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Introduction

Early and precise diagnosis of invasive fungal in-
fections (IFI) is still difficult because of lack of spe-
cific symptoms, and late appearance in the course
of the infection of clinical and radiological signs.
Differentiation between IFI and colonization still re-
mains a problem. Classic mycological examination
that includes histopathological assessment, micro-
scopic methods, and cultures of clinical material
samples also have limited diagnostic value (Horvath
and Dummer, 1996; Verweij and Heis, 2000; Yeo and
Wong, 2002). Because of low sensitivity of culture
methods as well as to necessity shorten the waiting
period for mycological exam results, the use of more
sensitive non-culture and non-invasive methods is
recommended (Ruhnke et al., 2003). New techniques
of diagnosing invasive mycoses allow for detection of
substitute markers like soluble Candida and Aspergil-
lus antigens and/or metabolites, as well as molecular
detection of fungal DNA from body fluid samples

using conserved or specific genome sequences. These
techniques, when combined with risk stratification
permit the early diagnosis of IFI and the implementa-
tion of pre-emptive therapeutic strategies (Wingard
and Leather., 2004).

A number of published data have focused on cur-
rently available assays, which allow detection of
highly immunogenic components of fungal cell wall:
galactomannan (Aspergillus), and mannan (Candida)
(Maertens et al., 2001; Sendid et al., 1999). Yet
another, more and more widely used antigenic marker
in the diagnose of systemic mycoses is (1→3)-$-
D-glucan (BDG) (Odabasi et al., 2004; Ostrosky-
Zeichner et al., 2005; Pazos et al., 2005; Takebayashi
et al., 2005). These are (1→3)-$-D-glucopyranosyl
polymers with randomly dispersed single $-D-gluco-
pyranosyl units held by (1→6)-$ linkages, giving
a comb-like structure. $-glucans are widely distributed
in nature in, for example, fungi, yeast, algae, bacteria
and higher plants. (1→3)-$-D-glucan is the part of the
outer cell wall of saprophytic and pathogenic fungi
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with the exception of those belonging to Zygomycetes
(Mucor and Rhizopus species) and Cryptococcus spe-
cies. Viruses, as well as human cells, do not contain
BDG (Miyazaki et al., 1995; Yeo and Wong, 2002;
Kondori et al., 2004).

Biological role of (1→→→→→3)-$-D-glucan

Fungal BDG exist both in soluble and in particu-
late forms. Conformation of the soluble BDG was
classified into three types: triple helix, single helix
and random coil. The mechanisms responsible for
mediating biological activity of the BDG, especially
in soluble form, are still not clearly demonstrated.
Soluble yeast BDG upregulated leukocyte activity
both on its own and in concert with LPS. In experi-
ments conducted by Engstad et al. (2002) soluble
yeast BDG had a strong synergistic effect on the LPS-
induced secretion of IL-8, IL-10, and on monocyte
tissue factor (TF) activity, but not on TNF-" and IL-6.
Recently it was found that soluble BDG from the
mycelial and yeast forms of Candida induced the pro-
duction of a large amount of macrophage inflamma-
tory protein-2 (MIP-2), a chemotactic factor from
mouse peritoneal exudate cells in vitro (Miura et al.,
2003). Soluble form of BDG may also inhibit the
phagocytosis by monocytes, by blocking the recep-
tors for BDG present on phagocytes that according to
Miyazaki et al. (1995) could explain the possible
mechanism of development of fungal infection.

It has been postulated that cell wall glucans may
serve as a pattern recognition molecules for the innate
immune system (Mueller et al., 2000). In mammals,
glucans are thought to induce biological activity
through interaction with receptors on macrophages,
neutrophils, NK cells, and nonimmune cells (Mueller
et al., 1996; Vetvicka et al., 1996; Kougias et al.,
2001). Many species have pattern recognition recep-
tors or binding proteins which recognize BDG. Bind-
ing of BDG in human and murine monocytes and
macrophages is specific, saturable, and susceptible to
displacement by other BDG (Mueller et al., 1996;
Battle et al., 1998). More recently, the human $-glucan
receptor DECTIN-1 was cloned and found to be
expressed on monocytes, macrophages, dendritic cells,
and NK cells. It function as a pattern recognition
receptor recognizing a variety of (1→3)-$- and/or
(1→6)-$-linked glucans (Willment et al., 2001). Pat-
tern recognition receptors recognizing of BDG also
exist on human fibroblasts. Interaction of fungal
glucan with fibroblast membrane receptors increases
NF-kB activity and proinflammatory cytokine gene
expression IL-6 (Kougias et al., 2001).

Fungal 1→3-$-glucans exhibit a variety of bio-
logical and immuno-pharmacological activities, and

the significance of these activities is dependent on the
structure, such as solubility in water, molecular weight,
degree of branching, and conformation (Miura et al.,
2003). These activities could be beneficial and phar-
macologically useful (Cheung et al., 2002; Hong et al.,
2003), while some are strongly related to the allergic
and inflammatory adverse reactions (Engstad et al.,
2002; Miura et al., 2003). The role of glucans in in-
fection is unknown. Recently an inverse correlation
between serum glucan levels and interleukin-2 (IL-2),
IL-4, TNF-" and granulocyte-macrophage-colony
stimulating factor (GM-CSF) levels was shown in
patients with infections from Intensive Care Unit. This
correlation was only observed at glucan concentra-
tion <40 pg/ml. According to Gonzalez et al. (2004)
th is may represent an adaptive response to septic
injury. Recent data indicate that glucans are released
from fungal cell walls into the systemic circulation of
patients with proven (is defined by positive microbio-
logical culture and histology) or probable (is defined
as at least one microbiological criterion and one or
two major/minor clinical criteria) IFI who were/or
not receiving antifungal medication. Its presence in
blood or other body fluids may be a serological
marker of fungal sepsis in patients having fungemia,
aspergillosis, candidiasis, fusariosis, and other deep-
seated mycoses (Yasuoka et al., 1996; Yuasa et al.,
1996; Yoshida et al., 1997; Odabasi et al., 2004;
Ostrosky-Zeichner et al., 2005).

BDG-specific assays as a diagnostic adjunct for IFI

Excellent complementary tests and in the future,
maybe, an alternative to the methods for detection of
Aspergillus galactomannan, are assays directed to
detection of BDG. Determination of BDG plasma
concentration is another useful screening method
detecting deep mycoses, because (i) the result can be
obtained in a short time period, and (ii) many species
of pathogenic fungi have BDG as a cell wall com-
ponent (Kami et al., 2000; Ishizuka et al., 2004). Use
of these methods was beneficial especially in: (a) adult
hematological cancer patients with acute myelogenous
leukemia, chronic lymphocytic leukemia, acute lym-
phocytic leukemia, myelodysplastic syndrome, non-
Hodkin�s lymphoma (Odabasi et al., 2004; Pazos et al.,
2005); (b) suspected to have endogenous fungal
endophthalmitis (Takebayashi et al., 2005); (c) criti-
cally ill surgical patients (Takesue, 2004); (d) heat-
stroke patients (Aibiki et al., 2005); (e) Farmer�s lung
cases (Imai et al., 2004), (f) patients with pulmonary
aspergillosis (Yuasa et al., 1996); (g) subjects with
Pneumocystis carinii pneumonia (Yasuoka et al., 1996),
and (h) other groups of patients with proven or prob-
able IFI (Ostrosky-Zeichner et al., 2005).
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All commercially available diagnostics tests (Fungi-
Tec G; Test Wako-WB003; B-G Star; $-glucan Test
Maruha; FungiTec G Test MK; Glucatell (Fungitell) are
subject of prospective studies, so far only performed
in Japan. The diagnostic tests which are being verified
show different sensitivity and specificity (Hossain
et al., 1997; Martino and Subira, 2002; Ostrosky-
Zeichner et al., 2005; Upton et al., 2006). In the
first one mentioned, based on calorimetric method,
the affinity of limulus factor G to glucan is used
(Fungitec-G test; Seikagaku Kogyo Corp., Tokyo, Ja-
pan). (1→3)-$-D-glucan can be detected by its ability
to activate factor G of the horseshoe crab coagulation
cascade (Uchiyama et al., 1999). It specifically binds
to the a subunit of factor G, activating its serine pro-
tease zymogen $ subunit. In this test, the chromogenic
substrate Boc-Leu-Gly-Arg-p-nitroanilide is cleaved
by the activated clotting enzyme, followed by the re-
lease of p-nitroanilide (pNA). The released p-nitro-
anilide is determined at an absorbance at 450 nm
(Obayashi et al., 1995; Digby et al., 2003). In vitro
experiments proved that the limulus factor G activa-
tion ability of soluble $-glucan from the mycelial
form of Candida (M-CSBG) is comparable to that of
the yeast form (Y-CSBG). Miura et al. (2003) reported
that M-CSBG from the mycelial form of C. albicans
also has high limulus factor G activation ability, fur-
ther demonstrating that BDG assay in human blood is
a promising way for the early diagnosis of deep seated
mycoses (Miura et al., 2003).

Few reports show that Fungitec-G is highly spe-
cific and sensitive test detecting 1 pg of glucan in 1 ml
blood (Miyazaki et al., 1995; Hossain et al., 1997;
Martino and Subira, 2002; Takebayashi et al., 2005).
In the analysis of 202 episodes of fever of unknown
origin, presence of BDG was show in 37 of 41 patients
with post mortem or microbiologically confirmed IFI.
Sensitivity of the test was estimated to be 90%, speci-
ficity in the range of 84�100%. Serum samples with
BDG concentration of ≥20 pg/ml were recognized as
positive (Obayashi et al., 1995). Miyazaki et al. (1995)
confirmed the usefulness of the test in serodiagnostic
of invasive candidiasis. Average BDG concentration
in plasma was 2207.4 pg/ml with the exception of
a case where the etiological factor of bloodstream
infection was C. krusei. Interestingly, fungal coloni-
zation of the oral cavity, urine and bronchi did not
cause an increase of the antigen concentration above
the mentioned value (Obayashi et al., 1995). Also was
no benefit shown for detection of (1→3)-$-glucan in
patients with cryptococcosis (group of 10 patients),
as they had the antigen concentration lower than
16.5 pg/ml (Miyazaki et al., 1995). The benefit of de-
tecting BDG by using Fungitec-G test was confirmed
in patients suspected to having endogenous fungal
endophthalmitis (EFE). The presence of BDG was

demonstrated in 95% of patients with EFE, its blood
concentration exceeded 20 pg/ml. Sensitivity of the
test was estimated as 90.2% when the presence of
Candida albicans was confirmed beforehand in blood
and/or other specimens (urine, sputum, stool, catheter
tip). Presence of BDG in serum (>20 pg/ml) was con-
sidered as one of the main factors predisposing to the
development of EFE (Takebayashi et al., 2005). A dif-
ferent example is shown in the study of Digby at al.
(2003) performed on 46 patients from intensive care
ward with confirmed fungal and bacterial infections.
Results of this study give a high negative predictive
value of approximately 78% and a low specificity of
Fungitec-G test. According to researchers, this assay
may be useful as a negative predictor of infection. The
reasons for little use of the test in serodiagnostic of
mycoses may be related to low cut-off value adopted
by these authors (20 pg/ml), clinical profile of pa-
tients, measuring of the concentration of BDG in only
a single serum sample as well as unclearly defined
criteria for diagnosing invasive fungal infection.

Data that suggest the use of BDG as an early marker
of IFI also come from the report of Pazos et al. (2005).
Antigen detected by a new, chromogenic Glucatell
test turned out to be a good prognostic factor of inva-
sive aspergillosis (IA) and valuable marker for moni-
toring antifungal therapy. Similarly as in Fungitec-G
Glucatell reagent uses enzymes from Limulus poly-
phemus amebocyte lysate. This assay is manufactured
by removing bacterial endotoxin-sensitive factor C
(an endotoxin-activated serine protease zymogen) from
LAL (the Limulus amebocyte lysate), making this re-
agent specific for BDG. The reagent is used in a quan-
titative assay that detects BDG in the serum of patients
with symptoms or medical conditions predisposing to
IFI. For the Glucatell assay, the suggested positive se-
rum cut-off level for BDG is defined as 60 or 80 pg/ml
(Odabasi et al., 2004; Ostrosky-Zeichner et al., 2005).
In recent reports, authors point to the high sensitivity
and specificity of the Glucatell test in diagnostics of
invasive aspergillosis, candidiasis and fusariosis in
onco-haematological patients. In multi-center trials
performed by Ostrosky-Zeichner et al. (2005) on
a group of 163 patients with proven or probable IFI
and on 170 fungal-infection-negative persons, the sen-
sitivity of the test was 69.9% and the specificity 87.1%.
The high sensitivity of Glucatell test was demonstrated
for Candida species (with the exception of C. parapsi-
losis), and fungi from Aspergillus and Fusarium gen-
era, amounting to 82.6%, 80% and 100%, respec-
tively. Similar results were obtained by Pazos at al.
(2005). In IA patients, tested for the presence of BDG
twice weekly, the sensitivity and specificity of the test
were 87.5% and 89.6%, respectively. In their study,
these authors also emphasized the fact that parallel
detection of GM and BDG raises the specificity of the



6 Kêdzierska A. 1

test to 100%. Odabasi et al. (2004) reported compara-
tive outcomes, indicating that specificity of the test
was 90% for a single positive sample to 96% and 99%
for ≥2 sequential positive results. Testing was per-
formed with serial serum samples obtained from 283
neutropenic subjects (7.3 specimens per subject) with
acute myeloid leukaemia or myelodysplastic syndrome
who received antifungal prophylaxis, and who were
undergoing initial induction chemotherapy. At the same
time, in a study on 142 patients with proven IFI, no
statistically differences were noted (P = 0.9) in the
sensitivity of the test when comparing the group of pa-
tients undergoing antifungal therapy (N = 118; 83.3%)
with the non-treated patients (N = 24; 72.9%) for a cut-
off value of 60 pg/ml (Ostrosky-Zeichner et al., 2005).

Wako-WB003 is another assay for (1→3)-$-D-
glucan that determines the change in turbidity of the
gelatin reaction of limulus factor G with BDG. In
a study where animals were intravenously administered
C. albicans at a concentration of 1×107 CFU, the con-
centration of BDG in Wako-WB003 test was only
42.225 ± 41.275 ng/ml contrary to the high level of this
antigen (660.9 ± 427.9 pg/ml) measured parallel with
Fungitec G test. Low usefulness of the Wako-WB003
test in detection of BDG was also demonstrated in pa-
tients with candidemia, suspected candidemia, invasive
pulmonary aspergillosis (IPA), aspergilloma, and with
pulmonary cryptococcosis (Hossain et al., 1997).

Clinical usefulness of BDG in screening for IFI

Many experimental data has been gathered as evi-
dence showing the possible use of BDG in the diag-
nostics of IFI, especially the ones caused by Aspergil-
lus and Candida (Kondori et al., 2004; Pazos et al.,
2005). Detection of BDG also has the potential to
detect IFI in patients including fusariosis, trichosporo-
nosis, and those caused by Pneumocystis jiroveci,
Acremonium spp. and Saccharomyces spp. (Yoshida
et al., 1997; Odabasi et al., 2004, Ostrosky-Zeichner
et al., 2005). Measurement of BDG it is unable to
identify the species of infectious fungi. Invasive fun-
gal infection is suspected at a blood BDG concentra-
tion over a cut-off value of 20 pg/ml used for the
Fungitec-G assay (Obayashi et al., 1995; Miura et al.,
2003; Odabasi et al., 2004). Average concentration of
BDG in serum samples collected from 163 patients
with proven aspergillosis, candidiasis and fusariosis
were 1103 pg/ml, 755 pg/ml and 1652 pg/ml, respec-
tively. Determination of BDG by Glucatell test was of
limited use in patients with IFI of Mucor spp., Rhizo-
pus spp. and Cryptococcus spp. etiology. The level
of this marker in samples collected only once was
lower than 60 pg/ml. (Ostrosky-Zeichner et al., 2005).
Finally, an elevated levels of BDG has also been

reported in bronchoalveolar lavage fluids (BALFs)
from patients with Pneuocystis carinii pneumonia
(Yasuoka et al., 1996) and in Farmer�s lung cases
(Imai et al., 2004). In the Farmer�s lung cases an im-
munoprecipitation positive reactions against Aspergil-
lus fumigatus, A. terreus and Nocardiopsis alba were
also reported. It is worth to mention that BDG concen-
tration in serum of the same patients was not exceed-
ing levels typical for healthy people. In clinical trials
it was shown that the concentration of BDG in the
blood of healthy people is <10 pg/ml with the aver-
age of 2.7 pg/ml. In another multi-centre studies in
the United States a concentration of BDG in sera of
170 individuals without proven IFI (control group)
was ranging between 0 and 212 pg/ml and average
level was 47.5 pg/ml. (Ostrosky-Zeichner et al., 2005).

Although BDG are detected in the blood at the
time of fungal  infection, it is not clear what effects
these $-glucans have on the body. In patients with
confirmed IA significant rise of BDG concentration
in serum was shown within 5 days, therefore the
observed kinetics of liberated antigen in vivo points
to the necessity of examining serum samples twice
a week (Pazos et al., 2005). In 100% of patients with
proven and possible IA the presence of BDG was
detected on average 9.3 days before detectable radio-
logical changes in high resolution computed tomo-
graphy (HRCT). Odabasi et al. (2004) reported that
BDG was positive at a median of 10 days before the
clinical diagnosis (range 32 days before and 2 days
after) in patients with acute myelogenous leukemia
(AML) or myelodysplastic syndrome (MDS) with
proven or probable IFI including candidiasis, aspergil-
losis, fusariosis, and trichosporonosis (Odabasi et al.,
2004). On the other hand Kami et al. (2000) demon-
strated that positive findings in chest CT scan preceded
those of BDG assay by 11.5 days (range 7 to 40), and
by 6.8 days (range 0 to 11) in patients with definite
and suspected IPA, respectively (Kami et al., 2000).

Kami et al. (2000) reported that the sensitivity of
BDG assay was 88% in case of patients with dissemi-
nated IA, but it decreased to 38% in those with IA
localised to the lung. With respect to this, detection of
antigenemia in localised form of aspergillosis may be
of little value in the early stage of diagnosing IPA
(Kami et al., 2000). In the same study at early stage
the detection of circulating Aspergillus antigen in the
blood revealed 10 and 100-fold higher sensitivity of
the $-glucan assay in comparison with other commer-
cial available immunoenzymatic (Platelia Aspergillus,
Diagnostic Pasteur, France) and latex agglutination
(LA; Pastorex Aspergillus, BioRad) assays. In patients
with definite IPA (n = 16) BDG in plasma was positive
at a median of 20.2 ± 12.9 days (range 0 to 53) after
the first fever episode, while in patients with suspected
IPA the presence of antigen was detected on average
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26.2 ± 24.4 days (range 8 to 69). Similarly, Ostrosky-
Zeichner et al. (2005) demonstrated significantly lower
sensitivity of the Glucatell assay in 21 patients with
probable IFI in comparison to 142 patients with proven
IFI which was 42.9% and >80%, respectively.

BDG as a serological marker for monitoring
of IFI during treatment

Recent clinical trials proved that the concentration
of BDG in serum of adult hematological cancer patients
with IFI, changes in relation to the patient�s response
to antifungal treatment with amphotericin B and/or
caspofungin. Results of these observations are par-
ticularly interesting in patients with proven IA. In
five patients with proven IA the monitored BDG anti-
gen level corresponded with the response to the anti-
fungal therapy. In patients with regression of the
illness a decrease in serum BDG was noted with
continuously high level of antigen in patients not
responding to therapy. In the same study it was shown
that the presence of BDG in the serum of 71.4% of
patients was observed 4 to 25 days before the initia-
tion of antifungal therapy. According to Pazos et al.
(2005) BDG value reflects the extend of illness and
it is useful for the judgement of cure effect. Another
example is a study of Yasuoka at al. (1996) encom-
passing a group of 7 patients with Pneumocistis
carinii (jiroveci) pneumonia and AIDS. In this study
all follow up samples showed decreased BDG levels
after antipneumocystis therapy.

Non-specific cross reactions

Detection of soluble antigens is a faster method
than culture, but as in all immunological methods,
there may be non-specific cross reaction. The final

result of the serodiagnostic tests for the BDG pres-
ence may be influenced by several factors shown in
Table I. The use of any of these products may lead to
a false-positive BDG assay result. Lastly, Ishizuka
et al. (2004) reported that administration of antitumor
BDG preparations interfered with the BDG measure-
ment for a long time, and the degree of interference
differed among BDG measuring methods, so patients
undergoing treatment with antitumor polysaccharides
may present false-positive results.

In patients with haematological malignancies diag-
nosed as having IPA, the majority of false-positive
results for BDG occurred during neutropaenia (65 of
865 samples; 7.5%) rather than during a period of nor-
mal neutrophil level (25 of 949 samples 2.6%). This
may suggest the presence of a transient fungemia
or Aspergillus antigenemia following cytotoxic che-
motherapy and spontaneous clearance from the blood-
stream with the recovery of the immune system (Kami
et al., 2000).

False positive results for the presence of BDG
were noted in patients with Escherichia coli blood-
stream infection (1 case) and superficial colonization
with Candida albicans and C. glabrata (2 cases). The
combined assessment of BDG and extent of coloniza-
tion with Candida spp. is believed to have the advan-
tage of lessening the likelihood of a false positive
reaction of BDG (Takesue, 2004). This author suggests
that the mono-utilization of BDG for the assessment
of fungal infection should therefore be avoided. How-
ever, it has been reported that isolation of a number of
bacteria in blood, as well as colonization by yeasts,
did not produce BDG positive results by the FungiTec
G test (Obayashi et al., 1995). Pazos et al. (2005) and
coworkers have presented data, which indicated that
analysis of the kinetics of BDG levels helped in
the identification of false-positive data since in these
patients BDG levels showed abrupt rises and falls.
In the opinion of authors the results obtained may be

● Presence of endotoxins in examined samples → affinity to glucan

● Antitumor BDG preparation (lentinan and schizophyllan) → contain BDG Ishizuka et al., 2004

● Treatment of patients with immunological preparations (albumins or globulins) Usami et al., 2002

●
a Use of cellulose membranes and filters made from cellulose in haemodialysis → BDG Kanda et al., 2001;
from cellulose filters had been eluted into blood components by filtration Nagasawa et al., 2003;
in the manufacturing process Takesue, 2004

● Use of cotton gauze swabs/packs/pads and sponges during surgery Nakao et al., 1997

● $-glucans react with the factor G-mediated coagulation pathway in the limulus
amebocyte lysate (LAL) method → activation of the LAL system

Vassallo, 1999

False negative results � probable cause:  

● Presence of gluconase enzyme in systemic fluids → breakdown of BDG in positive samples Kawai et al., 2005

Table I
Some reasons of false-positive and false-negative reactions

False positive results � probable causes: References

a The use of cellulose membranes but not of cellulose triacetate or polymethyl-methacrylate membrances
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questionable especially with no confirmation of IFI
and exclusion of other causative factors of false posi-
tive reactions. In the same study it was shown that
simultaneous detection of GM and BDG is evidently
more effective in diagnosing IA than detection of each
marker separately. In their study authors showed, that
the presence of both antigens in the bloodstream at
the same time allowed confirming IA. On the other
hand, detection of only GM or BDG identified false
positive results.

Conclusions

● Determination of (1→3)-$-D-glucan concentration
is an effective method of screening for invasive
fungal infection caused by Candida spp., Aspergil-
lus spp., Fusarium spp., Trichosporon spp., Acre-
monium spp., Saccharomyces spp.

● Limitation of screening for IFI by measurement of
(1→3)-$-D-glucan concentration are rare fungal
infections of Mucor spp., Rhizopus spp., and Crypto-
coccus spp. etiology

● Repeated measurement serum or other body fluids
level of (1→3)-$-D-glucan are useful for evalua-
tion of disease progression and therapeutic efficacy

● In order to improve sensitivity and specificity of
the assay, parallel determination of both (1→3)-$-
D-glucan and galactomannan is recommended

● Further studies of the relationship between clini-
cal data and measurements of (1→3)-$-D-glucan
should be continue.
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