asp f1 and f2) [74]. 

The detection of antibodies in patients with suspected IA 

is generally limited by the underlying, immunosuppressive 

condition of the patient, where the risk of IA is associated 

with the inability to raise a sufficient immune response [75]. 

However, studies are demonstrating raised baseline levels 

of IgG against various antigens (HsP90, Pep2, Crf1, and 

Cdc37) in patients with IA prior to chemotherapy or stem 

cell transplantation [76].

The detection of anti-mannan IgG/IgM antibodies to aid the 

diagnosis of IC can be performed using commercial kits from 

a range of manufacturers (e.g., BioRad, Serion, Dynamiker), 

but both sensitivity (52–93%) and specificity (54–98%) vary 

between studies, assays, clinical manifestation, and causative 

species (optimal detection for C. albicans, C. glabrata, and 

C. tropicalis) [73]. Combined Candida antibody testing (IgG 

and IgM) or combining antibody testing with antigen testing 

(BDG or mannan ELISA) or molecular diagnosis may provide 

improved clinical performance for the diagnosis of IC, but the 

optimal strategy is yet to be determined [77, 78].

None of the assays described reflect novel technological 

developments for the detection of fungal antigens. 

The availability of the previously mentioned CAGTA 

immunofluorescence assay, with IgG antibodies targeting 

the hyphal protein (Hwp1) expressed by C. albicans during 

active hyphal growth, may differentiate active infection 

from colonization, potentially overcoming a known 

limitation of anti-mannan antibody assays, although the 

sensitivity and specificity of the CAGTA of the diagnosis 

of IC varies [79]. A systematic review and meta-analysis 

of CAGTA performance generated pooled sensitivity and 

specificity of 66% and 76%, respectively, highlighting 

the need to combine this test with other mycological 

assays (e.g., BDG or Mannan ELISA) [58, 79, 80]. The 

development of LFA for the detection of Aspergillus 

antibodies (described in the lateral flow section) is a 

significant, recent development in this field, and similar 

LFA assays for the detection of Candida antibodies have 

been developed. In addition to the Candida LFA utilizing 

IgG antibodies to target enolase (also described in the 

lateral flow section), immunochromatographic LFA tests 

targeting mannan have been developed and are undergoing 

clinical assessment on a range of clinical samples. 

Oropharyngeal swabs were tested by ICT to aid in the 

diagnosis of oral candidiasis generating a sensitivity and 

specificity of 90% and 91%, respectively, when compared 

to culture [81]. The development of a dual path platform 

immunoassay for the detection of C. albicans in blood 

demonstrated a 3.9-fold increase in analytical sensitivity 

compared to conventional lateral flow modalities, but the 

reported limit of detection (8 ×  105 cells/ml serum) was 

not encouraging from a clinical perspective, and to date, 

clinical validation is not available [82]. The availability 

of FACIS systems with the capacity to automatically 

perform a range of fungal antigen and antibody tests is 

encouraging, but clinical validation is currently limited.

New potential targets for the diagnosis of IC have been 

identified by mass spectrometry-based proteomic analysis 

of the C. albicans hyphal secretome and serum of patients 

with and without IC [83]. Of the 301 secreted hyphal 

proteins identified, seven (Bgl2 (1,3-β-glucosyltransferease), 

Eno1 (Enolase), Pgk1 (phosphoglycerate kinase), Glx3 

(glutathione independent glyoxalase), Sap5 (secreted 

aspartyl proteinase), Pra1 (pH regulated antigen), and Tdh3 

(glyceraldehyde-3-phosphate)) were immunogenic with the 

potential to differentiate patients with IC. The detection of 

IgG antibodies against enolase has already been reported 

(see LFA section), and it will be interesting to see if these 

other potential targets are exploited in the development of 

future assays [41]. Mass spectrometry has also been used 

to identify fungal trehalose in the serum of patients to aid 

the diagnosis of IC, generating positive results in all five 

candidaemic, BDG-positive patients, whereas mannan 

antigen ELISA testing was negative in two patients [84].

In relation to alternative targets for aspergillosis antibody 

detection, an ELISA for the detection of IgG, IgM, and IgA 

against mitogillin (a ribotoxin responsible for cleaving the 

phosphodiester bond in eukaryotic 29S rRNA ribosomes) 

has been described, generating excellent sensitivity (100%) 

and specificity (95%) for the diagnosis of aspergilloma [85]. 

Other studies have identified A. fumigatus recombinant 

proteins that were associated with raised antibody levels 

in patients with aspergilloma and ABPA [86]. While 

chitosanase CsnB has been studied as a potential antigen 

for aspergillosis, clinical levels of anti-CsnB IgG antibodies 

were not useful for the diagnosis of IA [87]. Recent 

proteome analysis of BAL fluid from a murine model and 

clinical cases of IA identified 11 proteins that, while not 

specific for IA, when found in combination may be a useful 

diagnostic indication of IA [88].

Apart from the main fungal pathogens (Aspergillus and 

Candida), the availability of diagnostic antibody tests for 

other fungal pathogens is limited [89]. Despite the extensive 

reporting of infections caused by an array of species within 

the Basidiomycetes division, reports are limited to antibody 

testing for Schizophyllum commune in patients with allergic 

bronchopulmonary mycosis and fungal ball [90]. Other 

antibody tests for potential mould pathogens include IgG 

against a cell wall mannoprotein of Talaromyces marneffei and 

various antibody assays for the diagnosis of Pythium insidiosum 

infections [91, 92]. The characterization of a fungal aspartic 

protease allergen Rhi o 1 from the airborne mold Rhizopus 
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oryzae could be used to underpin a diagnostic antibody test 

for mucormycosis caused by this species [93]. Antibody 

tests for pneumocystosis, cryptococcosis, sporothrichosis, 

scedosporiosis, and saccharomyces cerevisiae infection have 

been described [73, 94].

Concluding Remarks

The development of serological tests targeting fungal 

antigens or strictly targeting antifungal antibodies has greatly 

enhanced our ability to diagnose fungal disease whether 

acute and invasive or chronic/allergic in presentation. 

Despite their availability for over two decades, technical, 

clinical, and performance limitations remain, and tests 

specific for fungal pathogens outside the main pathogens 

are lacking. The availability of LFA to detect both antigen 

and antibody likely represents a significant development in 

accessibility to testing in resource-limited centers but can 

also improve time to result in centers where demand for 

testing undermines the use of high throughput platforms. 

The availability of automated systems, capable of running 

multiple different fungal biomarker and antibody tests, 

represents a significant technical development, but as with 

the LFA assays, we are still determining clinical validity 

and identifying variables that influence performance. The 

positive impact of serological testing on the diagnosis of 

fungal disease is obvious, and 65% of diagnostic-driven 

antifungal stewardship schemes have successfully involved 

BDG or GM testing, reducing unnecessary antifungal 

therapy without negatively impacting patient outcome 

[95••]. Nevertheless, when the performance of serological 

testing is assessed through systematic review and meta-

analysis, it is evident that, CrAg LFA aside, no single test 

can confidently confirm or exclude IFD and serological 

testing, while capable of determining refractory fungal 

disease through persisting positivity, it cannot specifically 

identify antifungal resistance. Combining tests (whether a 

combination of different antigens, antigen with antibody, 

antigen with molecular, or antibody with molecular) appears 

optimal. For some IFD, such as Pneumocystis pneumonia 

or IA, we may have already identified optimal diagnostic 

combinations (namely, BDG and PCP PCR and GM and 

Aspergillus PCR, respectively), but this does not mean we 

should not strive to improve diagnosis further by embracing 

novel technology (e.g., next-generation sequencing); for 

other fungal manifestations, we are still to determine optimal 

diagnostic strategies, and optimal diagnosis of fungal disease 

in resource-limited settings remains difficult.

Declarations 

Conflict of Interest PLW performed diagnostic evaluations and re-

ceived meeting sponsorship from Bruker; speakers fees, expert advice 

fees, and meeting sponsorship from Gilead; expert advice fees from 

F2G and speaker fees from Pfizer; speakers fees and performed diag-

nostic evaluations for Associates of Cape Cod and IMMY.

Human and Animal Rights and Informed Consent This article does not 

contain any studies with human or animal subjects performed by any 

of the authors.

Open Access This article is licensed under a Creative Commons 

Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, 

as long as you give appropriate credit to the original author(s) and the 

source, provide a link to the Creative Commons licence, and indicate 

if changes were made. The images or other third party material in this 

article are included in the article's Creative Commons licence, unless 

indicated otherwise in a credit line to the material. If material is not 

included in the article's Creative Commons licence and your intended 

use is not permitted by statutory regulation or exceeds the permitted 

use, you will need to obtain permission directly from the copyright 

holder. To view a copy of this licence, visit http:// creat iveco mmons. 

org/ licen ses/ by/4. 0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. Donnelly JP, Chen SC, Kauffman CA, Steinbach WJ, Baddley 

JW, Verweij PE, Clancy CJ, Wingard JR, Lockhart SR, Groll 

AH, Sorrell TC, Bassetti M, Akan H, Alexander BD, Andes 

D, Azoulay E, Bialek R, Bradsher RW, Bretagne S, Calandra 

T, Caliendo AM, Castagnola E, Cruciani M, Cuenca-Estrella 

M, Decker CF, Desai SR, Fisher B, Harrison T, Heussel CP, 

Jensen HE, Kibbler CC, Kontoyiannis DP, Kullberg BJ, Lagrou 

K, Lamoth F, Lehrnbecher T, Loeffler J, Lortholary O, Mae-

rtens J, Marchetti O, Marr KA, Masur H, Meis JF, Morrisey 

CO, Nucci M, Ostrosky-Zeichner L, Pagano L, Patterson TF, 

Perfect JR, Racil Z, Roilides E, Ruhnke M, Prokop CS, Shoham 

S, Slavin MA, Stevens DA, Thompson GR, Vazquez JA, Viscoli 

C, Walsh TJ, Warris A, Wheat LJ, White PL, Zaoutis TE, Pappas 

PG. Revision and update of the consensus definitions of invasive 

fungal disease from the European Organization for Research and 

Treatment of Cancer and the Mycoses Study Group Education 

and Research Consortium. Clin Infect Dis. 2020;71(6):1367–76. 

https:// doi. org/ 10. 1093/ cid/ ciz10 08.

 2. Leeflang MM, Debets-Ossenkopp YJ, Wang J, Visser CE, 

Scholten RJ, Hooft L, Bijlmer HA, Reitsma JB, Zhang M, 

Bossuyt PM, Vandenbroucke-Grauls CM. Galactomannan detec-

tion for invasive aspergillosis in immunocompromised patients. 

Cochrane Database Syst Rev. 2015;2015(12):CD007394. https:// 

doi. org/ 10. 1002/ 14651 858. CD007 394. pub2.

 3. Calero AL, Alonso R, Gadea I, Vega MDM, García MM, Muñoz 

P, Machado M, Bouza E, García-Rodríguez J. Comparison of 

the performance of two galactomannan detection tests: plate-

lia Aspergillus Ag and Aspergillus galactomannan Ag Virclia 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1002/14651858.CD007394.pub2
https://doi.org/10.1002/14651858.CD007394.pub2


140 Current Fungal Infection Reports (2023) 17:132–143

1 3

Monotest. Microbiol Spectr. 2022;10(2):e0262621. https:// doi. 

org/ 10. 1128/ spect rum. 02626- 21.

 4. Egger M, Penziner S, Dichtl K, Gornicec M, Kriegl L, Krause 

R, Khong E, Mehta S, Vargas M, Gianella S, Porrachia M, Jenks 

JD, Venkataraman I, Hoenigl M. Performance of the euroim-

mun Aspergillus antigen ELISA for the diagnosis of invasive 

pulmonary aspergillosis in bronchoalveolar lavage fluid. J Clin 

Microbiol. 2022;60(4):e0021522. https:// doi. org/ 10. 1128/ jcm. 

00215- 22.

 5. Dichtl K, Seybold U, Ormanns S, Horns H, Wagener J. Evalua-

tion of a novel Aspergillus antigen enzyme-linked immunosorb-

ent assay. J Clin Microbiol. 2019;57:e00136-e219.

 6. Aerts R, Mercier T, Houben E, Schauwvlieghe A, Lagrou K, 

Maertens J. Performance of the JF5-based galactomannoprotein 

EIA compared to the lateral flow device and the galactomannan 

EIA in serum and bronchoalveolar lavage fluid. J Clin Microbiol. 

2022;60(11):e0094822. https:// doi. org/ 10. 1128/ jcm. 00948- 22.

 7. Roiz-Mesones MP, Pintos-Fonseca A de M, Ahedo-García N, 

de Alegría-Puig CR. Evaluation of the EUROIMMUN Aspergil-

lus antigen immunoenzyme assay in serumand bronchoalveolar 

lavage fluid samples. Enferm Infecc Microbiol Clín. 2021;ISSN 

0213–005X. https:// doi. org/ 10. 1016/j. eimc. 2021. 08. 011.

 8. White PL, Price JS, Posso R, Vale L, Backx M. An evaluation 

of the performance of the IMMY Aspergillus galactomannan 

enzyme-linked immunosorbent assay when testing serum to 

aid in the diagnosis of invasive aspergillosis. J Clin Microbiol. 

2020;58:e01006-e1020. https:// doi. org/ 10. 1128/ JCM. 01006- 20.

 9. Guigue N, Lardeux S, Alanio A, Hamane S, Tabouret M, 

Bretagne S. Importance of operational factors in the reproduc-

ibility of Aspergillus galactomannan enzyme immune assay. 

PLoS One. 2015;10(4):e0124044. https:// doi. org/ 10. 1371/ journ 

al. pone. 01240 44.

 10. Gorton RL, White PL, Bagkeris E, Cotterall D, Desai R, 

McHugh T, Kibbler CC. Improved standardization of the Bio-

Rad Platelia Aspergillus galactomannan antigen sandwich 

enzyme immunoassay using the DS2 (Dynex) enzyme-linked 

immunosorbent assay (ELISA) processing system. J Clin Micro-

biol. 2015;53:2072–8. https:// doi. org/ 10. 1128/ JCM. 00157- 15.

 11. Hussein AA, Al-Janabi S, Ali RN. Early diagnosis of aspergillo-

sis in asthmatic and rheumatoid arthritis patients by Aspergillus 

galactomannan antigen assay: a case-control study in Karbala 

providence. J Asthma. 2022;59(11):2276–82. https:// doi. org/ 10. 

1080/ 02770 903. 2021. 19966 01.

 12. Almeida-Paes R, de Abreu Almeida M, de Macedo PM, Cac-

eres DH, Zancopé-Oliveira RM. Performance of two commercial 

assays for the detection of serum Aspergillus galactomannan in 

non-neutropenic patients. J Fungi. 2022;8:741. https:// doi. org/ 

10. 3390/ jof80 70741.

 13. Maertens J, Lodewyck T, Donnelly JP, Chantepie S, Robin C, 

Blijlevens N, Turlure P, Selleslag D, Baron F, Aoun M, Heinz 

WJ, Bertz H, Ráčil Z, Vandercam B, Drgona L, Coiteux V, Llor-

ente CC, Schaefer-Prokop C, Paesmans M, Ameye L, Meert 

L, Cheung KJ, Hepler DA, Loeffler J, Barnes R, Marchetti O, 

Verweij P, Lamoth F, Bochud PY, Schwarzinger M, Cordonnier 

C, Infectious Diseases Group and the Acute Leukemia Group 

of the European Organization for Research and Treatment of 

Cancer. Empiric vs preemptive antifungal strategy in high-risk 

neutropenic patients on fluconazole prophylaxis: a randomized 

trial of the European Organization for Research and Treatment 

of Cancer. Clin Infect Dis. 2023;76(4):674–82. https:// doi. org/ 

10. 1093/ cid/ ciac6 23.

 14. De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE, 

Calandra T, Pappas PG, Maertens J, Lortholary O, Kauffman 

CA, Denning DW, Patterson TF, Maschmeyer G, Bille J, Dis-

mukes WE, Herbrecht R, Hope WW, Kibbler CC, Kullberg BJ, 

Marr KA, Muñoz P, Odds FC, Perfect JR, Restrepo A, Ruhnke 

M, Segal BH, Sobel JD, Sorrell TC, Viscoli C, Wingard JR, 

Zaoutis T, European Organization for Research and Treatment of 

Cancer/Invasive Fungal Infections Cooperative Group, National 

Institute of Allergy and Infectious Diseases Mycoses Study 

Group (EORTC/MSG) Consensus Group. Revised definitions 

of invasive fungal disease from the 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) con-

sensus Group. Clin Infect Dis. 2008;46(12):1813–21. https:// doi. 

org/ 10. 1086/ 588660.

 15. Wingard JR, Alexander BD, Baden LR, Chen M, Sugrue MW, 

Leather HL, Caliendo AM, Clancy CJ, Denning DW, Marty 

FM, Nguyen MH, Wheat LJ, Logan BR, Horowitz MM, Marr 

KA. Impact of changes of the 2020 consensus definitions of 

Invasive aspergillosis on clinical trial design: unintended 

consequences for prevention trials? Open Forum Infect Dis. 

2021;8(10):ofab441. https:// doi. org/ 10. 1093/ ofid/ ofab4 41.

 16.• Chang SW, Nam JS, Ha JG, Kim NW, Almarzouq WF, Kim 

CH, Yoon JH, Cho HJ. Detecting serum galactomannan to diag-

nose acute invasive Aspergillus sinusitis: a meta-analysis. Eur 

Arch Otorhinolaryngol. 2022;279(2):793–800. https:// doi. org/ 

10. 1007/ s00405- 021- 06857-8. A study evaluating the perfor-

mance of GM ELISA for the diagnosis of Aspergillus sinusi-

tis, providing much-needed data for this test specific to this 

common secondary manifestation.

 17. Ergün M, Brüggemann RJM, Alanio A, Dellière S, van Arkel 

A, Bentvelsen RG, Rijpstra T, Sar-van der Brugge S, Lagrou 

K, Janssen NAF, Buil JB, van Dijk K, Melchers WJG, Reijers 

MHE, Schouten JA, Wauters J, Cordey A, Soni S, White PL, 

van de Veerdonk FL, Verweij PE. Aspergillus test profiles and 

mortality in critically Ill COVID-19 patients. J Clin Microbiol. 

2021;59(12):e0122921. https:// doi. org/ 10. 1128/ JCM. 01229- 21.

 18. Van Biesen S, Kwa D, Bosman RJ, Juffermans NP. Detection of 

invasive pulmonary aspergillosis in COVID-19 with nondirected 

BAL. Am J Respir Crit Care Med. 2020;202(8):1171–3. https:// 

doi. org/ 10. 1164/ rccm. 202005- 2018LE.

 19. Autier B, Prattes J, White PL, Valerio M, Machado M, Price 

J, Egger M, Gangneux JP, Hoenigl M. Aspergillus lateral flow 

assay with digital reader for the diagnosis of COVID-19-Asso-

ciated Pulmonary Aspergillosis (CAPA): a multicenter study. J 

Clin Microbiol. 2022;60(1):e0168921. https:// doi. org/ 10. 1128/ 

JCM. 01689- 21.

 20. Jabeen K, Farooqi J, Irfan M, Ali SA, Denning DW. Diagnostic 

dilemma in COVID-19-associated pulmonary aspergillosis. Lan-

cet Infect Dis. 2021;21(6):767. https:// doi. org/ 10. 1016/ S1473- 

3099(21) 00066-9.

 21. Roman-Montes CM, Martinez-Gamboa A, Diaz-Lomelí P, 

Cervantes-Sanchez A, Rangel-Cordero A, Sifuentes-Osornio 

J, Ponce-de-Leon A, Gonzalez-Lara MF. Accuracy of galacto-

mannan testing on tracheal aspirates in COVID-19-associated 

pulmonary aspergillosis. Mycoses. 2021;64(4):364–71. https:// 

doi. org/ 10. 1111/ myc. 13216.

 22. Dichtl K, Barry R, Angstwurm MWA, Suerbaum S, Wagener J. 

Performance of galactomannan testing from endotracheal aspi-

rate to guide bronchoalveolar lavage in the diagnosis of invasive 

aspergillosis. Infection. 2023;4:1–6. https:// doi. org/ 10. 1007/ 

s15010- 023- 01985-1.

 23. Huang HR, Fan LC, Rajbanshi B, Xu JF. Evaluation of a new 

cryptococcal antigen lateral flow immunoassay in serum, 

cerebrospinal fluid and urine for the diagnosis of cryptococ-

cosis: a meta-analysis and systematic review. PLoS One. 

2015;10:e0127117.

 24. White LP, Price JS. Recent advances and novel approaches 

in laboratory-based diagnostic mycology. J Fungi. 2021;7:41. 

https:// doi. org/ 10. 3390/ jof70 10041.

https://doi.org/10.1128/spectrum.02626-21
https://doi.org/10.1128/spectrum.02626-21
https://doi.org/10.1128/jcm.00215-22
https://doi.org/10.1128/jcm.00215-22
https://doi.org/10.1128/jcm.00948-22
https://doi.org/10.1016/j.eimc.2021.08.011
https://doi.org/10.1128/JCM.01006-20
https://doi.org/10.1371/journal.pone.0124044
https://doi.org/10.1371/journal.pone.0124044
https://doi.org/10.1128/JCM.00157-15
https://doi.org/10.1080/02770903.2021.1996601
https://doi.org/10.1080/02770903.2021.1996601
https://doi.org/10.3390/jof8070741
https://doi.org/10.3390/jof8070741
https://doi.org/10.1093/cid/ciac623
https://doi.org/10.1093/cid/ciac623
https://doi.org/10.1086/588660
https://doi.org/10.1086/588660
https://doi.org/10.1093/ofid/ofab441
https://doi.org/10.1007/s00405-021-06857-8
https://doi.org/10.1007/s00405-021-06857-8
https://doi.org/10.1128/JCM.01229-21
https://doi.org/10.1164/rccm.202005-2018LE
https://doi.org/10.1164/rccm.202005-2018LE
https://doi.org/10.1128/JCM.01689-21
https://doi.org/10.1128/JCM.01689-21
https://doi.org/10.1016/S1473-3099(21)00066-9
https://doi.org/10.1016/S1473-3099(21)00066-9
https://doi.org/10.1111/myc.13216
https://doi.org/10.1111/myc.13216
https://doi.org/10.1007/s15010-023-01985-1
https://doi.org/10.1007/s15010-023-01985-1
https://doi.org/10.3390/jof7010041


141Current Fungal Infection Reports (2023) 17:132–143 

1 3

 25. Giusiano G, Fernández NB, Vitale RG, Alvarez C, Ochiuzzi 

ME, Santiso G, Cabeza MS, Tracogna F, Farías L, Afeltra J, 

Noblega LM, Giuliano CV, Garcia-Effron G. Usefulness of 

Sōna Aspergillus Galactomannan LFA with digital readout as 

diagnostic and as screening tool of COVID-19 associated pul-

monary aspergillosis in critically ill patients. Data from a mul-

ticenter prospective study performed in Argentina. Med Mycol. 

2022;60(5):myac026. https:// doi. org/ 10. 1093/ mmy/ myac0 26.

 26. Jenks JD, Miceli MH, Prattes J, Mercier T, Hoenigl M. The 

Aspergillus lateral flow assay for the diagnosis of invasive Asper-

gillosis: an update. Curr Fungal Infect Rep. 2020;14(4):378–83. 

https:// doi. org/ 10. 1007/ s12281- 020- 00409-z.

 27 Lass-Flörl C, Lo Cascio G, Nucci M, Camargo Dos Santos M, 

Colombo AL, Vossen M, et al. Respiratory specimens and the 

diagnostic accuracy of Aspergillus lateral flow assays (LFA 

IMMY™): real-life data from a multicentre study. Clin Micro-

biol Infect. 2019;25(12):1563.e1-.e3.

 28. Pan Z, Fu M, Zhang J, Zhou H, Fu Y, Zhou J. Diagnostic accu-

racy of a novel lateral-flow device in invasive aspergillosis: a 

meta-analysis. J Med Microbiol. 2015;64:702–7.

 29. Chaturvedi CP, Hashim Z, Tripathy NK. A new and highly sen-

sitive serum mannoprotein lateral flow assay for point-of-care 

diagnosis of invasive aspergillosis (tripathy method). Cureus. 

2022;14(6):e26025. https:// doi. org/ 10. 7759/ cureus. 26025.

 30. Salzer HJF, Prattes J, Flick H, Reimann M, Heyckendorf J, 

Kalsdorf B, Obersteiner S, Gaede KI, Herzmann C, Johnson 

GL, Lange C, Hoenigl M. Evaluation of galactomannan test-

ing, the Aspergillus-specific lateral-flow device test and levels 

of cytokines in bronchoalveolar lavage fluid for diagnosis of 

chronic pulmonary aspergillosis. Front Microbiol. 2018;9:2223. 

https:// doi. org/ 10. 3389/ fmicb. 2018. 02223.

 31. Marr KA, Datta K, Mehta S, Ostrander DB, Rock M, Francis 

J, Feldmesser M. Urine antigen detection as an aid to diagnose 

invasive aspergillosis. Clin Infect Dis. 2018;67(11):1705–11. 

https:// doi. org/ 10. 1093/ cid/ ciy326.

 32. Piarroux RP, Romain T, Martin A, Vainqueur D, Vitte J, 

Lachaud L, Gangneux J-P, Gabriel F, Fillaux J, Ranque S. 

Multicenter evaluation of a novel immunochromatographic test 

for anti-aspergillus IgG detection. Front Cell Infect Microbiol. 

2019;9:12. https:// doi. org/ 10. 3389/ fcimb. 2019. 00012.

 33. Stucky Hunter E, Richardson MD, Denning DW. Evaluation of 

LDBio Aspergillus ICT lateral flow assay for IgG and IgM anti-

body detection in chronic pulmonary aspergillosis. J Clin Microbiol. 

2019;57:e00538-e619. https:// doi. org/ 10. 1128/ JCM. 00538- 19.

 34. Rozaliyani A, Setianingrum F, Azahra S, Abdullah A, Fatril AE, 

Rosianawati H, Burhan E, Handayani D, Arifin AR, Zaini J, et al. 

Performance of LDBio Aspergillus WB and ICT antibody detec-

tion in chronic pulmonary aspergillosis. J Fungi. 2021;7:311. 

https:// doi. org/ 10. 3390/ jof70 40311.

 35. Hunter ES, Page ID, Richardson MD, Denning DW. Evaluation of the 

LDBio Aspergillus ICT lateral flow assay for serodiagnosis of allergic 

bronchopulmonary aspergillosis. PLoS One. 2020;15(9):e0238855. 

https:// doi. org/ 10. 1371/ journ al. pone. 02388 55.

 36. Kwizera R, Bongomin F, Olum R, Worodria W, Bwanga F, Meya 

DB, et  al. Evaluation of an Aspergillus IgG/IgM lateral flow 

assay for serodiagnosis of fungal asthma in Uganda. PLoS One. 

2021;16(5):e0252553. https:// doi. org/ 10. 1371/ journ al. pone. 02525 53.

 37. Singh S, Choudhary H, Agnihotri S, Sehgal IS, Agarwal R, Kaur 

H, Ghosh A, Chakrabarti A, Rudramurthy SM. LDBio Aspergil-

lus immunochromatographic test lateral flow assay for IgG/IgM 

antibody detection in chronic pulmonary aspergillosis: single-

centre evaluation and meta-analysis. Indian J Med Microbiol. 

2022;40(2):204–10. https:// doi. org/ 10. 1016/j. ijmmb. 2022. 03. 002.

 38. Sehgal IS, Dhooria S, Soundappan K, Rudramurthy SM, 

Chakrabarti A, Agarwal R. Comparison of three sample types 

for performing LDBio Aspergillus immunochromatographic 

technology lateral flow assay for IgG/IgM antibody detection 

in chronic aspergillosis. Clin Microbiol Infect. 2022;S1198–

743X(22)00629–2. https:// doi. org/ 10. 1016/j. cmi. 2022. 11. 031.

 39. Ray A, Chowdhury M, Sachdev J, Sethi P, Meena VP, Singh G, 

Xess I, Vyas S, Khan MA, Sinha S, et al. Efficacy of LD Bio 

Aspergillus ICT lateral flow assay for serodiagnosis of chronic 

pulmonary aspergillosis. J Fungi. 2022;8:400. https:// doi. org/ 10. 

3390/ jof80 40400.

 40. Rozaliyani A, Rosianawati H, Handayani D, Agustin H, Zaini J, 

Syam R, Adawiyah R, Tugiran M, Setianingrum F, Burhan E, 

Kosmidis C, Wahyuningsih R. Chronic pulmonary aspergillosis 

in post tuberculosis patients in Indonesia and the role of LDBio 

Aspergillus ICT as part of the diagnosis scheme. J Fungi (Basel). 

2020;6(4):318. https:// doi. org/ 10. 3390/ jof60 40318.

 41. He Z-X, Shi L-C, Ran X-Y, Li W, Wang X-L, Wang F-K. 

Development of a lateral flow immunoassay for the rapid diag-

nosis of invasive candidiasis. Front Microbiol. 2016;7:1451. 

https:// doi. org/ 10. 3389/ fmicb. 2016. 01451.

 42. Davies GE, Thornton CR. Development of a monoclonal 

antibody and a serodiagnostic lateral-flow device specific to 

Rhizopus arrhizus (Syn. R. oryzae), the principal global agent 

of mucormycosis in humans. J Fungi. 2022;8:756. https:// doi. 

org/ 10. 3390/ jof80 70756.

 43. Orne C, Burnham-Marusich A, Baldin C, Gebremariam 

T, Ibrahim A, Kvam A, Kozel T. Cell wall fucomannan is 

a biomarker for diagnosis of invasive murine mucormyco-

sis. In: Proceedings of the 28th ECCMID. Madrid, Spain: 

ECCMID; 2018.

 44. Karageorgopoulos DE, Qu JM, Korbila IP, Zhu YG, Vasileiou 

VA, Falagas ME. Accuracy of β-D-glucan for the diagnosis 

of Pneumocystis jirovecii pneumonia: a meta-analysis. Clin 

Microbiol Infect. 2013;19(1):39–49. https:// doi. org/ 10. 1111/j. 

1469- 0691. 2011. 03760.x.

 45. Karageorgopoulos DE, Vouloumanou EK, Ntziora F, Michalopou-

los A, Rafailidis PI, Falagas ME. β-D-glucan assay for the diagno-

sis of invasive fungal infections: a meta-analysis. Clin Infect Dis. 

2011;52(6):750–70. https:// doi. org/ 10. 1093/ cid/ ciq206.

 46. Finkelman MA. Specificity influences in (1→3)-β-d-glucan-

supported diagnosis of invasive fungal disease. J Fungi 

(Basel). 2020;7(1):14. https:// doi. org/ 10. 3390/ jof70 10014.

 47. Del Corpo O, Butler-Laporte G, Sheppard DC, Cheng MP, 

McDonald EG, Lee TC. Diagnostic accuracy of serum 

(1–3)-β-D-glucan for Pneumocystis jirovecii pneumonia: a 

systematic review and meta-analysis. Clin Microbiol Infect. 

2020;26(9):1137–43. https:// doi. org/ 10. 1016/j. cmi. 2020. 05. 024.

 48. Singh S, Singh M, Verma N, Sharma M, Pradhan P, Chauhan 

A, Jaiswal N, Chakrabarti A, Singh M. Comparative accuracy of 

1,3 beta-D glucan and galactomannan for diagnosis of invasive 

fungal infections in pediatric patients: a systematic review with 

meta-analysis. Med Mycol. 2021;59(2):139–48. https:// doi. org/ 

10. 1093/ mmy/ myaa0 38.

 49. Fungitell for antifungal treatment stratification. In: 2017 NICE 

Medtech innovation briefing. MIB118

 50. Rautemaa-Richardson R, Rautemaa V, Al-Wathiqi F, Moore 

CB, Craig L, Felton TW, Muldoon EG. Impact of a diagnos-

tics-driven antifungal stewardship programme in a UK ter-

tiary referral teaching hospital. J Antimicrob Chemother. 

2018;73(12):3488–95. https:// doi. org/ 10. 1093/ jac/ dky360.

 51. Bloos F, Held J, Kluge S, Simon P, Kogelmann K, de Heer 

G, Kuhn SO, Jarczak D, Motsch J, Hempel G, Weiler N, 

Weyland A, Drüner M, Gründling M, Meybohm P, Richter 

D, Jaschinski U, Moerer O, Günther U, Schädler D, Weiss 

R, Putensen C, Castellanos I, Kurzai O, Schlattmann P, 

Cornely OA, Bauer M, Thomas-Rüddel D, SepNet Study 

Group. (1 → 3)-β-D-Glucan-guided antifungal therapy in 

adults with sepsis: the CandiSep randomized clinical trial. 

https://doi.org/10.1093/mmy/myac026
https://doi.org/10.1007/s12281-020-00409-z
https://doi.org/10.7759/cureus.26025
https://doi.org/10.3389/fmicb.2018.02223
https://doi.org/10.1093/cid/ciy326
https://doi.org/10.3389/fcimb.2019.00012
https://doi.org/10.1128/JCM.00538-19
https://doi.org/10.3390/jof7040311
https://doi.org/10.1371/journal.pone.0238855
https://doi.org/10.1371/journal.pone.0252553
https://doi.org/10.1016/j.ijmmb.2022.03.002
https://doi.org/10.1016/j.cmi.2022.11.031
https://doi.org/10.3390/jof8040400
https://doi.org/10.3390/jof8040400
https://doi.org/10.3390/jof6040318
https://doi.org/10.3389/fmicb.2016.01451
https://doi.org/10.3390/jof8070756
https://doi.org/10.3390/jof8070756
https://doi.org/10.1111/j.1469-0691.2011.03760.x
https://doi.org/10.1111/j.1469-0691.2011.03760.x
https://doi.org/10.1093/cid/ciq206
https://doi.org/10.3390/jof7010014
https://doi.org/10.1016/j.cmi.2020.05.024
https://doi.org/10.1093/mmy/myaa038
https://doi.org/10.1093/mmy/myaa038
https://doi.org/10.1093/jac/dky360


142 Current Fungal Infection Reports (2023) 17:132–143

1 3

Intensive Care Med. 2022;48(7):865–75. https:// doi. org/ 10. 

1007/ s00134- 022- 06733-x.

 52. White PL, Posso R, Parr C, Price JS, Finkelman M, Barnes 

RA. The Presence of (1→3)-β-D-glucan as prognostic marker 

in patients after major abdominal surgery. Clin Infect Dis. 

2021;73(7):e1415–22. https:// doi. org/ 10. 1093/ cid/ ciaa1 370.

 53. Alanio A, Hauser PM, Lagrou K, Melchers WJ, Helweg-Larsen 

J, Matos O, Cesaro S, Maschmeyer G, Einsele H, Donnelly JP, 

Cordonnier C, Maertens J, Bretagne S, 5th European Conference 

on Infections in Leukemia (ECIL-5), a joint venture of the Euro-

pean Group for Blood and Marrow Transplantation (EBMT), 

the European Organization for Research and Treatment of Can-

cer (EORTC), the Immunocompromised Host Society (ICHS) 

and the European LeukemiaNet (ELN). ECIL guidelines for the 

diagnosis of Pneumocystis jirovecii pneumonia in patients with 

haematological malignancies and stem cell transplant recipients. 

J Antimicrob Chemother. 2016;71(9):2386–96. https:// doi. org/ 

10. 1093/ jac/ dkw156.

 54. Price JS, Fallon M, Posso R, Backx M, White PL. An Evalua-

tion of the OLM CandID real-time PCR to aid in the diagnosis 

of invasive candidiasis when testing serum samples. J Fungi 

(Basel). 2022;8(9):935. https:// doi. org/ 10. 3390/ jof80 90935.

 55.• Davis C, Wheat LJ, Myint T, Boulware DR, Bahr NC. Effi-

cacy of cerebrospinal fluid beta-d-glucan diagnostic testing 

for fungal meningitis: a systematic review. J Clin Microbiol. 

2020;58(4):e02094-19. https:// doi. org/ 10. 1128/ JCM. 02094- 19. 

A study compiling and evaluating the performance of BDG 

when testing cerebrospinal fluid, to provide a better under-

standing of this test on this sample.

 56. Forster J, Hoenigl M, Suerbaum S, Wagener J, Dichtl K. Sero-

logic biomarkers in Candida and Aspergillus infections of the 

central nervous system: a comparison of galactomannan, mannan 

and β-1,3-D-gucan testing from serum and cerebrospinal fluid. 

Mycoses. 2022;65(7):709–14. https:// doi. org/ 10. 1111/ myc. 13451.

 57. Zhang J, Cheng W, Li D, Chen J, Zhao G, Wang H, Cui N. Devel-

opment and validation of a risk score for predicting invasive can-

didiasis in intensive care unit patients by incorporating clinical risk 

factors and lymphocyte subtyping. Front Cell Infect Microbiol. 

2022;12:829066. https:// doi. org/ 10. 3389/ fcimb. 2022. 829066.

 58. Pini P, Colombari B, Marchi E, Castagnoli A, Venturelli C, Sarti 

M, Blasi E. Performance of candida albicans germ tube anti-

bodies (CAGTA) and its association with (1 → 3)-β-D-glucan 

(BDG) for diagnosis of invasive candidiasis (IC). Diagn Micro-

biol Infect Dis. 2019;93(1):39–43. https:// doi. org/ 10. 1016/j. 

diagm icrob io. 2018. 07. 007.

 59. Mikulska M, Magnasco L, Signori A, Sepulcri C, Dettori S, Tutino 

S, Vena A, Miletich F, Ullah N, Morici P, et al. Sensitivity of serum 

beta-D-glucan in candidemia according to Candida species epide-

miology in critically ill patients admitted to the intensive care unit. 

J Fungi. 2022;8:921. https:// doi. org/ 10. 3390/ jof80 90921.

 60. Forster J, Dichtl K, Wagener J. Lower beta-1,3-D-glucan testing 

cut-offs increase sensitivity for non-albicans Candida species 

bloodstream infections. Mycoses. 2022;65(5):500–7. https:// doi. 

org/ 10. 1111/ myc. 13421.

 61. So MK, Huh J, Lee M, Kim SK. Analytical performance 

evaluation of goldstream fungus (1–3)-β-D glucan. Clin Lab. 

2022;68:2428–32.

 62. Friedrich R, Rappold E, Bogdan C, Held J. Comparative analysis 

of the Wako β- glucan test and the Fungitell assay for diagnosis of 

candidemia and Pneumocystis jirovecii pneumonia. J Clin Micro-

biol. 2018;56:e00464-e518. https:// doi. org/ 10. 1128/ JCM. 00464- 18.

 63. Singh S, Kanaujia R, Agnihotri S, Kaur H, Chakrabarti A, Rudra-

murthy SM. The comparative evaluation of the Fujifilm Wako 

_-glucan assay and Fungitell assay for diagnosing invasive fungal 

disease. J Fungi. 2023;9:6. https:// doi. org/ 10. 3390/ jof90 10006.

 64. White PL, Price JS, Backx M. Evaluation of the performance 

of the Associates of Cape Cod STAT assay for the diagnosis of 

invasive fungal disease in critical-care patients with COVID-19. 

J Clin Microbiol. 2021;59:e00869-e921. https:// doi. org/ 10. 1128/ 

JCM. 00869- 21.

 65. Kritikos A, Caruana G, Poissy J, Mamin A, Bachmann D, Pagani JL, 

Coste AT, Lamoth F. Comparison of three β-glucan tests for the diag-

nosis of invasive candidiasis in intensive care units. J Clin Microbiol. 

2023;61(2):e0169122. https:// doi. org/ 10. 1128/ jcm. 01691- 22.

 66. De Carolis E, Marchionni F, Torelli R, Angela MG, Pagano L, 

Murri R, et al. Comparative performance evaluation of Wako 

β-glucan test and Fungitell assay for the diagnosis of invasive 

fungal diseases. PLoS One. 2020;15(7):e0236095. https:// doi. 

org/ 10. 1371/ journ al. pone. 02360 95.

 67. Zubkowicz M, Held J, Baier M, Pletz MW, Kesselmeier 

M, Hagel S, Bahrs C. Clinical evaluation of two different 

(1,3)-ß-d-glucan assays for diagnosis of invasive fungal dis-

eases: a retrospective cohort study. Mycoses. 2021;64(2):212–

9. https:// doi. org/ 10. 1111/ myc. 13207.

 68. White PL, Price JS, Posso RB, Barnes RA. An evaluation of 

the performance of the Dynamiker® Fungus (1–3)-β-D-glucan 

assay to assist in the diagnosis of invasive aspergillosis, inva-

sive candidiasis and Pneumocystis pneumonia. Med Mycol. 

2017;55(8):843–50. https:// doi. org/ 10. 1093/ mmy/ myx004.

 69. Mercier T, Guldentops E, Lagrou K, Maertens J. Prospective 

evaluation of the turbidimetric β-D-glucan assay and 2 lateral 

flow assays on serum in invasive aspergillosis. Clin Infect Dis. 

2021;72(9):1577–84. https:// doi. org/ 10. 1093/ cid/ ciaa2 95.

 70. Siopi M, Karakatsanis S, Roumpakis C, Korantanis K, Eldeik 

E, Sambatakou H, Sipsas NV, Pagoni M, Stamouli M, Tsirig-

otis P, Meletiadis J. Evaluation of the Dynamiker® Fungus 

(1–3)-β-D-glucan assay for the diagnosis of invasive asper-

gillosis in high-risk patients with hematologic malignancies. 

Infect Dis Ther. 2022;11(3):1161–75. https:// doi. org/ 10. 1007/ 

s40121- 022- 00627-7.

 71. White PL, Posso RB, Gorton RL, Price JS, Wey E, Barnes 

RA. An evaluation of the performance of the Dynamiker® 

Fungus (1–3)-β-D-glucan assay to assist in the diagnosis of 

Pneumocystis pneumonia. Med Mycol. 2018;56(6):778–81. 

https:// doi. org/ 10. 1093/ mmy/ myx097.

 72. Page ID, Richardson MD, Denning DW. Comparison of six 

Aspergillus-specific IgG assays for the diagnosis of chronic 

pulmonary aspergillosis (CPA). J Infect. 2016;72(2):240–9. 

https:// doi. org/ 10. 1016/j. jinf. 2015. 11. 003.

 73. Lass-Flörl C, Samardzic E, Knoll M. Serology anno 2021-fun-

gal infections: from invasive to chronic. Clin Microbiol Infect. 

2021;27(9):1230–41. https:// doi. org/ 10. 1016/j. cmi. 2021. 02. 005.

 74. Muthu V, Singh P, Choudhary H, Sehgal IS, Dhooria S, 

Prasad KT, Aggarwal AN, Garg M, Chakrabarti A, Agarwal 

R. Diagnostic cutoffs and clinical utility of recombinant Asper-

gillus fumigatus antigens in the diagnosis of allergic bron-

chopulmonary aspergillosis. J Allergy Clin Immunol Pract. 

2020;8:579–87.

 75. Erdmann JH, Graf B, Blau IW. Anti-Aspergillus immunoglob-

ulin-G testing in serum of hematopoietic stem cell transplant 

recipients. Transpl Infect Dis. 2016;18:354–60.

 76. Du C, Wingard JR, Cheng S, et al. Serum IgG responses against 

Aspergillus proteins before hematopoietic stem cell transplan-

tation or chemotherapy identify patients who develop invasive 

aspergillosis. Biol Blood Marrow Transplant. 2012;18:1927–34.

 77. Wang K, Luo Y, Zhang W, Xie S, Yan P, Liu Y, Li Y, Ma X, Xiao 

K, Fu H, Cai J, Xie L. Diagnostic value of Candida mannan antigen 

and anti-mannan IgG and IgM antibodies for Candida infection. 

Mycoses. 2020;63(2):181–8. https:// doi. org/ 10. 1111/ myc. 13035.

 78. Meng Y, Kang M, Li D, Wang T, Kuang Z, Ma Y. Perfor-

mance of a new Candida anti-mannan IgM and IgG assays in 

https://doi.org/10.1007/s00134-022-06733-x
https://doi.org/10.1007/s00134-022-06733-x
https://doi.org/10.1093/cid/ciaa1370
https://doi.org/10.1093/jac/dkw156
https://doi.org/10.1093/jac/dkw156
https://doi.org/10.3390/jof8090935
https://doi.org/10.1128/JCM.02094-19
https://doi.org/10.1111/myc.13451
https://doi.org/10.3389/fcimb.2022.829066
https://doi.org/10.1016/j.diagmicrobio.2018.07.007
https://doi.org/10.1016/j.diagmicrobio.2018.07.007
https://doi.org/10.3390/jof8090921
https://doi.org/10.1111/myc.13421
https://doi.org/10.1111/myc.13421
https://doi.org/10.1128/JCM.00464-18
https://doi.org/10.3390/jof9010006
https://doi.org/10.1128/JCM.00869-21
https://doi.org/10.1128/JCM.00869-21
https://doi.org/10.1128/jcm.01691-22
https://doi.org/10.1371/journal.pone.0236095
https://doi.org/10.1371/journal.pone.0236095
https://doi.org/10.1111/myc.13207
https://doi.org/10.1093/mmy/myx004
https://doi.org/10.1093/cid/ciaa295
https://doi.org/10.1007/s40121-022-00627-7
https://doi.org/10.1007/s40121-022-00627-7
https://doi.org/10.1093/mmy/myx097
https://doi.org/10.1016/j.jinf.2015.11.003
https://doi.org/10.1016/j.cmi.2021.02.005
https://doi.org/10.1111/myc.13035


143Current Fungal Infection Reports (2023) 17:132–143 

1 3

the diagnosis of candidemia. Rev Inst Med Trop Sao Paulo. 

2020;62:e25. https:// doi. org/ 10. 1590/ S1678- 99462 02062 025.

 79. Wei S, Wu T, Wu Y, Ming D, Zhu X. Diagnostic accuracy of Candida 

albicans germ tube antibody for invasive candidiasis: systematic review 

and meta-analysis. Diagn Microbiol Infect Dis. 2019;93(4):339–45. 

https:// doi. org/ 10. 1016/j. diagm icrob io. 2018. 10. 017.

 80 Martinez-Jimenez MC, Munoz P, Valerio M, Alonso R, Martos C, 

Guinea J, et al. Candida biomarkers in patients with candidaemia 

and bacteraemia. J Antimicrob Chemother. 2015;70:2354e61.

 81. Matsui H, Higashide M, Hanaki H. Evaluation of a rapid 

immunochromatographic test for the detection of Candida 

species from oropharyngeal samples. J Microbiol Methods. 

2020;179:106090. https:// doi. org/ 10. 1016/j. mimet. 2020. 106090.

 82. Gunasekera M, Narine M, Ashton M, Esfandiari J. Develop-

ment of a Dual Path Platform (DPP®) immunoassay for rapid 

detection of Candida albicans in human whole blood and serum. 

J Immunol Methods. 2015;424:7–13. https:// doi. org/ 10. 1016/j. 

jim. 2015. 04. 014.

 83. Vaz C, Pitarch A, Gómez-Molero E, Amador-García A, Weig M, 

Bader O, Monteoliva L, Gil C. Mass spectrometry-based proteomic 

and immunoproteomic analyses of the Candida albicans hyphal 

secretome reveal diagnostic biomarker candidates for invasive can-

didiasis. J Fungi. 2021;7:501. https:// doi. org/ 10. 3390/ jof70 70501.

 84. Mery A, Jawhara S, François N, Cornu M, Poissy J, Martinez-

Esparza M, Poulain D, Sendid B, Guerardel Y. Identification of fun-

gal trehalose for the diagnosis of invasive candidiasis by mass spec-

trometry. Biochim Biophys Acta Gen Subj. 2022;1866(4):130083. 

https:// doi. org/ 10. 1016/j. bbagen. 2022. 130083.

 85. Weig M, Frosch M, Tintelnot K, et al. Use of recombinant mitogil-

lin for improved serodiagnosis of Aspergillus fumigatus-associated 

diseases. J Clin Microbiol. 2001;39:1721–30.

 86. Sarfati J, Monod M, Recco P, et al. Recombinant antigens as 

diagnostic markers for aspergillosis. Diagn Microbiol Infect Dis. 

2006;55:279–91.

 87. Beck J, Broniszewska M, Schwienbacher M. Characterization of 

the Aspergillus fumigatus chitosanase CsnB and evaluation of 

its potential use in serological diagnostics. Int J Med Microbiol. 

2014;304:696–702.

 88. Machata S, Müller MM, Lehmann R, Sieber P, Panagiotou G, Car-

valho A, Cunha C, Lagrou K, Maertens J, Slevogt H, Jacobsen ID. 

Proteome analysis of bronchoalveolar lavage fluids reveals host 

and fungal proteins highly expressed during invasive pulmonary 

aspergillosis in mice and humans. Virulence. 2020;11(1):1337–

51. https:// doi. org/ 10. 1080/ 21505 594. 2020. 18249 60.

 89. Richardson M, Page I. Role of serological tests in the diagnosis 

of mold infections. Curr Fungal Infect Rep. 2018;12(3):127–36. 

https:// doi. org/ 10. 1007/ s12281- 018- 0321-1.

 90. Chowdhary A, Randhawa HS, Gaur SN, et al. Schizophyllum 

commune as an emerging fungal pathogen: a review and report 

of two cases. Mycoses. 2013;56:1–10.

 91. Wang YF, Cai JP, Wang YD, Dong H, et al. Immunoassays based on 

Penicillium marneffei Mp1p derived from Pichia pastoris expression 

system for diagnosis of penicilliosis. PLoS One. 2011;6:e28796.

 92. Gaastra W, Lipman LJ, De Cock AW, et al. Pythium insidiosum: 

an overview. Vet Microbiol. 2010;146:1–16.

 93. Sircar G, Saha B, Mandal RS, et al. Purification, cloning and 

immuno-biochemical characterization of a fungal aspartic pro-

tease allergen Rhi o 1 from the airborne mold Rhizopus oryzae. 

PLoS One. 2015;10:e0144547.

 94. Melayah S, Ghozzi M, Jemni M, Sakly N, Ghedira I, Mankaï 

A. Anti-Saccharomyces cerevisiae antibodies in rheumatoid 

arthritis. Lab Med. 2022;53(6):585–9. https:// doi. org/ 10. 1093/ 

labmed/ lmac0 54.

 95.•• Chakrabarti A, Mohamed N, Capparella MR, Townsend A, 

Sung AH, Yura R, Muñoz P. The role of diagnostics-driven 

antifungal stewardship in the management of invasive fungal 

infections: a systematic literature review. Open Forum Infect 

Dis. 2022;9(7):234. https:// doi. org/ 10. 1093/ ofid/ ofac2 34. An 

evaluation of diagnostic-driven strategies to direct anti-

fungal therapy confirming the safety and efficacy of such 

approaches. This evidence is critical to overcome the use of 

empirical antifungal therapy, which exposes many patients 

to unnecessary treatment associated with toxicity and side 

effects.

Publisher's Note Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1590/S1678-9946202062025
https://doi.org/10.1016/j.diagmicrobio.2018.10.017
https://doi.org/10.1016/j.mimet.2020.106090
https://doi.org/10.1016/j.jim.2015.04.014
https://doi.org/10.1016/j.jim.2015.04.014
https://doi.org/10.3390/jof7070501
https://doi.org/10.1016/j.bbagen.2022.130083
https://doi.org/10.1080/21505594.2020.1824960
https://doi.org/10.1007/s12281-018-0321-1
https://doi.org/10.1093/labmed/lmac054
https://doi.org/10.1093/labmed/lmac054
https://doi.org/10.1093/ofid/ofac234

	Developments in Fungal Serology
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Aspergillus Antigen ELISA Assays
	Lateral Flow Assays
	Detection of (1–3)-β-D-Glucan
	Detection of Antibodies
	Concluding Remarks
	References


