
Diagnostic Microbiology and Infectious Disease 101 (2021) 115415

Contents lists available at ScienceDirect

Diagnostic Microbiology and Infectious Disease

journal homepage: www.elsevier.com/locate/diagmicrobio
Mycology
Comparison of two b-D-glucan assays for detecting invasive fungal
diseases in immunocompromised patients
Junhyup Song, Sinyoung Kim, Jungyong Park, Younhee Park*, Hyon-Suk Kim
Department of Laboratory Medicine, Yonsei University College of Medicine, Seodaemun-gu, Seoul, Korea
A R T I C L E I N F O

Article history:
Received 1 February 2021
Revised in revised form 14 April 2021
Accepted 24 April 2021
Available online 5 May 2021
Abbreviations: AMR, analytical measuring range; BDG
sive fungal disease; LAL, Limulus amoebocyte lysate; LO
Pneumocystis jirovecii pneumonia
* Corresponding author. Tel.: +82-2228-2449; fax: +82
E-mail address: younheep@yuhs.ac (Y. Park).

https://doi.org/10.1016/j.diagmicrobio.2021.115415
0732-8893/© 2021 Elsevier Inc. All rights reserved.
A B S T R A C T

(1-3)-b-D-glucan (BDG) is a major biomarker of invasive fungal diseases (IFDs), which are life-threatening
for immunodeficient patients. We compared the clinical performance of two BDG-detection assays. The pre-
cision, linearity, reference interval, and limit of quantitation of the Wako BDG assay were analyzed and the
performance was compared with that of the Goldstream BDG assay using 272 clinical serum samples. The
repeatability, within-laboratory imprecision, and limit of quantitation of the Wako BDG assay were 3.8%,
5.9%, and 7.35 pg/mL, respectively (linearity, 23.8−557 pg/mL; R2 = 0.998). The correlation coefficient, slope,
and y-intercept for theWako BDG assay versus Goldstream BDG assay were 0.29, 3.82, and 0.04, respectively.
The sensitivity and specificity were 43.8% and 94.9% for the Wako BDG assay and 39.6% and 83.5% for the
Goldstream BDG assay, respectively. In clinical settings, the Wako BDG assay is suitable for diagnosing
patients with IFDs.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

The polysaccharide (1-3)-b-D-glucan (BDG) is a major component
of the fungal cell wall. Its backbone, comprising approximately 1500
glucose subunits, is cross-linked by the b (1-3) glycosidic bond
(Wright et al., 2011). BDG exists as an insoluble structure in the fun-
gal cell wall. When BDG is released in human body fluids, it trans-
forms into a triple helix or single helix, and is consequently rendered
soluble (Inoue et al., 1996; Yoshida et al., 1997). After the discovery
of clotting reaction with b-glucan and the blood of Limulus polyphe-
mus (North American horseshoe crab), several BDG assays were
developed based on the Limulus amoebocyte lysate (LAL) pathway
(Ohno et al., 1990). Owing to the widespread presence of BDG in clin-
ically relevant fungi, its presence in the serum or plasma of patients
has been recognized as an important biomarker for invasive fungal
diseases (IFDs) (Obayashi et al., 1995; Horiguchi, 2004).

IFDs, including invasive candidiasis, invasive aspergillosis, and
Pneumocystis jirovecii pneumonia (PCP), cause high morbidity and
mortality among immunocompromised patients (Brown et al., 2012;
Schmiedel and Zimmerli, 2016). Although blood culture has a limited
sensitivity of approximately 50% for candidemia and a long turn-
around time of over 2 days, it remains the primary tool for detecting
Candida infection (Dichtl et al., 2019). As delayed initiation of therapy
for IFD results in increased mortality (Schmiedel and Zimmerli, 2016),
rapid and accurate testing is needed in patients at risk of IFDs, for
guiding immediate pre-emptive therapy or for discontinuing unnec-
essary administration of fungal drugs.

In this context, assaying BDG, which can rapidly identify the pres-
ence of various fungi, is of high value (Horiguchi, 2004; Odabasi et al.,
2004; Pickering et al., 2005; Senn et al., 2008; Presterl et al., 2009;
Alexander et al., 2010; Son et al., 2017; Clancy and Nguyen, 2018).
BDG assays typically yield faster results than other methods, includ-
ing blood culture and polymerase chain reaction (PCR), and the time
required from pre-treatment to the final report of the results is up to
120 min (Friedrich et al., 2018). Various BDG assays invariably rely on
the detection of the clotting reaction resulting from the LAL pathway
as the measurement principle (Mori et al., 1997). However, the type
of standard material and detection technique used for the clotting
reaction in each assay differs, resulting in differences between the
reference values and the possible interfering substances
(Friedrich et al., 2018). Two widely used assays, the Goldstream Fun-
gus BDG assay (Gold Mountain River Tech Development, Beijing,
China) and the Wako BDG assay (Fujifilm Wako Pure Chemical Indus-
tries, Osaka, Japan) differ in several aspects. The Goldstream BDG
assay uses pachyman as the BDG standard material, a colorimetric
method for detection, and a cut-off value of 60 pg/mL. In contrast, the
Wako BDG assay uses lentinan as the BDG standard material, a turbi-
dimetric method for detection, and a cut-off value of 11 pg/mL.

The Wako BDG assay has multiple advantageous features. It
accepts single-sample vials, allowing it to efficiently address small
volume workloads. Additionally, the assay is relatively free of
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interference from hemolysis, lipemia, and icterus in samples, as it is
based on turbidimetry. Considering this, we evaluated the technical
performance of the Wako BDG assay, and compared the results of
272 clinical samples using the Wako BDG assay and the Goldstream
BDG assay to assess the clinical applicability of the Wako BDG assay.
Moreover, we evaluated the optimal cut-off value in order to improve
the diagnostic accuracy of the Wako BDG assay.

2. Materials and methods

2.1. Analytical performances

2.1.1. Precision
A LAL control (Fujifilm Wako Pure Chemical Industries), the qual-

ity control material for the BDG assay, was used to evaluate precision
using a Toxinometer MT-6500 (Fujifilm Wako Pure Chemical Indus-
tries). The test was repeated five times per day for five consecutive
days, in accordance with the Clinical and Laboratory Standards Insti-
tute (CLSI) EP15-A3 guidelines, to assess its repeatability and within-
laboratory imprecision. The mean concentration from 25 measure-
ments was 23.18 pg/mL.

2.1.2. Linearity
The analytical measuring range (AMR) suggested by the manufac-

turer (Fujifilm Wako Pure Chemical Industries) is 6−600 pg/mL. As
per the CLSI EP6-A guidelines, two patient samples, with respective
BDG concentrations of 119.0 pg/mL and 557.0 pg/mL, were diluted at
ratios of 5:0, 4:1, 3:2, 2:3, and 1:4. Each of the diluted samples was
measured in triplicate. We then performed polynomial regression to
determine the best-fitting model, and validated linearity when devia-
tion from the first order model was below 5%.

2.1.3. Reference interval
The reference interval suggested by the manufacturer (Fujifilm

Wako Pure Chemical Industries) was validated according to the CLSI
EP28-A3C guidelines. We measured 21 samples referred from the
health check-up center, to determine whether no more than 10% of
the results fell outside the originally reported cut-off limit.

2.1.3. Limit of quantitation (LOQ)
According to the CLSI EP17-A2 guidelines, a standard material

with a low concentration was diluted at ratios of 4:0, 4:9, 2:9, and
1:10 to obtain expected concentrations of 23.9, 7.35, 4.35, and
2.39 pg/mL, respectively. Each diluted sample was measured in tripli-
cate over 4 days. The lowest concentration at which the diluted sam-
ple showed bias between the expected and measured value below
20% was validated as the LOQ.

2.1.4. Comparison of the methods
The methods were compared according to the CLSI EP9-A2-IR

guidelines. Along with correlation between quantitative results using
the Wako BDG assay and Goldstream BDG assay, we also assessed the
classification concordance of the interpreted results based on the
cut-offs recommended by the respective manufacturer.

2.2. Specimen collection and BDG measurement

From December 2019 to January 2020, 272 serum samples from
different patients referred to the laboratory for routine BDGmeasure-
ment were tested. The Goldstream BDG assay and the Wako BDG
assay were performed simultaneously; the Platelia Aspergillus galac-
tomannan Ag assay (Bio-Rad, Marnes la Coquette, France) and Cand-
Tec Candida Ag assay (Ramco Laboratories, Texas, US) were also
tested on the same day. The tests were performed following the
respective manufacturers’ instructions. The Wako BDG and Gold-
stream BDG assays both exploit the action of a clotting enzyme
triggered by factor G. While the Wako BDG assay measures the gela-
tion time required for achieving the predefined specific turbidity by
sample clotting, the Goldstream BDG assay measures the absorbance
of the chromophore p-nitroaniline, which is generated by the acti-
vated clotting enzyme. This study protocol was reviewed and
approved by the Institutional Review Board of Severance Hospital in
Seoul, Korea (IRB No. 1-2020-0021) and informed consent was
waived.

2.3. Clinical data

The patients’ age, sex, types of underlying diseases related to
immunosuppression, results of culture tests using blood and various
body fluids, results of PCR for P. jirovecii, and history of other labora-
tory tests and treatments were comprehensively reviewed from the
electronic medical records. In addition, episodes of hemolyzed, lipe-
mic, and icteric blood samples were reviewed to address potential
interferences in the BDG test results.

Diagnosis of proven, probable, and possible IFDs were based on
the revised definitions of IFD from the European Organisation for
Research and Treatment of Cancer/Fungal Infections and the National
Institute of Allergy and Infectious Diseases Mycoses Study Group
(EORTC/MSG) consensus (De Pauw et al., 2008; Donnelly et al., 2019).
Only proven and probable IFDs were regarded as true-positive IFDs.
With respect to the mycological criteria for probable diagnosis, blood
culture and PCR results from clinical samples drawn at up to §3 days
from the BDG test were included, as described previously
(Friedrich et al., 2018).

All of the episodes were classified into four groups. Positive IFD
episodes with a positive BDG result were classified as true positives.
Positive IFD episodes with a negative BDG result were classified as
false negatives. Negative IFD episodes with a positive BDG result
were classified as false positives. Negative IFD episodes with a nega-
tive BDG result were classified as true negatives.

2.4. Statistical analysis

We performed statistical analysis and presented the results as
graphs using Analyse-it (v2.30, Analyse-it Software Ltd, Leeds, UK).
Receiver operating characteristic (ROC) analysis was performed to
evaluate the diagnostic accuracy of the Wako BDG assay. The highest
Youden index indicated the optimal cut-off. Relationships among
BDG assays were evaluated by Spearman’s correlation analysis. The
slope and y-intercept for the results obtained using each instrument
were determined by performing the Passing-Bablok regression analy-
sis. The agreement for categorical items, namely Cohen’s kappa, was
calculated to analyze the classification concordance. Kappa values of
0.01−0.20, 0.21−0.40, 0.41−0.60, 0.61−0.80, and 0.81−1.0 repre-
sented slight, fair, moderate, substantial, and perfect agreement,
respectively (Landis and Koch, 1977). P-values <0.05 were considered
statistically significant.

3. Results

The repeatability and within-laboratory imprecision of the Wako
BDG assay, presented as the coefficient of variation, were 3.8% and
5.9%, respectively. The BDG concentrations using theWako BDG assay
showed linearity in 23.8−557 pg/mL (Y = -0.6333 + 1.027X; R2,
0.996). The reference interval of 0−11 pg/mL was validated, and no
single result fell outside the suggested limit. The measured concen-
trations of 21 samples from healthy individuals were distributed in
2.54−6.09 pg/mL. The %bias calculated between the expected value
and actual measured value for the diluted standard materials with
concentrations of 23.9, 7.35, 4.35, and 2.39 pg/mL was -1.4%, 7.8%,
22.2%, and 51.0%, respectively. Consequently, the determined LOQ
was 7.35 pg/mL (Table 1).



Table 1
Technical parameters of BDG assays.

Parameters Wako BDG assay Goldstream BDG assay

Evaluated Indicateda Indicateda

Imprecision
Within-run (%) 3.8 6 n/ab

Within-laboratory (%) 5.9 7 n/ab

Analytical measuring range
(pg/mL)

23.8−557 6−600 31.25−500

Reference interval (pg/mL) validatedc 0−11 0−60
Limit of quantitation (pg/

mL)
7.35d 6.00 31.25

BDG = (1-3)-b-D-glucan
a Each set of parameters is indicated by the respective manufacturer.
b Imprecision of the Goldstream assay was not provided by the manufacturer.
c The reference interval of 0−11, indicated by Fujifilm Wako, was validated in this

study.
d Since diluted samples of 7.35 pg/mL showed a bias of 7.8% and those of 4.35 pg/mL

showed a bias of 22.2%, a concentration of 7.35 pg/mL was determined as the limit of
quantitation.
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In total, 272 patients were identified during the study period.
Among them, 96 were in the positive IFD category and 176 were clas-
sified as negative (Fig. 1). The clinical characteristics of the patients
are shown in Table 2. The Candida species isolated from blood culture
were C. albicans (n = 5) and C. krusei (n = 1). The serum Aspergillus
and Candida antigen assays were positive for 38 and 59 patients,
respectively. The sputum PCR for P. jirovecii was positive in eight
patients. There were 13 patients for which two or more test results
were simultaneously positive. Most patients had one or more under-
lying diseases that result in immunodeficiency. There were no signifi-
cant episodes of hemolyzed, lipemic, and icteric blood samples,
which could interfere with the BDG test results.

BDG results obtained using the Wako BDG assay and Goldstream
BDG assay and the diagnostic performances of these two assays for
positive and negative IFD patients are summarized in Table 3. The
median BDG levels were analyzed for BDG results surpassing the cut-
offs suggested by the respective manufacturer (Goldstream BDG
assay, ≥60 pg/mL, and Wako BDG assay, ≥11 pg/mL). Using the Wako
BDG assay, the median BDG level was 35.1 pg/mL in positive IFD
patients and 31.1 pg/mL in negative IFD patients. Using the Gold-
stream BDG assay, the median BDG level was 132.8 pg/mL in positive
IFD patients and 109.3 pg/mL in negative IFD patients. Using the cut-
off value recommended by the manufacturer, the sensitivity and
specificity were 39.6% and 83.5% for the Goldstream BDG assay and
43.8% and 94.9% for the Wako BDG assay, respectively (Table 3).
While the sensitivities of two assays showed no significant difference,
Fig. 1. Flow chart representing study sample collection. Positive invasive fungal dis-
ease (IFD) comprised proven IFD and probable IFD. Proven IFD was defined as patients
with blood culture-positive candidiasis. Probable IFD was defined as patients with pos-
itive results from Candida antigen, Aspergillus galactomannan antigen, and Pneumocys-
tis jirovecii pneumonia (PCP) PCR tests.
the specificity of the Wako BDG assay was significantly higher than
that of the Goldstream BDG assay.

When compared quantitatively, the Wako BDG assay showed a
negative bias when compared with the Goldstream BDG assay, with a
slope of 0.04, y-intercept of 3.82, and R of 0.29 (Fig. 2), indicating sub-
stantial discrepancy between the assay results. We also performed an
ROC analysis to determine the optimal cut-off value, besides the rec-
ommended cut-off of 11 pg/mL, to improve the diagnostic accuracy
of the Wako BDG assay, which was found to have the highest Youden
index at an optimal cut-off value of ≥8.31 pg/mL (Fig. 3). The area
under the ROC curve (AUC) was 0.751 (95% confidence interval [CI],
0.689 to 0.813).

We also assessed the effects of this systemic bias on the clinical
interpretation of the BDG concentration. As the two assays differ
with regard to the BDG standard materials and detection methods
used for the clotting reaction, their reference ranges and cut-off val-
ues vary greatly. The BDG test result classifications using these two
assays and Cohen’s kappa between them are described in Table 4.
Upon reducing the cut-off value for the Wako BDG assay from
11 pg/mL to 8.31 pg/mL, there were a total of nine samples whose
Wako BDG results changed from negative to positive due to the
change in the cut-off values; of these nine samples, two were nega-
tive with the Goldstream assay, while seven were positive. Accord-
ingly, the Cohen’s kappa value increased from 0.44 to 0.52.

4. Discussion

Since being recognized as a biomarker discovered in virtually all
clinically relevant fungal species, the serum BDG level is becoming
increasingly important to indicate cases of IFD (Ostrosky-
Zeichner et al., 2005; Pazos et al., 2005, 2006; Held et al., 2011;
Karageorgopoulos et al., 2011, 2013; Tissot et al., 2013; Li et al., 2015,
2019). However, from the standpoint of individual measurement
methods selected in clinical laboratories worldwide, there has been a
substantial amount of discrepancy according to the locations of the
laboratories due to their specific regulations and economic limita-
tions. Therefore, we measured the actual analytical performance of
the Wako BDG assay and compared its clinical performance to that of
the Goldstream BDG assay.

In the present study, we observed excellent concordance between
the precision, linearity, reference range, and limit of quantitation of
the Wako BDG assay suggested by the manufacturer and those
acquired by actual measurements. Further, the Wako BDG assay
allows single-sample testing, does not need sample collection for
cost-effective measurement, and consequently shows excellent eco-
nomic performance, particularly in smaller laboratories.

Thus far, few studies have compared the analytical performances
of different BDG assays (Hossain et al., 1997; Moro et al., 2003;
Yoshida et al., 2011; Friedrich et al., 2018; Mercier et al., 2019).
Friedrich et al. (2018) compared the Wako BDG assay with the Fungi-
tell assay (Associates of Cape Cod, East Falmouth, MA, USA) and
reported that after lowering the cut-off value from 11 pg/mL to
3.8 pg/mL, the Wako BDG assay demonstrated satisfactory sensitivity,
higher specificity, and better technical flexibility compared to the
Fungitell assay. Mercier et al. (2019) also compared the analytical
performance of the Wako BDG assay and Fungitell assay and reported
that the Wako BDG assay was more accurate compared with the Fun-
gitell assay after lowering the cut-off value of Wako BDG assay from
11 pg/mL to 6.2 pg/mL.

Together with these previously published results, our study is
meaningful as it establishes the utility of the Wako BDG assay in clini-
cal settings for the rapid diagnosis of patients at risk of IFD and evalu-
ates the equivalence of different BDG assays. In line with the adjusted
cut-off values suggested in previous studies, we identified that at a
reduced cut-off of 8.31 pg/mL, the Wako BDG assay showed
improved overall diagnostic performance. We also observed



Table 2
Clinical characteristics of the subjects.

Analyzed episodes with:

Characteristics Proven IFDa (n = 6) Probable IFDb (n = 90) Negative IFD (n = 176)

Mean age, years (range) 57 (2−80) 56 (1−85) 48 (1−92)
Sex (%)
Male 6 (100) 64 (71.1) 106 (60.2)
Female 0 (0.0) 26 (28.9) 70 (39.8)

Underlying disease, no. of episodes (%)
Hematologic malignancy 0 (0.0) 18 (20.0) 55 (31.3)
Solid tumor 1 (16.7) 25 (27.8) 25 (14.2)
Allogeneic stem cell transplant 0 (0.0) 2 (2.2) 8 (4.5)
Solid organ transplant 3 (50.0) 18 (20.0) 41 (23.3)
Prematurity 0 (0.0) 1 (1.1) 4 (2.3)
Miscellaneous 2 (33.3) 26 (28.9) 43 (24.4)

BC proven Candida species, no. of isolates (%)
Candida albicans 5 (83.3) - -
Candida krusei 1 (16.7) - -

Antigen assay, no. of episodes (%)
Aspergillus galactomannan - 27 (30.0) -
Candida - 47 (52.2) -

Sputum PCR, no. of episodes (%)
Pneumocystis jirovecii - 3 (3.3) -

Positive for 2 ≥microbiological evidence criteria (%)
Both antigen assays - 8 (8.9) -
P. jirovecii PCR and one antigen assay - 3 (3.3) -
P. jirovecii PCR and both antigen assays - 2 (2.2) -

BC = Blood culture; IFD = Invasive fungal disease; PCR = Polymerase chain reaction
a Positive blood culture or histological examination result is needed for a diagnosis of proven IFD.
b At least one host factor, microbiological, or clinical criterion need to be fulfilled for a diagnosis of probable IFD.

Table 3
Performances of the two evaluated assays.

Parameters Goldstream BDG assay Wako BDG assay P-valuea Wako BDG assay
(modified cut-off)

P-valueb

Applied cut-off value (pg/mL) ≥ 60 ≥ 11 ≥ 8.31
Median BDG for results above cut-off values

Median BDG (pg/mL) of positive IFD (IQR) 135.6 (88.6−248.7) 36.8 (21.5−63.6) 34.4 (18.3−62.5)
Median BDG (pg/mL) of negative IFD (IQR) 150.3 (89.3−221.3) 22.1 (17.0−35.1) 17.0 (10.9−25.0)

Diagnostic performance
Overall positive IFD

True positivesc 38 42 46
False negativesd 58 54 50
True negativese 147 167 163
False positivesf 29 9 13
Sensitivity, % (95% CI) 39.6 (30.4−49.6) 43.8 (34.3−53.7) 0.4142 47.9 (38.2−57.8) 0.0736
Specificity, % (95% CI) 83.5 (77.3−88.3) 94.9 (90.6−97.3) 0.0002 92.6 (87.8−95.6) 0.0017
Positive predictive value, % (95% CI) 56.7 (44.8−67.9) 82.4 (69.7−90.4) 78.0 (65.9−86.7)
Negative predictive value, % (95% CI) 71.7 (65.2−77.4) 75.6 (69.5−80.8) 76.5 (70.4−81.7)

Candidiasis
Sensitivity, % (95% CI) 38.7 (27.6−51.2) 46.8 (34.9−59.0) 0.1967 50.0 (37.9−62.1) 0.0522
Specificity, % (95% CI) 79.5 (73.6−84.4) 89.5 (84.6−93.0) 0.0006 86.7 (81.4−90.6) 0.0090
Positive predictive value, % (95% CI) 35.8 (27.0−45.7) 56.9 (45.0−68.0) 52.5 (42.0−62.9)
Negative predictive value, % (95% CI) 81.5 (78.1−84.4) 85.1 (81.8−87.8) 85.4 (82.0−88.3)

Aspergillosis
Sensitivity, % (95% CI) 47.5 (32.9−62.5) 47.5 (32.9−62.5) 1.0000 57.5 (42.2−71.5) 0.2059
Specificity, % (95% CI) 79.3 (73.6−84.0) 86.2 (81.2−90.1) 0.0094 84.5 (79.3−88.6) 0.0455
Positive predictive value, % (95% CI) 28.4 (20.8−37.4) 37.3 (27.3−48.4) 39.0 (30.0−48.8)
Negative predictive value, % (95% CI) 89.8 (86.6−92.2) 90.5 (87.6−92.8) 92.0 (88.9−94.3)

PCP
Sensitivity, % (95% CI) 12.5 (2.2−47.1) 12.5 (2.2−47.1) 1.0000 25.0 (7.1−59.1) 0.3173
Specificity, % (95% CI) 75 (69.4−79.8) 81.1 (75.9−85.3) 0.0237 78.4 (73.1−82.9) 0.1797
Positive predictive value, % (95% CI) 1.5 (0.2−8.8) 2.0 (0.3−11.3) 3.4 (1.0−10.6)
Negative predictive value, % (95% CI) 96.6 (95.6−97.4) 96.8 (95.9−97.6) 97.2 (95.8−98.1)

CI = confidence interval; IQR = interquartile range; IFD = invasive fungal disease; BDG = (1-3)-b-D-glucan; PCP = Pneumocystis jirovecii pneumonia.
a Goldstream vsWako (cut-off 11 pg/mL).
b Goldstream vsWako (cut-off 8.31 pg/mL).
c Positive IFD episodes with positive BDG result.
d Positive IFD episodes with negative BDG result.
e Negative IFD episodes with negative BDG result.
f Negative IFD episodes with positive BDG result.
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Fig. 2. . Passing-Bablok regression for all data points. Results obtained using the Wako
(1-3)-b-D-glucan (BDG) assay compared with those obtained using Goldstream BDG
assay were plotted with the Passing-Bablok regression and identity line.

Table 4
Agreement of interpretive BDG test result classifications.

Goldstream BDG assay (≥60 pg/mL) k

Negative Positive

Wako BDG assay
(≥11 pg/mL)

Negative 187 34 0.44
Positive 18 33

Wako BDG assay
(≥8.31 pg/mL)

Negative 186 27 0.52
Positive 19 40

BDG = (1-3)-b-D-glucan.
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discrepancy in the measured BDG levels between the two assays. This
was similar to the results of previous reports (Friedrich et al., 2018;
Mercier et al., 2019) comparing the Wako BDG assay and Fungitell
assay. This discrepancy could be attributed to methodical differences
including the BDG standard materials and clot detection methods
used in the assays.

Whereas the Fungitell assay was the only available commercial
BDG assay in Europe and the United States until recently, the Gold-
stream BDG assay is one of the most commonly used BDG assays in
clinical laboratories in East Asia (Son et al., 2017; Chang et al., 2020).
Son et al. (2017) measured the serum BDG of 50 patients with PCP,
15 with candidemia, six with chronic disseminated candidiasis, 15
with invasive aspergillosis, 10 with mucormycosis, and 40 controls.
They showed that the sensitivity and specificity of the Goldstream
BDG assay were 86% and 68%, respectively, when the cut-off value of
BDG was set as 60 pg/mL. Chang et al. (2020) reported that the sensi-
tivity and specificity of the Goldstream BDG assay were 50.0% and
84.2%, respectively, based on a cut-off value of 80 pg/mL. One
Fig. 3. Receiver operating characteristic analysis of (1-3)-b-D-glucan (BDG) for dis-
crimination between positive and negative invasive fungal disease. BDG levels mea-
sured by the Wako BDG assay are depicted. The cut-off with the highest Youden index
was ≥8.31 pg/mL.
hundred and fifty-five patients with hematologic malignancies were
included in the study population and eight of them were proven or
probable positive IFD cases.

To our knowledge, no comparative study between the Wako BDG
assay and Goldstream BDG assay has been conducted so far. In the
present study, we observed that the sensitivity, specificity, positive
predictive value, and negative predictive value of the Goldstream
BDG assay was 39.6%, 83.5%, 56.7%, and 71.7%, respectively. The sensi-
tivity of the Goldstream BDG assay in our study was lower than that
reported in other studies (Son et al., 2017; Chang et al., 2020) assess-
ing the analytical performance of the Goldstream BDG assay, whereas
its specificity was substantially higher (Table 5). The difference in the
BDG cut-off applied might have attributed to this discrepancy. The
BDG cut-off of 31.25 used by Son et al. (2017) could at least partially
explain the substantially higher sensitivity they reported. Moreover,
since positive cases included in the study by Chang et al. (2020) are
fewer than others, the 95% confidence interval (CI) of sensitivity was
determined to be quite wide. Although Chang et al. (2020) reported a
somewhat higher sensitivity than us, the CI included 39.6%, the sensi-
tivity reported in the present study. We hope future studies will
draw more solid analytical performance values frommore data.

Using the manufacturer-suggested cut-off values, the Wako BDG
assay showed superior sensitivity and specificity compared with the
Goldstream BDG assay. The analytical performances of the Wako
BDG assay demonstrated in the present study are similar to those
described previously (Friedrich et al., 2018); however, our study is a
prospective study that conducted simultaneous measurements using
the Wako BDG assay and the routinely used Goldstream BDG assay,
with fresh serum samples from patients.

In concordance with previous studies, we obtained the highest
Youden index and sensitivity of 47.9% when we applied a decreased
cut-off of 8.31 pg/mL in our study. However, this is markedly lower
than that described in other studies that assessed sensitivity by
applying an optimal cut-off after performing an ROC analysis
(Friedrich et al., 2018; Dichtl et al., 2019; Mercier et al., 2019).
Mercier et al. (2019) reported a sensitivity of 84% (95% CI 77%−91%)
when a cut-off of 6.222 pg/mL was applied to distinguish PCP cases
and Friedrich et al. (2018) reported a sensitivity of 72.5% (95% CI
63.6%−80.3%) when a cut-off of 3.8 pg/mL was applied to distinguish
candidemia cases. One possible reason for this discrepancy is the
difference in the inclusion criteria for the IFD patient group. Unlike
previous research, our study included probable IFD cases without
blood culture-proven fungemia, along with all culture-proven or
microscopically proven IFD cases. Therefore, the present study may
better reflect the assay sensitivity in actual clinical settings, where
cases with equivocal, indeterminate amounts of fungal biomass are
common.

When reducing the cut-off to 8.31 pg/mL, the Youden index for
the Wako BDG assay as well as the concordance of interpretive
results using this assay with those using the Goldstream BDG assay
were increased. The agreement, represented as Cohen’s kappa,
increased from 0.44 to 0.52. The cut-off value could be set by each
laboratory based on the characteristics of patients referred to the
hospital, the major purpose of routine BDG orders (surveillance vs
diagnostic), and the availability of other mycological methods.



Table 5
Comparison of studies evaluating the performance of the Goldstream BDG assay.

Studies IFD cases (n) / Study population (n) Target disease(s) BDG cut-off (pg /mL) Sensitivity (%) Specificity (%)

Son et al. 50 / 186 PCP BDG > 31.25 92 (81−98) 55 (39−71)
Chang et al. 8 / 141 Invasive aspergillosis, candidiasis, trichosporosis BDG > 80 50.0 (15.7−84.3) 84.2 (76.9−90.0)
The present study 96 / 272 Invasive aspergillosis, candidiasis, PCP BDG > 60 39.6 (30.4−49.6) 83.5 (77.3−88.3)

IFD = invasive fungal disease; BDG = (1-3)-b-D-glucan; PCP = Pneumocystis jirovecii pneumonia.
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Additionally, in each laboratory, validation for the appropriateness
of the cut-off value, indicated by the reagent instructions, is recom-
mended.

Our study has two main strengths compared with other related
studies in the field. First, this is the only report describing a head-to-
head comparison between the Wako BDG assay and Goldstream BDG
assay. Secondly, this is the first prospective study conducted with
fresh serum among studies addressing the analytical performance of
the Wako BDG assay.

The limitations of this study are as follows. First, our study
included only blood culture or PCP PCR-positive results in § 3 days
from the BDG test. As previous studies included results obtained up
to 6 days from the BDG test, differences in study design must be con-
sidered when comparing with previous studies. Secondly, the preva-
lence of IFD in our study is up to 33.0% higher than that in previous
studies (Yoshida et al., 2011; Morjaria et al., 2019). When comparing
the predictive value of the assay with that reported in other studies,
the differences in prevalence need to be considered. Thirdly, the pro-
portion of cases with positive blood culture was lower than that in
other studies (Friedrich et al., 2018; Li et al., 2019). However, fungal
infection can become fatal even without a sizable amount of fungal
expansion in blood, especially in immunocompromised patients.
Thus, indirect mycological tests, including the BDG assay, are of par-
ticularly high value in cases that are not readily detectable by blood
cultures (Tissot et al., 2013).

Future clinical studies conducted in a more calculated and deliber-
ate manner are thus required to yield more accurate and precise data
regarding BDG assays. Applying a set of combined antigen assays
that cover a wide variety of clinically relevant fungi such as blood
cultures, PCR, and BDG assay to every subject included in the study
will further assist in assessing the exact diagnostic parameters of the
BDG assay.

5. Conclusion

Overall, our study establishes that the Wako BDG assay can be
applied in clinical settings for the rapid diagnosis of patients at risk of
IFDs, compared to the Goldstream BDG assay; however, the choice of
the assay to be used should be based on the specific settings of each
laboratory. Additionally, determination or validation of the optimal
cut-off value for each laboratory is recommended. The BDG assay can
provide valuable mycological evidence for diagnosing IFDs, similar to
the specific antigen assays for Aspergillus galactomannan and Candida
sp. Furthermore, the BDG assay can be used for the rapid detection of
infections caused by a wide variety of fungi. However, the results of
BDG assays should be considered in combination with other diagnostic
methods to obtain their full benefit, because of their limited sensitivity.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Author contributions

Conception and design of study: Younhee Park; Data acquisition:
Jungyong Park; Data analysis and interpretation: Jungyong Park,
Younhee Park; Drafting of manuscript: Junhyup Song; Review and
final approval of manuscript: Sinyoung Kim, Younhee Park, Hyon-suk
Kim

Declaration of conflict of interests

The authors report no conflicts of interest relevant to this article.

References

Alexander BD, Smith PB, Davis RD, Perfect JR, Reller LB. The (1, 3) b-D-glucan test as an
aid to early diagnosis of invasive fungal infections following lung transplantation. J
Clin Microbiol 2010;48:4083–8. doi: 10.1128/JCM.01183-10.

Brown GD, Denning DW, Gow NA, Levitz SM, Netea MG, White TC. Hidden killers:
human fungal infections. Sci Transl Med 2012;4:. doi: 10.1126/sci-
translmed.3004404 165rv13-rv13.

Chang E, Kim TS, Kang CK, Jun KI, Shin D, Koh Y, et al. Limited positive predictive value
of b-D-glucan in hematologic patients receiving antimold prophylaxis. Open
Forum Infect Dis Oxford University Press US 2020ofaa048. doi: 10.1093/ofid/
ofaa048.

Clancy CJ, Nguyen MH. Non-culture diagnostics for invasive candidiasis: promise and
unintended consequences. J Fungi 2018;4:27. doi: 10.3390/jof4010027.

De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE, Calandra T, et al. 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) consensus group. Clin Infect Dis 2008;46:1813–21. doi: 10.1086/588660.

Dichtl K, Seybold U, Wagener J. Serological biomarkers of candidemia: a retrospective
evaluation of three assays. Infection 2019;47:217–24. doi: 10.1007/s15010-018-
1224-3.

Donnelly JP, Chen SC, Kauffman CA, Steinbach WJ, Baddley JW, Verweij PE, et al. Revi-
sion 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 2019. doi:
10.1093/cid/ciz1008.

Friedrich R, Rappold E, Bogdan C, Held J. Comparative analysis of the Wako b-glucan
test and the Fungitell assay for diagnosis of candidemia and Pneumocystis jirovecii
pneumonia. J Clin Microbiol 2018;56:. doi: 10.1128/JCM.00464-18 e00464−18.

Held J, Koch M, Reischl U, Danner T, Serr A. Serum (1! 3)-b-D-glucan measurement as
an early indicator of Pneumocystis jirovecii pneumonia and evaluation of its prog-
nostic value. Clin Microbiol Infect 2011;17:595–602. doi: 10.1111/j.1469-
0691.2010.03318.x.

Horiguchi Y. The performance of (1, 3)-beta-D-glucan and Aspergillus galactomannan
measurement for early diagnosis of invasive aspergillosis in patients with hemato-
logical diseases. J Jpn Assoc Infect Dis 2004;78:566–73. doi: 10.11150/kansensho-
gakuzasshi1970.78.566.

Hossain MA, Miyazaki T, Mitsutake K, Kakeya H, Yamamoto Y, Yanagihara K, et al. Com-
parison between Wako-WB003 and Fungitec G tests for detection of (1! 3)-b-D-
glucan in systemic mycosis. J Clin Lab Anal 1997;11:73–7 10.1002/(sici)1098-2825
(1997)11:2<73::aid-jcla1>3.0.co;2-l.

Inoue SB, Qadota H, Arisawa M, Anraku Y, Watanabe T, Ohya Y. Signaling toward yeast
1, 3-b-glucan synthesis. Cell Struct Funct 1996;21:395–402. doi: 10.1247/
csf.21.395.

Karageorgopoulos D, Qu J-M, Korbila I, Zhu Y-G, Vasileiou V, Falagas M. Accuracy of
b-D-glucan for the diagnosis of Pneumocystis jirovecii pneumonia: a meta-analy-
sis. Clin Microbiol Infect 2013;19:39–49. doi: 10.1111/j.1469-0691.2011.03760.x.

Karageorgopoulos DE, Vouloumanou EK, Ntziora F, Michalopoulos A, Rafailidis PI. Fala-
gas ME. b-D-glucan assay for the diagnosis of invasive fungal infections: a meta-
analysis. Clin Infect Dis 2011;52:750–70. doi: 10.1093/cid/ciq206.

Landis JR, Koch GG. The measurement of observer agreement for categorical data. Bio-
metrics 1977;33:159–74. doi: 10.2307/2529310.

Li F, Yu X, Ye L, Zhou G, Wang L, Luo Y. Clinical value of (1, 3)-b-D-glucan, mannan,
antimannan IgG and IgM antibodies in diagnosis of invasive candidiasis. Med
Mycol 2019;57:976–86. doi: 10.1093/mmy/myy158.

Li W-J, Guo Y-L, Liu T-J, Wang K, Kong J-L. Diagnosis of pneumocystis pneumonia using
serum (1-3)-b-d-glucan: A bivariate meta-analysis and systematic review. J Thorac
Dis 2015;7:2214. doi: 10.3978/j.issn.2072-1439.2015.12.27.

Mercier T, Guldentops E, Patteet S, Beuselinck K, Lagrou K, Maertens J. Beta-D-glucan
for diagnosing pneumocystis pneumonia: a direct comparison between the Wako
b-glucan assay and the Fungitell assay. J Clin Microbiol 2019;57:. doi: 10.1128/
JCM.00322-19 e00322−19.

http://dx.doi.org/10.1128/JCM.01183-10
http://dx.doi.org/10.1126/scitranslmed.3004404
http://dx.doi.org/10.1126/scitranslmed.3004404
http://dx.doi.org/10.1093/ofid/ofaa048
http://dx.doi.org/10.1093/ofid/ofaa048
http://dx.doi.org/10.3390/jof4010027
http://dx.doi.org/10.1086/588660
http://dx.doi.org/10.1007/s15010-018-1224-3
http://dx.doi.org/10.1007/s15010-018-1224-3
http://dx.doi.org/10.1093/cid/ciz1008
http://dx.doi.org/10.1128/JCM.00464-18
http://dx.doi.org/10.1111/j.1469-0691.2010.03318.x
http://dx.doi.org/10.1111/j.1469-0691.2010.03318.x
http://dx.doi.org/10.11150/kansenshogakuzasshi1970.78.566
http://dx.doi.org/10.11150/kansenshogakuzasshi1970.78.566
http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0011
http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0011
http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0011
http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0011
http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0011
http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0011
http://dx.doi.org/10.1247/csf.21.395
http://dx.doi.org/10.1247/csf.21.395
http://dx.doi.org/10.1111/j.1469-0691.2011.03760.x
http://dx.doi.org/10.1093/cid/ciq206
http://dx.doi.org/10.2307/2529310
http://dx.doi.org/10.1093/mmy/myy158
http://dx.doi.org/10.3978/j.issn.2072-1439.2015.12.27
http://dx.doi.org/10.1128/JCM.00322-19
http://dx.doi.org/10.1128/JCM.00322-19


J. Song et al. / Diagnostic Microbiology and Infectious Disease 101 (2021) 115415 7
Mori T, Ikemoto H, Matsumura M, Yoshida M, Inada K, Endo S, et al. Evaluation of
Plasma (1->3)- -D-Glucan measurement by the kinetic turbidimetric limulus test,
for the clinical diagnosis of mycotic infections. Eur J Clin Chem Clin Biochem
1997;35:553–60.

Morjaria S, Frame J, Franco-Garcia A, Geyer A, Kamboj M, Babady NE. Clinical perfor-
mance of (1,3) Beta-D glucan for the diagnosis of pneumocystis pneumonia (PCP)
in cancer patients tested with PCP polymerase chain reaction. Clin Infect Dis
2019;69:1303–9. doi: 10.1093/cid/ciy1072.

Moro H, Tsukada H, Ohara T, Susa R, Tanabe Y, Suzuki E, et al. Comparison of four diag-
nostic methods using clinical blood by measuring (1−>3)-beta-D-glucan. J Jpn Assoc
Infect Dis 2003;77:227–34. doi: 10.11150/kansenshogakuzasshi1970.77.227.

Obayashi T, Yoshida M, Mori T, Goto H, Yasuoka A, Iwasaki H, et al. Plasma (1−>3)-
beta-D-glucan measurement in diagnosis of invasive deep mycosis and fungal
febrile episodes. Lancet 1995;345:17–20. doi: 10.1016/s0140-6736(95)91152-9.

Odabasi Z, Mattiuzzi G, Estey E, Kantarjian H, Saeki F, Ridge RJ, et al. b-D-glucan as a
diagnostic adjunct for invasive fungal infections: validation, cutoff development,
and performance in patients with acute myelogenous leukemia and myelodysplas-
tic syndrome. Clin Infect Dis 2004;39:199–205. doi: 10.1086/421944.

Ohno N, Emori Y, Yadomae T, Saito K, Masuda A, Oikawa S. Reactivity of Limulus amoe-
bocyte lysate towards (1—-3)-beta-D-glucans. Carbohydr Res 1990;207:311–8.
doi: 10.1016/0008-6215(90)84058-3.

Ostrosky-Zeichner L, BD Alexander, Kett DH, Vazquez J, Pappas PG, Saeki F, et al. Multi-
center clinical evaluation of the (1! 3) b-D-glucan assay as an aid to diagnosis of
fungal infections in humans. Clin Infect Dis 2005;41:654–9. doi: 10.1086/432470.

Pazos C, Moragues M-D, Quind�os G, Pont�on J, del Palacio A. Diagnostic potential of (1,
3)-b-D-glucan and anti-Candida albicans germ tube antibodies for the diagnosis
and therapeutic monitoring of invasive candidiasis in neutropenic adult patients.
Rev Iberoam Micol 2006;23:209–15. doi: 10.1016/s1130-1406(06)70046-8.

Pazos C, Pont�on J, Del Palacio A. Contribution of (1! 3)-b-d-glucan chromogenic assay
to diagnosis and therapeutic monitoring of invasive aspergillosis in neutropenic
adult patients: a comparison with serial screening for circulating galactomannan. J
Clin Microbiol 2005;43:299–305. doi: 10.1128/JCM.43.1.299-305.2005.
Pickering JW, Sant HW, Bowles CA, Roberts WL, Woods GL. Evaluation of a (1! 3)-
b-D-glucan assay for diagnosis of invasive fungal infections. J Clin Microbiol
2005;43:5957–62. doi: 10.1128/JCM.43.12.5957-5962.2005.

Presterl E, Parschalk B, Bauer E, Lassnigg A, Hajdu S, Graninger W. Invasive fungal infec-
tions and (1, 3)-b-D-glucan serum concentrations in long-term intensive care
patients. Int J Infect Dis 2009;13:707–12 10.1016/j.ijid.2008.10.013.

Schmiedel Y, Zimmerli S. Common invasive fungal diseases: an overview of invasive
candidiasis, aspergillosis, cryptococcosis, and Pneumocystis pneumonia. Swiss
MedWkly 2016;146:w14281. doi: 10.4414/smw.2016.14281.

Senn L, Robinson JO, Schmidt S, Knaup M, Asahi N, Satomura S, et al. 1, 3-b-D-glucan
antigenemia for early diagnosis of invasive fungal infections in neutropenic
patients with acute leukemia. Clin Infect Dis 2008;46:878–85. doi: 10.1086/
527382.

Son H-J, Sung H, Park SY, Kim T, Lee HJ, Kim S-M, et al. Diagnostic performance of
the (1−3)-b-D-glucan assay in patients with Pneumocystis jirovecii compared
with those with candidiasis, aspergillosis, mucormycosis, and tuberculosis,
and healthy volunteers. PLoS One 2017;12:. doi: 10.1371/journal.pone.
0188860.

Tissot F, Lamoth F, Hauser PM, Orasch C, Fl€uckiger U, Siegemund M, et al. b-Glucan
antigenemia anticipates diagnosis of blood culture−negative intraabdominal can-
didiasis. Am J Respir Crit Care Med 2013;188:1100–9. doi: 10.1164/rccm.201211-
2069OC.

Wright WF, Overman SB, Ribes JA. (1−3)-b-D-glucan assay: a review of its laboratory
and clinical application. Lab Med 2011;42:679–85. doi: 10.1309/LM8BW8Q
NV7NZBROG.

Yoshida K, Niki Y, Ohno M, Watanabe S, Hashiguchi K, Nakajima M, et al. Clinical signif-
icance of (1−>3)-beta-D-glucan in pleural effusion and liquor. J Jpn Assoc Infect Dis
1997;71:1210–5. doi: 10.11150/kansenshogakuzasshi1970.71.1210.

Yoshida K, Shoji H, Takuma T, Niki Y. Clinical viability of Fungitell, a new (1! 3)-b-d-
glucan measurement kit, for diagnosis of invasive fungal infection, and comparison
with other kits available in Japan. J Infect Chemother 2011;17:473–7. doi: 10.1007/
s10156-010-0198-6.

http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0019
http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0019
http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0019
http://refhub.elsevier.com/S0732-8893(21)00108-5/sbref0019
http://dx.doi.org/10.1093/cid/ciy1072
http://dx.doi.org/10.11150/kansenshogakuzasshi1970.77.227
http://dx.doi.org/10.1016/s0140-6736(95)91152-9
http://dx.doi.org/10.1086/421944
http://dx.doi.org/10.1016/0008-6215(90)84058-3
http://dx.doi.org/10.1086/432470
http://dx.doi.org/10.1016/s1130-1406(06)70046-8
http://dx.doi.org/10.1128/JCM.43.1.299-305.2005
http://dx.doi.org/10.1128/JCM.43.12.5957-5962.2005
http://10.1016/j.ijid.2008.10.013
http://dx.doi.org/10.4414/smw.2016.14281
http://dx.doi.org/10.1086/527382
http://dx.doi.org/10.1086/527382
http://dx.doi.org/10.1371/journal.pone.<?A3B2 re 3j?>0188860
http://dx.doi.org/10.1371/journal.pone.<?A3B2 re 3j?>0188860
http://dx.doi.org/10.1164/rccm.201211-2069OC
http://dx.doi.org/10.1164/rccm.201211-2069OC
http://dx.doi.org/10.1309/LM8BW8Q<?A3B2 re 3j?>NV7NZBROG
http://dx.doi.org/10.1309/LM8BW8Q<?A3B2 re 3j?>NV7NZBROG
http://dx.doi.org/10.11150/kansenshogakuzasshi1970.71.1210
http://dx.doi.org/10.1007/s10156-010-0198-6
http://dx.doi.org/10.1007/s10156-010-0198-6

	Comparison of two β-D-glucan assays for detecting invasive fungal diseases in immunocompromised patients
	1. Introduction
	2. Materials and methods
	2.1. Analytical performances
	2.1.1. Precision
	2.1.2. Linearity
	2.1.3. Reference interval
	2.1.3. Limit of quantitation (LOQ)
	2.1.4. Comparison of the methods

	2.2. Specimen collection and BDG measurement
	2.3. Clinical data
	2.4. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Funding
	Author contributions
	Declaration of conflict of interests
	References


