
M A J O R  A R T I C L E

β-D-Glucan as a Predictor of Sepsis and/or Mortality • cid 2020:XX (XX XXXX) • 1

Clinical Infectious Diseases

 

Received 6 March 2020; editorial decision 27 August 2020; accepted 7 September 2020; 
published online September 10, 2020.

Correspondence: P.  L. White, Mycology Reference Laboratory, Microbiology Cardiff, Public 
Health Wales, UHW, Heath Park, Cardiff CF14 4XW, UK (lewis.white@wales.nhs.uk).

Clinical Infectious Diseases®  2020;XX(XX):1–8
© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases Society 
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciaa1370

The Presence of (1→3)-β-D-Glucan as Prognostic Marker 
in Patients After Major Abdominal Surgery
P. Lewis White,1 Raquel Posso,1 Christian Parr,2 Jessica S. Price,1 Malcolm Finkelman,3 and Rosemary A. Barnes2

1Mycology Reference Laboratory, Microbiology Cardiff, Public Health Wales, Cardiff, United Kingdom, 2Infection, Immunity and Biochemistry, School of Medicine, Cardiff University, Cardiff, United 
Kingdom, and 3Associates of Cape Cod, Inc, East Falmouth, Massachusetts, USA

Background. While the serological detection of (1→3)-β-D-glucan (BDG) can indicate invasive fungal disease (IFD), false 
positivity occurs. Nevertheless, the presence of BDG can still be recognized by the host’s innate immune system and persistent BDG 
antigenemia, in the absence of IFD, can result in deleterious proinflammatory immune responses. 

Methods. During the XXX (INTENSE) study into the preemptive use of micafungin to prevent invasive candidiasis (IC) after abdom-
inal surgery, the serum burden of BDG was determined to aid diagnosis of IC. Data from the INTENSE study were analyzed to determine 
whether BDG was associated with organ failure and patient mortality, while accounting for the influences of IC and antifungal therapy. 

Results. A BDG concentration >100 pg/mL was associated with a significantly increased Sequential Organ Failure Assessment score 
(≤100 pg/mL: 2 vs >100 pg/mL: 5; P < .0001) and increased rates of mortality (≤100 pg/mL: 13.7% vs >100 pg/mL: 39.0%; P = .0002). 
Multiple (≥2) positive results >100 pg/mL or a BDG concentration increasing >100 pg/mL increased mortality (48.1%). The mortality 
rate in patients with IC and a BDG concentration >100 pg/mL and ≤100 pg/mL was 42.3% and 25.0%, respectively. The mortality rate in 
patients without IC but a BDG concentration >100 pg/mL was 37.3%. The use of micafungin did not affect the findings. 

Conclusions. The presence of persistent or increasing BDG in the patient’s circulation is associated with significant morbidity and 
mortality after abdominal surgery, irrespective of IC. The potential lack of a specific therapeutic focus has consequences when trying to 
manage these patients, and when designing clinical trials involving patients where host-associated BDG concentrations may be elevated.

Keywords.  (1→3)-β-D-glucan; candidiasis; mortality, prognosis; abdominal surgery.

The (1→3)-β-D-glucans (BDGs) are naturally occurring poly-
saccharides, readily produced by a range of plants, algae, a few 
bacteria, and fungi, that are immunoreactive when present in 
the body. BDG, the major component of the fungal cell wall, is 
recognized by various immune receptors, typically C-type lectin 
receptors and most significantly dectin-1, present on a range of 
immune cells, including macrophages, monocytes, dendritic 
cells, and natural killer cells and confers a proinflammatory 
immune response, particularly T-helper 1 and T-helper 17 [1]. 
Exposure of BDG together with other pathogen-associated 
molecular patterns (PAMPs) with different receptor classes 
(Toll-like receptor and nucleotide-binding oligomerization do-
main–like receptors) has been demonstrated to elicit profound 
proinflammatory synergy [2–4]. BDG can be present in the 
body due to nonfungal infection sources and a range of clin-
ical and nonclinical sources have been identified, including the 
gastrointestinal tract, where there may be an association with 
the translocation of fungal-derived inflammatory mediators, 

resulting in worsening sepsis and neurocognitive impairment 
[5–9].

During the XXX (INTENSE) study into the preemptive use of 
micafungin to prevent invasive candidiasis (IC) postsurgery for 
intra-abdominal infection, the serum burden of BDG was deter-
mined as part of the investigations for diagnosing IC [10]. The 
study showed that BDG positivity was significantly associated 
with IC (odds ratio [OR], 3.66 [95% confidence interval {CI}, 
1.01–13.29]), but a large cohort of patients (72.2%) with positive 
BDG results did not have documented IC. The elevated BDG titer 
was likely associated with the abdominal surgery [11].

Given the potential association between abdominal translo-
cation of BDG and worsening sepsis, it was decided to analyze 
the data from the INTENSE study to determine whether BDG 
positivity worsened the severity of disease and patient mor-
tality, and how this related to a diagnosis of documented IC and 
the use of antifungal therapy (micafungin). This manuscript de-
scribes the findings and attempts to highlight parameters that 
predict mortality in BDG-positive patients after abdominal sur-
gery, even in the absence of documented IC.

METHODS

Patients and Study Design

The INTENSE study (ClinicalTrials.gov identifier NCT01122368) 
was a double-blind randomized controlled trial to determine the 
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efficacy of micafungin as a preemptive antifungal therapy for IC 
in adults requiring surgery and an intensive care unit admission 
for intra-abdominal infection [10]. IC was diagnosed by inves-
tigators at baseline, during therapy, at the end of therapy, and at 
the end of study, and by an independent data review board after 
completion of the trial, with diagnosis based on positive histology 
on biopsy, or positive culture from blood, tissue, peritoneal drain, 
biliary catheter, or intra-abdominal abscess. The performance of 
BDG was evaluated among other circulatory biomarker assays 
(Candida polymerase chain reaction [PCR], Candida antibody, 
and Candida [mannan] antigen), but played no role in defining IC.

In the current study, the highest BDG concentration gener-
ated by each patient was recorded to determine any correlation 
between severity of illness, as indicated by the Sequential Organ 
Failure Assessment (SOFA) score and patient prognosis [12]. 
In addition, the impact of multiple (≥2) BDG-positive results, 
BDG concentrations persisting >100 pg/mL or increasing be-
yond this value, on patient prognosis was evaluated. Correlation 
between BDG and other biomarker positivity was assessed 
to identify any enhanced predictor of mortality. Finally, the 
comparison of mortality rates in patients diagnosed with and 
without IC and the BDG concentration were evaluated, along 
with the impact of micafungin therapy.

All data were generated as part of the INTENSE trial, per-
formed following the ethical principles as defined in the 
Declaration of Helsinki, with written or witnessed informed 
consent obtained for all patients. The additional statistical 
analysis performed in this current study was performed anon-
ymously and retrospectively and with the approval of Astellas 
Pharma EMEA.

Detection of (1→3)-β-D-Glucan and Other Candida Biomarker Testing

The presence of BDG was determined using the Associates of 
Cape Cod Fungitell assay, following the manufacturer’s instruc-
tions and blinded to patients’ diagnosis. Samples were tested 
in duplicate, using the following thresholds: negative, ≤60 pg/
mL; indeterminate, 60–79 pg/mL; positive, ≥80 pg/mL. In addi-
tion to BDG, other Candida-specific biomarker testing (namely 
Candida PCR, Candida antibody, and mannan enzyme-linked 
immunosorbent assay [ELISA]) was performed in the study as 
previously described [13].

Statistical Analysis

Primary analysis involved the categorical comparison of BDG 
positivity (≥80 pg/mL) with mortality (yes/no) and median 
SOFA score on an individual patient basis. The highest BDG 
concentration recorded for each patient was used for primary 
analysis. However, for semiquantitative comparison with mor-
tality and SOFA score, all  available BDG concentrations were 
categorized into <100, 100–199, 200–299 and ≥300 pg/mL, and 
on the basis of this analysis a BDG concentration threshold of 
100 pg/mL was identified as optimal for differentiating higher 

SOFA scores and increased likelihood of mortality. To enhance 
specificity for predicting mortality, further analyses using 
stricter thresholds requiring multiple BDG-positive results per 
patient and increasing BDG concentrations were applied. In ad-
dition, the added influence of positivity in BDG and other bio-
marker assays (namely Candida PCR, BioRad Candida antigen 
and antibody) on mortality was determined. To assess the im-
pact of confounding factors that could influence the BDG con-
centration, mortality rates above and below the optimal BDG 
threshold of 100 pg/mL were calculated after adjustment for the 
presence of documented IC and the use of micafungin, both in-
dividually and combined.

When comparing pairs of median values, the Mann-Whitney 
U test was performed and Kruskal-Wallis 1-way analysis of var-
iance with Dunn multiple comparisons test was used to com-
pare multiple medians. For proportionate values, 95% CIs were 
calculated. When comparing mortality rates, 2 × 2 contingency 
tables were constructed to determine the sensitivity and spec-
ificity for predicting mortality and the OR and relative risk of 
mortality, using the Fisher exact test to determine the signifi-
cance of any difference. GraphPad Prism version 5.02 software 
was used for all analyses, with significance determined by a P 
value ≤.05.

RESULTS

Study Population

Of the 252 patients randomized into the trial, 179 patients 
had samples tested for the presence of BDG; a total of 573 of 
594 samples were successfully screened for BDG and 38 pa-
tients were diagnosed with IC, of whom 14 died. Patient dem-
ographics and BDG data for the overall population, categorized 
according to IC, are shown in Table 1. The median patient age 
was 63 years and the male-to-female ratio was 1.6:1. The me-
dian SOFA score and mortality rate across the entire population 
were 2 and 24.6%, respectively. The SOFA score and BDG con-
centration and positivity were significantly greater in patients 
diagnosed with IC, with a trend toward increased mortality 
(Table 1).

(1→3)-β-D-Glucan Concentration and SOFA Score

The median SOFA score increased with BDG concentration 
(Figure 1). In a patient with a BDG concentration consistently ≤100 
pg/mL, the median SOFA score was 2, increasing to 5 for BDG 
concentrations between 100 and 299 pg/mL, and 7 when the BDG 
concentration was >300 pg/mL. The median SOFA score in pa-
tients with a BDG concentration consistently ≤100 pg/mL was sig-
nificantly less than in those with a BDG concentration >100 pg/mL 
on at least 1 occasion (median, 2 vs 5, respectively; P < .0001). There 
was no significant difference in SOFA scores associated with the 
different categories of BDG concentrations that were >100 pg/mL  
(P = .5337).
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(1→3)-β-D-Glucan Concentration and Mortality

The mortality rate associated with BDG concentration is shown 
in Table 2. When the BDG concentration in a patient was con-
sistently ≤100 pg/mL, the mortality rate was 13.7%, compared to 
39.0% when the BDG concentration in a patient was >100 pg/mL  
on at least 1 occasion, resulting in a significant increase in mor-
tality in patients with a BDG concentration >100 pg/mL on 
at least 1 occasion (difference, 25.3% [95% CI, 12.3%–37.6%]; 
P <  .001, Fisher exact test). The OR associated with mortality 

in patients with a BDG concentration >100 pg/mL on at least 
1 occasion compared to those with a BDG concentration con-
sistently ≤100 pg/mL was 4.0 and relative risk was 2.8 (Table 3). 
The sensitivity and specificity for predicting mortality were 
68.2% (30/44) and 65.2% (88/135), respectively.

In an attempt to improve specificity for predicting mortality, 
further analysis comparing mortality in 60 patients with mul-
tiple (≥2) BDG-positive results (concentration ≥80 pg/mL) to 
patients with either a single sample BDG positive or consist-
ently BDG negative (n  =  119) was performed. The mortality 
rate for patients with multiple (≥2) BDG-positive results was 
33.3%, but specificity was not significantly improved (95/135) 
(Tables  2 and 3). This was taken further by comparing mor-
tality in 39 patients with multiple (≥2) BDG-positive results at 
a concentration >100 pg/mL to 140 patients with either a single 
BDG-positive sample at a concentration >100 pg/mL or with 
BDG concentrations consistently ≤100 pg/mL. The mortality 
rate was doubled in patients with multiple (≥2) BDG results 
>100 pg/mL, significantly improving the specificity (83.0%) for 
predicting mortality compared to a threshold incorporating 
a single BDG result >100 pg/mL (difference, 21.0% [95% CI, 
5.2%–37.6%]; P = .011) (Tables 2 and 3). In 52 patients where 
BDG concentration remained >100 pg/mL or increased to a 
concentration >100 pg/mL, mortality was 48.1% and the spec-
ificity when predicting mortality was 80.0%; the odds and risk 
of death were significantly higher than 127 patients not meeting 
this parameter (Table 3).

Impact of Other Positive Biomarker Assays

A BDG concentration of >100 pg/mL was a good indication that 
other biomarkers would also be positive, irrespective of patient 
prognosis. Sixty-five of 77 (84%) patients with at least a single 
sample with a BDG concentration of >100 pg/mL were positive 

Table 1. Basic Demographics and (1→3)-β-D-Glucan According to the Diagnosis of Invasive Candidiasis

Parameter

Population

P Value (IC vs No IC)Overall (N = 179) Documented IC (n = 38) No IC (n = 141)

Age, y, median 63 63 64 .4881

Male-to-female ratio 1.8:1 1.6:1 1.9:1 .8470

SOFA score, median 2 5 2 <.0001

Mortality rate, No. (%) 44/179 (24.6) 14/38 (36.8) 30/141 (21.3) .0573

Samples per patient tested for BDG, median 3 3 3 .8763

BDG concentration, pg/mL, median 74.0 117.0 64.5 <.0001

BDG sample positivity rate, No. (%) 190/594 (32.0) 68/134 (50.7) 122/460 (26.5) <.0001

BDG patient positivity rate, No. (%) 90/179 (50.3) 28/38 (73.7) 62/141 (44.0) .0017

Type of IC Candida peritonitis (n = 12) candidemia (n = 8), 
Candida intra-abdominal abscess (n = 8), Can-
dida deep wound infection (n = 4), histolog-
ical proven Candida infection (n = 2), Candida 
venous catheter infection (n = 2), not specified 
(n = 2)

NA NA

Significant P values are highlighted in bold.

Abbreviations: BDG, (1→3)-β-D-glucan; IC, invasive candidiasis; NA, not applicable; SOFA, Sequential Organ Failure Assessment.

Figure 1. Sequential Organ Failure Assessment (SOFA) scores according to 
(1→3)-β-D-glucan concentration. The bold horizontal lines represents the median 
value for each category and the P values represent the significance of the difference 
between the medians as determined by the Mann-Whitney U test.
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by 1 of the other tests (OR, 2.3 [95% CI, 1.1–4.8]; P = .0337). 
Sixteen percent (12/77) of patients with at least a single sample 
with a BDG concentration of >100 pg/mL were positive by all 
other tests (OR, 3.0 [95% CI, 1.1–8.3]; P = .044). Combining a 
BDG concentration of >100 pg/mL with positivity in any other 
individual biomarker assay did not improve the specificity for 
predicting mortality (Table 3). In patients with a BDG concen-
tration of >100 pg/mL plus all other biomarkers being positive 
on at least 1 occasion, the mortality rate was 50% and specificity 
for predicting mortality was 95.6%.

Influence of Invasive Candidiasis

The overall mortality rate in patients with documented IC was 
36.8% compared with 21.3% in patients without documented IC, 
and the median BDG concentration was significantly greater in 
documented cases (Table 1). A BDG concentration of >100 pg/mL  
was noted in 26 cases of IC, of which the mortality rate was 
42.3% compared with 25% in the 12 cases of IC where the BDG 
concentration was ≤100 pg/mL (Tables 2 and 4). Mortality was 
similar in patients with a BDG concentration of >100 pg/mL  
on at least 1 occasion, whether or not the patient had IC docu-
mented. In patients without documented IC and a BDG con-
centration of >100 pg/mL on at least one occasion, the mortality 
rate was comparable to that in cases of documented IC, and was 
significantly greater than the mortality rate in patients without 
documented IC and a BDG concentration consistently ≤100 pg/
mL (difference, 25.1%; P = .001) (Table 4). The mortality rate in 
patients with documented IC and a BDG concentration con-
sistently ≤100 pg/mL was not significantly greater than patients 
without documented IC and a BDG concentration consistently 
≤100 pg/mL.

Influence of Antifungal Therapy

The impact of micafungin on BDG concentration was minimal, 
with no significant difference in the rate of patients with a BDG 
concentration of >100 pg/mL on at least 1 occasion whether they 
received micafungin (37/93; 39.8% [95% CI, 30.4%–50.0%]) 
or a placebo (40/86; 46.5% [95% CI, 36.4%–57.0%]) (Table 2). 
Furthermore, mortality rates in patients with a BDG concentra-
tion of >100 pg/mL on at least 1 occasion were similar whether 
they received micafungin (35.1% [95% CI, 21.8%–51.2%]) or 
placebo (40.0% [95% CI, 26.4%–55.4%]), but significantly 
greater than in patients with a BDG concentration ≤100 pg/mL,  
irrespective of antifungal treatment (Table 4). The administra-
tion of micafungin or a placebo did not alter mortality in pa-
tients with a BDG concentration of >100 pg/mL, irrespective of 
a diagnosis of IC, with mortality rates comparable in patients 
with or without IC (Table 2). Mortality rates were comparable 
in patients without IC and BDG ≤100 pg/mL, irrespective of 
antifungal therapy, and were lower than patients diagnosed 
with IC, or with a BDG concentration >100 pg/mL in the ab-
sence of an IC diagnosis (Table 4).Ta
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DISCUSSION

This study shows that elevated BDG concentrations >100 pg/mL 
are associated with increased organ failure and mortality in pa-
tients after abdominal surgery. A  summary of the SOFA scores 
and mortality rates associated with varying BDG concentrations 
are shown in Figure 2. While BDG is commonly used as a diag-
nostic test for invasive fungal disease, including IC, there is more 
evidence emerging linking it to deleterious proinflammatory 
responses within the host [5–9]. Obviously, the cohort in the 
INTENSE study is at high risk of developing IC, so data were 
adjusted to assess for the mortality in patients with and without 
documented IC. Subsequently, a BDG concentration >100 pg/mL  
was associated with a significant increase in mortality, even in the 
absence of documented IC (37.3%), and the mortality rate in pa-
tients with or without IC and a BDG concentration >100 pg/mL  
was numerically higher than patients with IC where the BDG 
concentration was ≤100 pg/mL, but numbers were limited and a 
large-scale clinical trial is required (Tables 2 and 4). The elevated 
BDG concentration could be associated with undiagnosed IC (or 
other invasive fungal disease [IFD]), a diagnostic limitation that is 
well documented or alternatively could be associated with dietary 
regimen or clinical sources (eg, administration antibiotics or sur-
gical gauze) of BDG [14]. However, the mortality rate in patients 
without IC, but with a BDG concentration >100 pg/mL, was sim-
ilar whether they received micafungin (34.7%) or not (39.2%) and 
was higher than patients with a BDG concentration ≤100 pg/mL 
irrespective of treatment, indicating that the elevated BDG con-
centration did not necessarily originate from IC (Tables 2 and 4). 
No significant alternative IFDs were diagnosed in these patients, 
but other than BDG and blood culture, diagnostics were focused 
on the detection of IC and other IFDs may have been overlooked, 
albeit unlikely in this specific cohort. In the 12 cases of IC where 
the BDG concentration was ≤100 pg/mL, the mortality rate was 
consistent with previous studies [15, 16]. The mortality rates in-
creased if BDG concentrations persisted or increased >100 pg/mL,  
with the risk of dying increased ≥3-fold, and if a patient was pos-
itive by all 4 biomarker tests, mortality was 50% (Tables 2 and 
3), with the latter, given the specificity of the other tests, likely 
indicating severe IC. The similar mortality in patients with 
and without IC and a BDG concentration of >100 pg/mL on at 
least 1 occasion indicates that the presence of BDG may be an 
important driver of mortality, irrespective of fungal infection. 
Independent studies of the association of BDG titers with the 
course of disease severity and mortality, with or without sus-
pected/proven IFD, observed similar results [15–17].

The presence of BDG resulting in systemic inflammatory re-
sponse syndrome without documented fungal disease, leading to 
increased likelihood of death, represents a very difficult clinical 
management scenario. If fungal sepsis is documented, antifungals 
can be administered in an attempt to reduce the fungal burden and 
enhance recovery. However, if the source of BDG is not fungal di-
sease per se, then the success of this strategy will be limited and Ta
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attempts to find and restrict the source of BDG are required. 
Intestinal mucosal barrier injury is 1 potential source of elevated 
serum BDG titers, due to translocation of luminal contents to the 
circulation. Recently, research studies have utilized biomarkers of 
mucosal barrier injury, such as intestinal fatty acid binding protein, 
occludin, zona occludens-1 protein, and L-citrulline, along with 
elevated circulating microbial response markers, to identify a con-
text suggestive of microbial PAMP translocation due to a damaged 
intestinal barrier [18–21]. In the interim period it may be possible 
to diminish an individual’s inflammatory immune response (eg, 
through the administration of corticosteroids), but in doing so the 
risk of opportunistic infection, including fungal disease, will be in-
creased. This association between increased mortality and BDG 
that is not necessarily associated with fungal disease also has im-
plications when designing clinical trials. Studies involving patients 
with potentially increased concentrations of “host-associated” 
BDG (eg, abdominal surgery) may complicate the interpretation 
of mortality endpoints and could even undermine other endpoints 
(eg, drug efficacy) if not accounted for.

For pharmaceutical trials, the specificity of documented cases 
is key when determining therapeutic efficacy. In the INTENSE 
study, cases of IC were documented by the individual centers and 
by the independent data review board, cases were defined using 
conventional culture-based diagnosis (ie, blood culture or culture 
from a sterile site). It is likely that some cases of IC would have gone 
undiagnosed, due to the limitations of conventional diagnostic ap-
proaches that lack sensitivity. Some of the “false positive” BDG 
results, and indeed other biomarker results, could reflect the limi-
tations of conventional diagnostics [14]. A further limitation is that 
as part of the trial design, patients with documented IC would have 

received appropriate antifungal therapy, irrespective of whether 
they initially received micafungin or a placebo. Unfortunately, the 
data were not available to assess the impact of this on mortality.

To conclude, BDG positivity after abdominal surgery occurs in a 
significant proportion of patients (50.6%), likely a result of the ana-
tomically disruptive clinical intervention, and while not necessarily 
linked to IC, limiting the primary diagnostic application of the test, 
it has prognostic value. The results of this study indicate that the 
presence of BDG at a concentration >100 pg/mL is an important 
indicator of poor prognosis after abdominal surgery, even in the 
absence of documented IC. If BDG concentrations increase or per-
sist >100 pg/mL, then probability of death is significantly elevated 
(approximately 50%). It is unclear whether the presence of other 
positive biomarkers (Candida PCR, antigen/antibody) also in-
creases relative risk, but specificity is improved and likely indicates 
the involvement of IC. Persistent or increasing BDG antigenemia, 
even in the absence of additional evidence of fungal infection, is 
cause for concern in both the clinic and clinical trial settings.

Notes
Disclaimer. Fungitell is cleared for use as an adjunct test in the diag-

nosis of invasive fungal disease. The data presented herein are for research 
purposes only.
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ciation with mortality and Sequential Organ Failure Assessment (SOFA) score as part of the Invasive Candidiasis – Pre-Emptive Treatment in High Risk Surgical Subjects 
INTENSE study. Abbreviation: CI, confidence interval.
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