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Abstract 

Background: The presence of (1→3)-β-D-Glucan (BDG) in serum may be indicative of invasive fungal 

disease (IFD), but even without IFD elevated BDG can be associated with adverse patient outcomes. 

Methods: COVID-19 infected patients (n=125) who were screened for IFD with fungal biomarkers 

were evaluated to assess the prognostic value of BDG. BDG was correlated with patients’ mortality, 

while considering the influences of IFD and anti-fungal therapy (AFT). Results: A BDG concentration 

>31pg/mL was associated with significant mortality in the absence of documented IFD and without 

subsequent antifungal therapy (≤31pg/mL: 28% vs >31pg/mL: 91%; P = 0.0001). In patients without 

IFD but with a BDG >31pg/mL, mortality dropped to 50% when AFT was administered. In patients 

with a BDG >31pg/mL, no IFD nor AFT then the average probability of death is 3.38-fold greater. 

Conclusions: Elevated serum BDG is associated with significant mortality in COVID -19 infected 

patients without IFD, irrespective of AFT. A BDG associated proinflammatory response might be 

driving the high mortality. BDG serves as a prognostic marker in COVID -19 infected patients with 

or without IFD. When BDG is very low (≤31pg/mL) the likelihood of death remains consistent with 

the background morality rates for COVID-19 within the ICU. 

Keywords: (1→3)-β-D-glucan; mortality; infections; antifungals; invasive; fungal disease 

 

1. Introduction 

COVID-19 can give rise to a wide spectrum of disease manifestations from asymptomatic 

infection to life threatening multi organ failure [1]. There is substantial risk of secondary invasive 

fungal disease (IFD) during COVID-19 infection due to immunosuppressive medications and virus-

related immune dysregulation [2]. IFD can lead to deleterious effects in COVID-19 infected patients 

if not diagnosed and treated promptly. A considerable rise in mortality (48.5%) was observed in 

patients with secondary IFD during COVID-19 pandemic compared to baseline rates [2]. 

Determining a prognostic marker in COVID -19 is invaluable due to its unpredictable clinical 

course. Different blood-based biomarkers such as PCT, CD4+/CD8+ ratio, IL-6 etc have been 

evaluated in previous studies showing correlation with disease severity [1,3]. (1-3)-beta-D-glucan 

(BDG) is a polysaccharide in most pathogenic fungal cell walls, including Candida and Aspergillus 

species and is considered a broad fungal marker (excluding most cryptococci and zygomycetes) which 

is useful in early detection of IFD [4]. Apart from fungi, BDG is considered as a common component 

in the human diet, as well as in some bacteria, cereals (barley and oats) and seaweeds [5]. Therefore, 

interpretation of BDG may be challenging due to false positivity associated with translocation, 

clinical conditions and interventions [6]. 
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Serial measurement of BDG has shown good prognostic value in ICU patients with proven 

invasive candidiasis (IC), where a decrease in BDG was associated with reduced mortality [7]. While 

BDG is commonly used to screen for IFD in susceptible patients using its negative predictive value 

to exclude disease, new evidence is emerging indicating that it generates profound proinflammatory 

responses with the involvement of TH-1 and TH-17 cells and is associated with poor prognosis, 

irrespective of the presence IFD [8,9]. 

As the majority of IFD in COVID-19 infected patients in the Western Hemisphere was caused by 

Aspergillus (21.5%) and Candida (21.5%) species [2], evaluating the value of BDG in COVID-19 infected 

patients may be beneficial for predicting mortality. During the COVID-19 pandemic, BDG testing 

formed part of the diagnostic strategy for IFD screening of high-risk critical-care patients in Wales 

[10]. The current study was designed to assess the prognostic value of BDG in COVID-19 infected 

patients with or without defined IFD and antifungal therapy (AFT). 

2. Materials and Methods 

Patients and Study Design 

At the start of the COVD-19 pandemic and in recognition of the likely increased risk of IFD in 

the critical-care patient with severe respiratory viral infection, a diagnostic algorithm including BDG 

(amongst other mycological tests) was introduced [10]. The clinical performance and utility of this 

approach was previously described and demonstrated the significant negative impact of IFD in this 

cohort and the benefits of appropriate AFT. Given the emerging evidence indicating BDG positivity 

to be a poor prognostic marker, particularly when positivity is prolonged, it was decided to evaluate 

the impact of BDG positivity in the previously defined cohort. 

All patients screened for BDG in serum/plasma (125 of the original 135 patients) during the first 

wave of the pandemic in Wales were included in the current study. Testing was performed, and all 

data was retrieved as part of routine diagnostic assessment. The current evaluation was undertaken 

as a retrospective, anonymous evaluation with no impact on patient management, subsequently not 

requiring ethical approval. 

Cases of IFD were defined using the EORTC/MSGERC definitions or the ECMM/ISHAM CAPA 

guidelines [11,12]. The recovery of Candida spp. via blood culture was deemed definitive of 

candidaemia, whereas recovery from a central venous catheter was considered Candida line infection. 

Detection of (1→3)-β-D-Glucan 

BDG testing of serum or plasma samples was performed using Associates of Cape Cod Fungitell 

assay following the manufacturer’s instructions. Samples were tested in duplicate and the following 

thresholds were used to interpret results: 

Negative, ≤60 pg/ mL; Indeterminate, 60 –79 pg/mL; Positive, ≥80 pg/mL 

Statistical Analysis 

Receiver operator characteristic curve analysis was performed to determine an optimal 

threshold for correlating BDG concentration and prognosis. A value of >31 pg/ml was deemed 

optimal. For analytical purposes, the impact of a higher BDG value of ≥60 pg/mL was also evaluated. 

Logistic regression analysis was performed to determine any association between increasing BDG 

concentration and prognosis. An overall mortality rate for the entire cohort was determined, from 

which additional mortality rates were calculated dependent on the designated BDG threshold and 

subsequent diagnosis of IFD/fungal infection and/or the use of appropriate AFT (Table 1). AFT was 

considered appropriate if it correlated with guidelines for the management of a particular IFD or if it 

were deemed appropriate for the fungal species cultured. For proportional values, 95% confidence 

intervals (95% CI) were calculated, which were also used, along with the Fisher’s exact test to 

determine the significance of any differences between proportional values. When comparing 
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means/medians the representative T-tests were performed. For all statistical comparisons a P value 

of ≤0.05 was considered significant 

Table 1. Mortality rate associated with (1→3)-β-D-Glucan concentration (Threshold: 31 pg/mL) and invasive 

fungal diseases with or without antifungal therapy. Significant differences are highlighted in bold text. 

Classification 

Mortality rate (n/N, (%)) 

BDG concentration Difference in 

Mortality (95% CI) 

Significance  

(P value) ≤31 pg/mL >31 pg/mL 

Overall  26/89 (29%) 21/36 (58%) 29% (10.0 to 45.9) 0.0039 

AFT 7/19 (37%) 9/23 (39%) 2% (29.1 to -25.6) 1.0000 

No AFT 19/70 (27%) 12/13 (92%) 65% (37.1 to 76.2) <0.0001 

IFD 4/9 (44%) 7/17 (41%) 3% (31.0 to -38.2) 1.0000 

No IFD 22/80 (28%) 14/19 (74%) 46% (21.3 to 63.0) 0.0003 

IFD with AFT 4/8 (50%) 5/15 (33%) 17% (21.2 to -50.4) 0.6570 

IFD without AFT 0/1 (0%) 2/2 (100%) 100% (30.5 to -100) 0.3333 

No IFD with AFT 3/11 (27%) 4/8 (50%) 23% (18.1 to -56.2) 0.3765 

No IFD without 

AFT 
19/69 (28%) 10/11 (91%) 63% (32.5 to 75.2) 0.0001 

3. Results 

Population 

One hundred and twenty-five COVID-19 infected patients requiring critical care management 

were included in this study. The overall mortality was 38% (47/125; 95% CI: 29.6-46.3). The 

male/female ratio was 2.28/1, with an average age of 58 and 54 years for men and women respectively. 

There was a significant correlation between increasing age and mortality (Odds ratio: 1.0638 (95% CI: 

1.0271-1.1018; P: 0.0006)) (Figure 1). There was no linear correlation between age and BDG 

concentration (Odds ratio: 1.0046 (95% CI: 0.9728-1.0374; P: 0.7802)). Mortality rate in men was 41% 

(36/87, 95% CI: 32-52), compared to 29% (11/38, 95% CI: 17-45) in women (P: 0.2303). There was no 

significant correlation between gender and mortality (Odds ratio: 1.7326 (95% CI: 0.7626-3.9366; P: 

0.1819)) 

 

Figure 1. The probability of death in COVID-19 critical care patients according to age, BDG concentration and 

the presence of invasive fungal disease and subsequent antifungal therapy. 
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(1→3)-β-D-Glucan Concentration and Mortality 

In 89/125 patients the highest recorded BDG concentration was ≤31 pg/mL (81% (63/78) of 

surviving patients compared to 55% (26/47) of deceased patients). Subsequently, the mortality rate 

was significantly greater when BDG concentrations were >31pg/ml (58%) compared to ≤31 pg/mL 

(29%) (Table 1, Figures 1 and 2). Twenty-eight percent of patients who died (13/47) had a BDG 

concentration >60 pg/ml compared to 15% of patients who survived (12/78) (P: 0.1103). Nineteen 

percent of patients who died (9/47) had a BDG concentration >80 pg/ml compared to 14% of patients 

who survived (11/78) (P: 0.4617) and 11 percent of patients who died (5/47) had a BDG concentration 

>500 pg/ml compared to 8% of patients who survived (6/78) (P: 0.7459). Subsequently, there was no 

significant linear correlation between increasing BDG concentration and mortality. 

Logistic regressions analysis confirmed a significant correlation between a BDG concentration 

>31 pg/mL and mortality (Odds ratio: 3.3923 (95% CI: 1.5169-7.5863; P: 0.0026)). Multivariable logistic 

regression analysis confirmed both increasing age and a BDG concentration >31 pg/mL to be 

significantly associated with mortality (Overall model fit P: <0.0001), where across the age range, the 

presence of a BDG concentration >31 pg/mL increased the probability of mortality by a mean of 2.35-

fold (Figure 1). 

There was a trend between a BDG concentration >60 pg/ml and mortality (Odds ratio: 2.1029 

(95% CI: 0.8662-5.1057; P: 0.1008)) and the mortality of patients with a highest BDG concentration 

above this threshold was, on average, 1.73-fold greater (Figure 1). 

 

Figure 2. The distribution of (1→3)-β-D-glucan concentrations among the 125 patients screened by the Associates 

of Cape Cod Fungitell assay, along with association with mortality with or without evidence of invasive fungal 

diseases and anti-fungal treatment. 

Antifungal Therapy and Mortality 

Thirty-four percent (42/125) of patients received AFT deemed appropriate for the management 

of their IFD. When not considering the BDG concentration, the mortality rate when AFT was 

administered was comparable to that in the absence of AFT (16/42: 38.1% vs 31/83: 37.4%, P: 1.0000). 

Mortality remained similar for patients receiving AFT, regardless of the calculated BDG 

concentration (Table 1). However, in patients not receiving AFT, the presence of a BDG concentration 

>31 pg/mL was associated with a significant increase in mortality (92%) compared to those with a 

BDG ≤31 pg/mL (33%). Using a higher BDG threshold of ≥60 pg/mL was associated with 100% 

mortality rate in patients not receiving AFT, significantly greater than in patients not receiving AFT 

but with a BDG concentration <60 pg/mL (33%, P: 0.0008). 
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Mortality Associated with Invasive Fungal Disease 

Twenty-one percent (26/125) of patients were diagnosed with IFD or a fungal line infection. 

When not considering the BDG concentration, the mortality rate when IFD/line infection was 

diagnosed was comparable to that in the absence of IFD (11/26: 42.3% vs 36/99: 36.3%, P: 0.6511). 

Mortality remained similar for patients with IFD, regardless of the calculated BDG concentration 

(Table 1). However, in patients without IFD, the presence of a BDG concentration >31 pg/mL was 

associated with a significant increase in mortality (74%) compared to those with a BDG ≤31 pg/mL 

(28%). This was maintained when using a higher BDG threshold of ≥60 pg/mL, mortality being 83% 

mortality rate in patients without IFD, compared to 30% in patients without and with a BDG 

concentration <60 pg/mL (53%, P: 0.0006). 

Mortality Associated with Invasive Fungal Disease and the Use of Antifungal Therapy 

Eighty-eight percent (23/26) of patients with IFD/fungal line infection received appropriate AFT. 

The mortality rate in patients with IFD/fungal line infection receiving appropriate AFT when not 

considering the BDG concentration was 39% (9/23) compared to 67% (2/3) of patients with IFD/fungal 

line infection who did not receive AFT (P: 0.5558). There was no difference in mortality in patients 

with IFD/fungal line infection receiving appropriate AFT, regardless of the calculated BDG 

concentration (Table 1). In patients with IFD/fungal line infection not receiving appropriate AFT, 

100% died when the BDG concentration was >31 pg/mL, compared to 0% when the BDG 

concentration was ≤31 pg/mL, although this did not reach statistical significance due to the limited 

number of patients (Table 1). 

Nineteen percent (19/99) of patients without IFD/fungal line infection received AFT. The 

mortality rate in patients without IFD/fungal line infection receiving AFT when not considering the 

BDG concentration was 37% (7/19) compared to 36% (29/80) of patients without IFD/fungal line 

infection who did not receive AFT (P: 1.000). There was no difference in mortality in patients without 

IFD/fungal line infection receiving AFT, regardless of the calculated BDG concentration (Table 1). In 

patients without IFD/fungal line infection, not receiving AFT, 91% died when the BDG concentration 

was >31 pg/mL, compared to 28% when the BDG concentration was ≤31 pg/mL (P: 0.0001) (Table 1). 

Multivariable logistic regression analysis confirmed that age and a combined variable where 

BDG was >31 pg/mL, but there was no IFD nor AFT were significantly associated with mortality (P 

<0.0001). While the association with age generated a significant, yet minimal odds ratio (1.0472, 95% 

CI: 1.0111-1.0846, P: 0.01), the combined variable generated a significant and substantial odds ratio 

(25.7889, 95% CI: 3.0357-219.0793, P: 0.0029) that equated to, on average a substantial, and 3.38-fold 

increase in the probability of death across all ages (Figure 1). 

4. Discussion 

COVID-19 infection can be complicated by IFD leading to increased mortality. Strategic 

mycological testing plays a major role directing appropriate antifungal therapy and survival of these 

patients [10]. BDG is a major cell wall component of many pathogenic fungi aiding the diagnosis of 

IFD through its detection in serum using validated and reproducible techniques [13]. Its high 

negative predictive value has made it suitable as a surrogate marker excluding IFD, stratifying 

antifungal treatment and the duration of empirical AFT [7,14,15]. 

BDG is a pathogen-associated molecular pattern (PAMPs) recognized by various immune 

receptors of immune cells such as monocytes, macrophages, natural killer cells and dendritic cells. C-

type lectin receptors, mainly dectin-1, play a major role in the proinflammatory immune response 

associated with BDG with the involvement of T-helper 1 and T-helper 17 cells [8,9]. In sepsis, bacterial 

and fungal PAMPs can be translocated from the gut, including Endotoxins (LPS) from Gram-negative 

bacteria and BDG from fungi or other non-fungal sources causing a severe inflammatory response 

[16]. 
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The prognostic value of high BDG concentrations leading to a worse clinical outcome likely 

being due a host proinflammatory innate immune response is an emerging concern [17] and studies 

have evaluated the value of BDG as a prognostic marker in different patient groups [7,9]. A significant 

morbidity and mortality were associated in patients following abdominal surgery who had persistent 

or increasing BDG in their circulation regardless of IC or antifungal treatment, highlighting its 

significance as a prognostic indicator [9]. The significance of BDG on the prognosis of critical care 

COVID-19 patients, where all-cause mortality rates are already substantial (approx. 30%) and who 

are susceptible to secondary IFD is less clear [18]. While studies have investigated the prognostic 

implications of the presence of serum/plasma BDG during COVID-19 infection, correlation with IFD 

(an obvious source of BDG) and its subsequent treatment have not been thoroughly investigated. 

At that the start of the pandemic in March 2020, an algorithm for diagnosing IFD within the 

critical care COVID-19 patient was introduced across Wales and this involved BDG screening of 

serum. Data from the first wave of the pandemic was assessed to determine the prognostic value to 

BDG in COVID-19 infected patients, according to the presence of documented IFD and/or subsequent 

AFT. Predictably, increasing age was a demographic factor that correlated with mortality in critical 

care patients with COVID-19 (Figure 1). This has been documented previously, where the mortality 

rated was significantly greater in patients ≥65 years old (42%) compared to the younger cohort (11%), 

but age was not the sole factor in predicting mortality [19]. In the current study, mortality was 30% 

for patients <65 years old, rising to 58% for the older cohort. When an age threshold of 50 years was 

employed the mortality rate was 18% and 47%, respectively for the younger and older cohorts. 

While there was no correlation between increasing age and BDG concentration, the presence of 

a BDG concentration >31 pg/mL further increased the probability of death across the age range and 

on average more than doubled the likelihood of death (Figure 1). The significance of this finding 

remained at higher BDG concentrations, more typically associated with IFD (e.g., >60 pg/mL). During 

COVID-19 infection, particularly post the acute phase, higher BDG concentrations have been 

associated with pro-inflammatory responses linked to increased levels of NF-κB signalling [20]. 

Given that both respiratory and gastro-intestinal inflammation are common symptoms during 

COVID-19 infection and increased membrane permeability has been shown associated with higher 

plasma levels of zonulin (a protein that regulates the permeability of intestinal membranes), 

translocation of BDG from commensal or colonizing fungi within these host environments appears a 

plausible source for BDG within the host’s circulation [21]. While it is convenient to apply existing 

BDG thresholds optimized for the diagnosis of IFD (>60 or >80 pg/ml) to this prognostic approach, it 

should be accepted that these thresholds will likely differ given the different goals. Indeed, during 

IFD fungal burdens and subsequent levels of BDG would typically be higher than when compared 

to BDG translocation sourced from commensal/colonizing fungi. In previous studies assessing the 

prognostic value of BDG testing, a threshold of >40 pg/ml was deemed optimal and is comparable to 

the optimal threshold identified in the current study (>31 pg/ml) [20,22]. Applying a BDG threshold 

of >40 pg/ml to determine patient prognosis in this current study remains significant (OR: 3.1034 95% 

CI: 1.3439-7.1667, P: 0.0073). 

In patients receiving AFT, mortality was typically consistent regardless of the BDG 

concentration and generally compatible with the mortality rates associated with COVID-19 infection 

in the critical care patient without secondary IFD, albeit patient numbers are limited for some 

categories (Table 1). Conversely, in the absence of AFT and/or IFD mortality was significantly greater 

(at least 2.6-fold) when BDG was higher (>31 pg/mL) than when BDG was low (≤31 pg/mL), where 

mortality rates were typical of COVID-19 in critical care. In the final multi-logistic regression model, 

combining BDG >31 pg/mL in the absence of diagnosed IFD and subsequent AFT, the odds ratio 

associated with mortality was substantial (25.8), increasing the probability of death by, an average, 

of 3.4-fold over age alone across the age range. 

Given the complexity of diagnosing IFD, particularly in cohorts lacking established host and 

clinical factors, the association with a BDG >31 pg/mL and increased mortality could be associated 

with undiagnosed IFD rather than a non-infective BDG driven proinflammatory response [15–19]. In 
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patients with no evidence of IFD other than high serum BDG mortality was 91% when not treated 

with antifungals, falling to 50% when AFT was administered (P: 0.1108, Table 1). Sixty-five percent 

(17/26) of patients with documented IFD had a BDG >31 pg/mL, compared to 19% (19/99) of patients 

without documented IFD (P <0.0001). The median BDG concentration of patients with documented 

IFD and a BDG >31 pg/mL was 386 pg/mL, compared to 70 pg/mL in those without documented IFD 

and a BDG >31 pg/mL (Unpaired T test P: 0.0307). Thirteen of 17 patients (76%) with documented 

IFD and a BDG >31 pg/mL would have been considered positive for BDG using the Fungitell 

threshold of 80 pg/mL, compared to seven of 19 patients (37%) without documented IFD and a BDG 

>31 pg/mL (P: 0.0228). While indicating that in patients with documented IFD when BDG is present 

in serum, it is present in higher concentrations consistent with Fungitell thresholds, the response to 

AFT in the absence of documented IFD implies a degree of undiagnosed IFD is present and highlights 

the importance of diagnostic performance for detecting IFD and limiting missed diagnoses. When 

BDG is present >31 pg/mL, the difference in mortality in patients receiving AFT compared to those 

not receiving AFT highlights a potential trigger for initiating antifungal prophylaxis, when AFT for 

IFD has not already been administered. In this study only 15% (19/125) of patients would have 

received additional AFT over those with documented IFD and 64% (80/125) would not require AFT. 

Unfortunately, the diagnosis of COVID-19 associated IFD is complicated, and no single test can 

be considered optimal, particularly when testing blood [23]. Diagnosis of IFD in COVID-19 infected 

patients might have been compromised due to the limited availability of deep respiratory specimens 

like bronchoalveolar lavage due to high risk of transmission of infection. In addition, with testing 

restricted to Aspergillus PCR, Candida PCR (detecting the six most common species), Pneumocystis PCR 

and Aspergillus antigen testing, the detection rates of IFD could have been increased if pan-fungal 

PCR testing was also performed. Further limitations include the number of alternative variables that 

could lead to a poor patient prognosis and could both contribute and conflict with the association of 

BDG and mortality. Unfortunately, our study lacked data on clinical status (e.g., disease severity 

score) and regularly documented clinical markers of inflammation (e.g., C-reactive protein, 

Procalcitonin), and evidence of cytokines/chemokines (IL-6, TNF-α) associated with pro-

inflammatory innate immune response. 

5. Conclusions 

To conclude, 29% of COVID-19 critical care patients had BDG levels >31 pg/mL with mortality 

at 91% when not treated with antifungal drugs, even in the absence of documented IFD. Both 

undiagnosed IFD and a non-infective BDG pro-inflammatory response likely contribute to this poor 

prognosis. Overall, this indicates that high BDG serves as a prognostic marker in COVID - 19 infected 

patients probably due to the associated systemic inflammatory response irrespective of IFD. In 

patients with a BDG concentration ≤31 pg/mL, mortality is typically comparable with that for COVID-

19 in the critical care patient. Further studies are warranted to evaluate more evidence for BDG 

associated mortality, its use as a prognostic marker and measures to be taken to minimize BDG levels 

in serum in critically ill patients with special attention to potential gut translocation of fungal and 

non-fungal PAMPs. 
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The following abbreviations are used in this manuscript: 

IFD Invasive fungal disease 

PCT Procalcitonin  

BDG (1-3)-β-D-Glucan 

AFT Antifungal therapy 

EORTC European Organization for the research and treatment of Cancer 

MSGERC Mycoses Study group Educational and Research Consortium 

ECMM European Confederation of Medical Mycology 

ISHAM International Society for Human and Animal Mycoses 

CAPA COVID-19 Associated pulmonary aspergillosis 

95% CI 95% confidence intervals 

PAMPs pathogen-associated molecular pattern 

LPS Lipopolysaccharide 

IC Invasive candidiasis 
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