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Abstract Background Invasive fungal infections (IFI) are associated with high mortality. Serum
fungal biomarkers offer an advantage over the traditional methods in early diagnosis
and better clinical outcomes. The aim of the study was to evaluate the role of (1–3)-β-D-
glucan (BDG) assay in the patients suspected of IFI.
Materials and Methods This prospective study was conducted in the Department of
Microbiology, Dayanand Medical College and Hospital, Ludhiana, over a period of
1 year. A total of 862 serum samples were received from patients suspected of IFI, for
the BDG test (Fungitell, Associates of Cape Cod Inc., USA). The test was performed as
per kit protocol. Appropriate samples were processed for KOH fungal smear and fungal
culture. Blood culture was done by Bactec (Biomerieux).
Statistical Analysis Results were analyzed using descriptive statistical methods.
Sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predic-
tive value (NPV) were calculated at different cutoffs. In addition, the receiver operating
characteristic (ROC) curve using SPSS 21.00 software was calculated and the diagnostic
accuracy was shown by the area under the ROC curve (AUC).
Results Among 862 patients, 546 (63.3%) were males. The predominant age group
(25.6%)wasbetween61and70years. Themost common risk factor (54.8%)wasprolonged
intensive care unit stay. Out of the total samples, 455 (52.8%) samples were found positive
for BDG. Fungal elements were seen in 48 (10.5%) KOH smears and fungal growth was
obtained in 81 (17.8%) cultures. Comparison of BDG assay and culture at different cutoffs
yielded AUC—0.823. Sensitivity (100%), specificity (51.3%), accuracy (55.6%), PPV (15.8%),
and NPV (100%) were observed at the kit cutoff of 80 pg/mL. Optimum sensitivity and
specificity of 79.2% and 70.3%, respectively, were observed at a cutoff of 142.4pg/mL. A
significant correlation was observed between BDG positivity and piperacillin–tazobactam
use and dialysis. Among BDG positive patients, 38(8.4%) succumbed to death.
Conclusion Detection of BDG helps in the early diagnosis of IFI in critically ill patients.
As the assay has a high NPV, a negative test can be used to stop the empirical antifungal
drugs. The use of a higher cutoff can be useful to avoid false-positive results.
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Introduction

Invasive fungal infections (IFI) are increasing worldwide and
are associated with high mortality, particularly in the im-
munocompromised population. Various risk factors are as-
sociated with IFI, including neutropenia, prolonged hospital
stay, human immunodeficiency virus (HIV) infection, hema-
tological malignancies, bone marrow transplantation, solid
organ transplantation, chemotherapy, and the use of immu-
nosuppressive agents.1 The predominant fungi responsible
for IFI are Candida species (spp.) and Aspergillus spp., followed
by Crypococcus spp., Mucormycetes spp., Fusarium spp., Sce-
dosporium spp., etc.2 Invasive candidiasis (40–50%) and
invasive Aspergillosis (30–70%) in intensive care units
(ICUs) is associatedwith highmortality if not treated timely.3

Diagnosis of IFI is still a challenge. Currently, it is based on
radiological examination, histopathological examination
and fungal culture. Radiological findings are nonspecific;
fungal culture usually takes 2 to 7 days to obtain results,
while a histological examination is difficult to achieve in
most cases as it is an invasive procedure.4 Therefore, a simple
and convenient method is needed for rapid diagnosis and
better management of these deadly IFI.

Presence of various fungal antigens or metabolites in blood
correlates with IFI. Various nonculture techniques have been
described to detect these biomarkers. However, these tests are
routinely not performed in most clinical laboratories as they
require specializedequipmentand thecostof the tests ishigh.5

The tests detecting (1–3)-β-D-glucan (BDG) and galacto-
mannan (GM) have been included in the revised criteria for
diagnosis of IFI by the EuropeanOrganization for Research and
Treatment of Cancer/Mycoses Study Group.6

BDG is a component of the cell wall of many pathogenic
fungi except Cryptococcus neoformans andMucormycetes. Its
presence in the bloodstream correlates with IFI caused by
Candida spp., Aspergillus species, Pneumocystis jirovecii, di-
morphic fungus such as Histoplasma capsulatum, Cocci-
dioides immitis, Sporothrix schenckii, Fusarium spp.,
Trichosporon species, Acremonium species, and Saccharomy-
ces cerevisiae. The yeast phase of Blastomyces dermatitidis
produces very little BDG, which is not detectable by the
assay. The kinetic assay is based upon a modification of the
limulus amebocyte lysate pathway detects BDG by colori-
metric or turbidometric method.2,7,8 Currently, two kits,
including the Fungitell Assay (Associates of Cape Cod, Inc,
Falmouth, Massachusetts, United States) and Wako β glucan
test (Fujifilm Wako Pure Chemical crop. Tokyo, Japan), are
commercially available for BDG testing.2

High sensitivity and specificity of BDG assay reported by
various studies and its prognostic use have also been evalu-
ated by a few.2 Though some confounding factors responsible
for false positivity have been observed including broad-
spectrum antibiotics, dialysis and use of immunoglobu-
lins.9,10 Most of the studies done on the role of BDG assay
for the diagnosis of IFI are from western countries. Very few
studies have been reported from India.6 Therefore, this study
was planned to evaluate BDG assay in adult patients with
high risk of IFI.

Materials and Methods

It was a prospective study conducted over a period of 1 year
from January 2019 to December 2019 in the Department of
Microbiology, Dayanand Medical College and Hospital,
Ludhiana. The study was approved by the ethical committee
of the hospital. Admitted patients over 18 years of age,
suspected of IFI whose requisitions for BDG test were re-
ceived in the Department of Microbiology, were included in
the study. Demographic and clinical details of the patients
were recorded. Appropriate clinical samples were processed
and subjected to microscopy (KOH wet mount), fungal
culture on Sabouraud dextrose agar (SDA), automated blood
culture (BacT/ALERT, Biomerieux), and BDG assay.

Fungal Culture
The samples such as sputum, endotracheal secretions (ET
secretions) and various fluids such as bronchoalveolar lavage
fluid (BAL), asciticfluid, pleuralfluid, drainfluid, bilefluid, and
biopsy tissuewere inoculatedon two sets (with cycloheximide
andwithout cycloheximide) of the SDA tubes. One set of tubes
was incubated at 25°C and theother set was incubated at 37°C.
The inoculated media were kept for a minimum period of
3 weeks. Tubes were examined daily during first week and on
alternate days in the second and third week. The growth
obtained was identified on the basis of colony morphology
and microscopic examination of lactophenol cotton blue
preparation, germ tube test, and biochemical reactions.

Blood Culture
Five to ten milliliters of blood were inoculated into blood
culture bottles. The bottles were incubated in an automated
system (BacT/ALERT, Biomerieux) system and monitored for
positivity. Bottles that did not show growth for 5 days were
discarded. The positive bottles were subcultured on blood
agar andMcConkey agar, and the yeast-like growth obtained
after 24 to 48 hours of incubation was further identified by
the vitek2 system.

(1–3)-β-D Glucan (BDG) Assay (Fungitell)
Serumwas separated and BDG test was done using U.S. Food
and Drug Administration approved Fungitell kit (Associates
of Cape Cod). The test procedure was done as per the kit
protocol. The Fungitell test results were interpreted as
negative-BDG values of less than 60 pg/mL, indeterminate
valued of 60 to 79 pg/mL, and positive values of greater than
or equal to 80 pg/mL.

Sensitivity specificity, positive predictive value (PPV),
negative predictive values (NPV), and area under the receiver
operating characteristic (ROC) curve were calculated by
comparing BDG assay with culture.

Results

A total of 899 blood samples from862 patients admittedwith
suspicion for IFI were received for BDG testing and two BDG
test requisitions were received from37 patients. Among
these patients, males (546; 63.3%) were more as compared
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with females (316; 6.7%). The predominant age group (25.6%)
was 61 to 70 years. Out of the total cases, 613 (71.1%) were
admitted in ICUs, and 249 (28.9%) were in wards. Among all
enrolled patients, 420 (49%) had immunocompromised sta-
tus. The most common risk factor for IFI was prolonged
(> 7 days) ICU stay (472; 54.8%) followed by steroid use
(310; 36%), neutropenia (153; 17.7%), malignancy (33; 3.8%),
organ transplant (12; 1.4%), and HIV (4; 0.5%) (►Table 1).

Out of 862 patients tested for BDG levels, blood for culture
was received from 853 patients. Other samples received for
fungal culture were sputum (439), ET secretions (346), BAL
(1), ascitic fluid (33), pleural fluid (16), drain fluid (5), bile
fluid (2), and biopsy (12).

Out of 862 samples received for BDG testing, 455 (52.8%)
samples were found positive, 92 (10.7%) were indeterminate,
and 315 (36.5%) were found negative. The first positive
sample was included if repeat test received from the same
patient. Among positive samples, 273 (60%) were from male
patients, and most of these were admitted to ICU (71.9%)
(►Fig. 1). Fungal elements were seen in 48 (10.5%) KOH
smears, and fungal growth was obtained from 81 (17.8%)

samples, including 38 (8.4%) blood cultures and 43 (9.5%)
other samples (►Table 2). Candida spp. isolated from the
sputum and ET samples were considered as colonizers. A
total of 56 (69%) Candida spp. and 25 (31%) Aspergillus spp.
(20 Aspergillus flavus and 5 Aspergillus fumigatus) were
isolated (►Table 3). Among Candida spp., 9 (16%) were
Candida albicans, and 47(84%) nonalbicans. Candida spp.
included C. tropicalis (35; 62.5%), C. parapsilosis (7; 12.5%),
C. stellatoidea (3; 5.4%), C. lusitaniae (1; 1.8%), and C. glabrata
(1; 1.8%). Among BDG negative and indeterminate patients,
no significant fungal growthwas obtained in culture. Though
the growth of Candida spp. obtained from30 sputum samples
(21 BDG negativeþ9 BDG indeterminate) and 12 ET aspi-
rates (6 BDG negativeþ6 BDG indeterminate) were consid-
ered as colonizers.

The ROC curve using SPSS 21.00 software was calculated
by plotting true positive results (sensitivity) versus false
positive (1—specificity) at various cutoff points. The diag-
nostic accuracy given by the area under the ROC curve (AUC)
was 0.823. The ROC revealed the BDG assay sensitivity
(100%), specificity (51.3%), accuracy (55.6%), PPV (15.8%),
and NPV (100%) at the kit cutoff of greater than or equal to
80 pg/mL. The specificity increases as we increase the cutoff

Table 1 Distribution of various risk factors among the patients
suspected for IFI (n¼ 862)

Risk factors BDG positive
(n¼ 455)

BDG negative
(n¼ 407)

p-Value

Steroid use 159 (34.9% 151 (37.1%) 0.805

Malignancy 16 (3.5%) 17 (4.2%) 0.876

HIV 3 (0.65%) 1 (0.25%) 0.622

Organ
transplant

6 (1.32%) 6 (1.5%) 0.920

Neutropenia 96 (21.1%) 57 (14%) 0.064

ICU stay
>7 days

243 (53.4%) 229 (56.2%) 0.226

Abbreviations: BDG, (1–3)-β-D-glucan; ICU, intensive care unit; IFI,
invasive fungal infections.

Fig. 1 Area wise distribution of (1–3)-β-D-glucan assay positivity
(n¼ 862). ICU, intensive care unit.

Table 2 Comparative evaluation of (1–3)-β-D-glucan, blood
culture, and fungal culture (n¼455)

Cutoff
(pg/mL)

(1–3)-β-D-glucan
assay (%)

Blood
culture (%)

Fungal
culture (%)

80–100 69 (15) 3 (4.3) 2 (2.9)

100–200 179 (39.3) 9 (5.0) 15 (8.4)

200–300 68 (14.9) 8 (11.7) 7 (10.2)

300–400 35 (7.7) 3 (8.5) 5 (14.2)

400–500 21 (4.6) 3 (14.2) 3 (14.2)

> 500 83 (18.2) 12 (14.5) 11 (13.2)

Total 455 (100) 38 (8.4) 43 (9.5)

Table 3 Distribution of fungal isolates in BDG-positive patients
(n¼455)

Samples Candida
species

Aspergillus
species

Sputum (n¼ 220) 76 (34.5%)a 11 (5%)

Endotracheal
secretions (n¼206)

72 (34.9%)a 14 (6.8%)

Ascitic fluid (n¼ 12) 5 (41.7%) –

Drain fluid (n¼2) 2 (100%) –

Biopsy (n¼9) 9 (100%) –

Bile fluid (n¼ 1) – –

Pleural fluid (n¼ 5) 2 (40%) –

Total (n¼455) 166 25

Abbreviation: BDG, (1–3)-β-D-glucan.
aColonizers.
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that parallels with decrease in sensitivity (►Table 4). Opti-
mum sensitivity and specificity of 79.2% and 70.3%, respec-
tively, were observed at a cutoff of 142.4pg/mL (►Fig. 2).

Among 455 positive patients, 205 (45.1%) were on piper-
acillin–tazobactam (PTZ). A significant correlation was ob-
served between BDG positivity and PT use (p-value<0.05).
Patients on dialysis (17.1%) also showed a significant corre-
lationwith the BDG positivity. No significant correlationwas
observed with the use of amoxicillin–clavulanic acid 178
(39.1%).

A repeat sample for the BDG test was received from 37
positive patients. Out of these, 24 patients were found
positive, 10 patients were found negative, and 3 showed
indeterminate results on a repeat test. Among 37 patients, 17
patients were on antifungal treatment. Out of these, 15
patients showed a decrease in BDG levels and 2 patients
did not show response to therapy. Out of the 15 patients who
has shown decreased BDG levels, 13 patients were dis-

charged. Out of 455 positive patients, 359 (78.9%) patients
were discharged, and 38 (8.4%) succumbed to death.

Discussion

Currently, particular emphasis is placed on the detection of
fungal biomarkers to improve the diagnosis of IFI. In the
present study of 862 consecutive cases of suspected IFI, the
mean age of the patients was 56.16�16.71 (range: 19–101
years). Similar observations were made by other studies.11

However, Singh et al reported median age of 33 years.6 We
have observed the male predominance (63.3%) among sus-
pected IFI patients that is in consistent with other studies.6,12

This may be explained by the fact that males are maximally
exposed to fungal spores, particularlyworkingwith decaying
vegetation like moldy hay in agriculture.

Studies have shown that a longer median duration
(> 7 days) of stay in ICU is associated with IFI.12 A significant
association was not observed with prolonged ICU stay in our
study, though it was the most common risk factor as our
institute is a tertiary care center in Punjab and critically ill
patients from all other hospitals are referred here. A study
from PGI Chandigarh reported prolonged antibiotic intake
(60%) as the most common risk factor for IFI followed by ICU
stay (42.8%).6 However, Herbrecht et al have reported hema-
tological malignancies (63.2%) as the most common risk
factor.13

BDG assay helps to detect IFI at an early stage before being
detected by other methods and guide for the empirical
antifungal treatment. There are very few studies available
on BDG assay from India. The reasonmight be thehigh cost of
the test. In the present study, BDG assay positivity was
observed as 52.8%. The results were consistent with the
study by Singh et al, and they have reported 57.1% positivity
of BDG assay among the total samples.6However, Bansal et al
have reported 90% positivity among confirmed candidemia
cases from ICU settings.14

Though fungal culture is a gold standard test, it reported a
low positivity rate of 50% with best culture techniques in
suspected IFI cases.15 In the present study, the fungal smear
was positive in 48 (10.5%) of the samples, while fungal
culture positivity was observed in 81 (17.8%) of the BDG

Table 4 Sensitivity, specificity, and predictive values of (1–3)-β-D-glucan assay at different cutoff points (n¼455)

(1–3)-β-D-glucan
assay
cutoffs

Sensitivity Specificity Positive predictive
value

Negative predictive
value

Accuracy

> 80 100.00% 51.52% 15.82% 100.00% 55.57%

> 100 93.06% 59.62% 17.36% 98.95% 62.41%

> 200 62.50% 79.49% 21.74% 95.88% 78.07%

> 300 47.22% 86.71% 24.46% 94.74% 83.41%

> 400 38.89% 90.38% 26.92% 94.20% 86.08%

> 500 30.56% 92.28% 26.51% 93.58% 87.12%

Abbreviation: BDG, (1–3)-β-D-glucan.

Fig. 2 Receiver operating characteristic (ROC) curve.
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positive samples. A significant correlation was observed
between BDG positive samples and fungal culture positivity
with p-values less than 0.05. In the study conducted by
Cordonnier et al, septate hyphae were seen in 6.6% fungal
smears and growth was obtained in 71.4% of the fungal
cultures.16 Another study on invasive aspergillosis showed
21.9% fungal smear positivity, and 19.4% samples showed
fungal growth in culture.17 Similarly, a study on invasive
candidiasis reported 19% blood culture positivity.18

Studies on IFI have reported BDGpositive results in almost
all the candidemia patients.19 In our study, the ROC curve
was analyzed at various cutoff points. The diagnostic accu-
racy given by the AUCwas 0.823,which showed sensitivity of
100% and specificity of 51.5%, PPV of 15.82%, NPV of 100%,
and accuracy of 55.6% at kit cutoff of greater than 80 pg/mL.
When cutoff was increased from 80 pg/mL, specificity im-
proved. Optimum sensitivity and specificity of 79.2 and
70.3%, respectively, were observed at a cutoff of 142.4
pg/mL. Congruous with our findings, Bansal et al reported
the sensitivity and specificity of the BDG assay 97.8% and
16.6%, respectively, at cutoff of 80 pg/mL and 97.8 and 63.3%
at a cutoff of 143.5 pg/mL (AUC¼0.908).14 However, a study
has shown higher diagnostic accuracy of 0.995 with a sensi-
tivity of 95.1% and specificity of 96% at the kit cutoff of
80pg/ml for the diagnosis of probable/proven IFI.6 Many
studies from Western countries have reported high specific-
ity (> 90%) at the cutoff value of 80 pg/mL.8,11,20 A meta-
analysis study showed best diagnostic accuracy at the kit
cutoff of 80 pg/mL (AOC¼0.885) with sensitivity of 78% and
specificity of 81%.21 Compared with the Western countries,
the environmental factors, fungal disease prevalence, and
patient characteristics vary in the Indian population; it is
important to understand the performance of these tests in
Indian settings.

In our study, 17 patients on antifungal treatment were
tested again after 3 to 4 weeks and 15 patients showed a
decline in levels of BDG assay. A study from the United States
monitored the prognostic response of the assay and found
decreased levels are associated with successful treatment,
while levels are increasing in case of treatment failure.22

Most of the critically ill patients in the hospital are already
on antibiotics. A significant association was observed with
dialysis and PTZ use. Other studies have demonstrated PTZ,
amoxicillin–clavulanic acid, and dialysis as confounding factor
and have shown reduced BDG levels on discontinuation of
these factors.9,10,23,24However, we could not observe the BDG
levels after discontinuation of these factors by repeat test. This
could be one of the reasons for higher cutoff in the study.

In the present study, 8.2% of the patients had a fatal
outcome. A higher mortality rate (25.7%) has been observed
in a study conducted by Singh et al.6 In a French study, 18%
mortality was seen in patients with IFI.25 A meta-analysis
study showed 49.2% pooled mean mortality in candidemia
patients.12 One of the reasons behind decreased mortality in
our study might be the early start of empirical antifungal
treatment and regulated use of antibiotics based on the
hospital antibiotic policy.

Conclusion

Fungal biomarkers such as BDG are a ray of hope for rapid
screeningof fatal IFI in critically ill patients. As the assay has a
high NPV, a negative test can be used to stop the empirical
antifungal drugs. Keeping in mind the confounding factors
and use of higher cutoffs can be useful to avoid false-positive
results. Serial testing may be helpful in the prognosis of
treatment. Compared with the Western countries, the envi-
ronmental factors, including the fungal spore burden, fungal
disease prevalence, and patient characteristics vary in the
Indian population. Therefore, it is important to understand
the performance of these tests in Indian settings by perform-
ing more clinical and epidemiological studies in these
settings.

Note
The study has been approved by ethics committee of the
institute.
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