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Measurement of serum (103)-b-D-Glucan (BG) is an aid in the diagnosis of

fungemia and deep-seated mycoses, including invasive aspergillosis (IA). BG is

present in the cell wall of most pathogenic fungi (including Pneumocystis jiroveci)

in significant amounts with some notable exceptions such as Cryptococcus

neoformans and Zygomycetes. Commercially available assays can detect serum

BG concentrations as low as 1 pg/mL. Published validation studies have included

patients with IA and other invasive fungal diseases (IFD). BG detection appears to

be more sensitive than galactomannan detection in patients with IA, but BG’s

intrinsic lack of mycological specificity requires the integration of clinical,

radiological, and microbiological data for proper interpretation. BG assay test

characteristics can be used, for example, to exclude IA in some clinical scenarios, to

increase the certainty of IA in the presence of an isolated positive galactomannan

result or when testing follows initiation of antifungal treatment. BG may be falsely

elevated in the serum in the absence of IFD in patients undergoing hemodialysis

with cellulose membranes, in patients treated with immunoglobulin, albumin, or

other blood products filtered through cellulose filters containing BG, and in

patients with serosal exposure to glucan-containing gauze or to certain intravenous

antimicrobials. These potential sources of false positivity should be considered

when interpreting BG results. BG may be useful as a sensitive screening tool for

surveillance of IA and other IFD in populations at risk. Stratified IFD screening

and diagnostic strategies using both galactomannan and BG should be explored.

Factors affecting the production and clearance of BG during IA and other IFD

need additional study to further refine its diagnostic utility.
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Introduction

There have been impressive advances in the manage-

ment of invasive aspergillosis since the turn of the

millennium. Considered until recently a death-defining

infection [1,2], advances in diagnosis and treatment

have made it possible to establish a timely diagnosis

and provide effective and curative treatment for many

patients [3]. Key advances have been the development

and approval of voriconazole in 2002 for primary

treatment of invasive aspergillosis [4], the validation

and availability of high-resolution chest computed

tomography (CT) [5�7], and non-invasive testing for

circulating fungal cell wall components such as

galactomannan [8�10] and (103)-b-D-glucan (BG)

[11,12], which allow systematic screening and prompt

identification of significant fungal infections.

BGs are heterogeneous molecules that constitute a

major carbohydrate fraction of cell walls of most fungi,
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algae and plants [13]; curdlan is a BG molecule,

obtained as a fermentation product of a strain of
Alcaligenes fecalis, but not a cell wall component of

bacteria [13]. There is a growing and fascinating body

of knowledge regarding the interaction of fungal BGs

with different elements of the immune system and

effector pathways [14]. BG binds to several receptors

including Dectin-1, macrophage scavenger receptors,

and TLR-2 [14]. In vitro, modulation of BG exposure

during antifungal treatment may have an impact on
polymorphonuclear activity [15].

This manuscript reviews the history and current

knowledge of BG testing, with emphasis on its utility

in the diagnosis and management of invasive aspergil-

losis [IA].

History of (103)-b-D-glucan testing

Lehmann and Reiss were the first to report the

measurement of circulating Aspergillus fumigatus anti-

gen in rabbits and humans with IA in 1978 [16]. Their

strategy involved the development of an antiserum

against serum from rabbits experimentally infected with

A. fumigatus. They detected a single antigenic moiety

that circulated in the blood of infected rabbits and

humans with proven IA [16]. They later determined
that galactomannan was the molecule being detected

by the rabbit antiserum [17]. During these experiments,

BG was isolated and characterized from A. fumigatus

cell walls, but found to be non-antigenic [17].

In 1968, Levin and Bang developed an assay for

bacterial endotoxin using the amebocytes of Limulus

polyphemus [the American horseshoe crab] [18]. During

pyrogenicity testing of carboxy-methylated BG that was
being studied as an anti-tumor agent, Kakinuma and

colleagues noted that BG consistently turned the Limu-

lus test positive, despite confirmation of non-pyrogeni-

city in inoculated animals [19]. Morita and colleagues, by

studying Tachypleus tridentatus [Japanese horseshoe

crab] amebocyte lysate fractions, demonstrated that

BG triggered the Limulus test coagulation cascade via

a separate proenzyme, which was termed Factor G (Fig.
1) [20]. Obayashi and colleagues developed a chromo-

genic test based on the recombination of the different

amebocyte lysate fractions and proposed that use of

recombined fractions containing Factor G, but not

Factor C, which recognizes endotoxin, could be used

for non-invasive testing for the diagnosis of invasive

fungal diseases (IFD) [21]. Following proof of principle

studies [22] and after confirmation that BG was indeed
the substrate that bound to Factor G to trigger the

reaction cascade of their chromogenic test [23], Obayashi

and colleagues published the first multicenter validation

study in 1995 [11]. A similar BG test was developed using

amebocyte lysate fractions of the American horseshoe
crab and approved by the FDA in 2004 as an aid in the

diagnosis of fungemia and deep-seated mycoses [24]

following a prospective validation study [12].

Fungal spectrum of BG detection

BG is a major component of the cell wall of most

fungal species and is readily detected in supernatants of
most fungal cultures, with the exception of Cryptococ-

cus neoformans and Zygomycetes [25,26]. Data from

validation trials and case series consistently demon-

strate elevated BG levels in the blood of patients with

systemic infections caused by all species of pathogenic

Candida and Aspergillus [11,12,27�30]. BG has also

been detected in the serum of patients with infections

caused by Fusarium sp., Acremonium sp., Trichosporon

sp., Saccharomyces cerevisiae, and Histoplasma capsu-

latum [11,12,29,31�34]. In our experience [35], BG has

been detected in patients with confirmed invasive

infections caused by the fungi listed above. In addition,

BG has been positive in invasive infections caused by

Scedosporium prolificans, by agents of pheohyphomy-

cosis such as Acremonium, Phaeoacremonium, and

Fonsecaea, in patients with invasive dermatophytosis,
and in a patient with fungemia caused by Blastoschi-

zomyces capitatus.

The cumulative published experience is consistent in

the finding that BG is rarely detectable in the setting of

cryptococcosis and zygomycosis [11,28,29,36]. BG

testing is consistently negative in patients with mucosal

candidiasis in the absence of systemic disease [27]. On

the other hand, BG testing has proven to be a
particularly sensitive marker of Pneumocystis jiroveci

pneumonia in patients with HIV infection and other

predisposing conditions [37�39].

False positive BG results

There are several clinical circumstances in which BG is

detected in patients without evidence of fungal infec-
tion (Table 1). In these instances, BG is truly present in

the blood specimens, but introduced into the system by

certain medical interventions.

BG positivity in blood samples from patients under-

going hemodialysis was noted early in the development

of the test [22,28,40]. Further study determined that

cellulose [41] or modified regenerated cellulose [42]

dialysis membranes contain BG and consistently ele-
vate BG levels in patient who are dialyzed with these

membranes; this phenomenon was not observed

in patients dialyzed with synthetic polysulfone [42],
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cellulose triacetate [41], or polymethyl methacrylate

[41] membranes. Consideration of the type of dialysis

membrane used in patients in whom BG testing is being

considered is necessary for proper interpretation of the

assay. As the type of dialysis membranes used for renal

replacement therapy tends to be institution specific,

local validation of the BG assay in patients undergoing

dialysis is advisable.

BG has been consistently detected in the serum of

patients who receive intravenous immunoglobulin

[43,44], albumin, or other commercial blood compo-

nents [45�47]. BG is released from cellulose filters used

during the manufacturing process [45�47]. Not all

manufacturers use BG-containing filters, and knowl-

edge of the processing protocols or batch testing of lots

used in the clinical care of patients in whom BG

monitoring may be employed is essential to interpret

BG assay results properly in this context. Otherwise,

BG testing in patients who have received these products

should not be performed.

Investigating sources of false positive serum Limulus

assay positivity in patients after abdominal surgery,

Kimura and colleagues discovered that gauze used

intraoperatively was the source of BG. They confirmed

this finding by inoculating gauze-saline intraperitoneally

in rats [48]. This phenomenon has been observed by

other authors [49]. Similarly, Mohr and colleagues have

presented data on the use of BG surveillance in surgical

ICU patients and noted frequent false-positive results in

the first 3 days following surgery [50]. In our experience,

BG detection following surgery is not limited to in-

traabdominal gauze exposure, but also seen in patients

with intrathoracic gauze packings in the pleural space.

Whether gauze packing or dressings of other non-serosal

surfaces (extremities, burn patients) can increase serum

BG levels has not been characterized.

The use of certain intravenous antimicrobials, espe-

cially piperacillin-tazobactam, is a well-recognized

source of false positive galactomannan results

[51,52]. Galactomannan is likely introduced during

the manufacturing process, and does not imply fungal

contamination of the sterile product. In the case of

BG, in vitro testing of colistin, ertapenem, cefazolin,

trimethoprim-sulfamethoxazole, cefotaxime, cefepime,

and ampicillin-sulbactam was positive for BG at

reconstituted-vial concentrations, but not when diluted

to usual maximum plasma concentrations [53]. No BG

was detected in several lots of piperacillin-tazobactam

[53]. The clinical relevance of these observations

warrants further evaluation, but these in vitro findings

do not appear to be clinically significant in our

experience. Although not available in United States,

intravenous amoxicillin-clavulanic acid has been re-

ported to cause false positive BG results [54]. In

Fig. 1 Schema of BG detection by use of horseshoe crab lysate fractions. In gray are the enzymatic steps triggered by endotoxin, which are

removed or neutralized during the manufacturing of BG-specific assays [13].

Table 1 Causes of false positive BG results

Hemodialysis using cellulose membranes

Albumin

Intravenous immune globulin

Use of cellulose depth filters for intravenous administration

Gauze packing of serosal surfaces

Intravenous amoxicillin-clavulanic acid
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addition, azithromycin and pentamidine solutions have

been described to inhibit the BG assay [53], and we
have observed inhibitory BG test results in patients

who have recently received pentamidine alone. Thus, it

appears prudent to analyze lots of intravenous anti-

microbials commonly used in patients at risk of fungal

infection, especially if false positive results become

common in a particular population.

There has been a suggestion in some reports that

some bacteremias, especially with Gram-positive or-
ganisms, could be a source of false positive BG assay

results. Digby and colleagues collected a single speci-

men in 46 patients with known bacterial or fungal

infections being treated in two intensive care units

(ICU), seven control ICU patients and eight healthy

blood donors [55]. They reported that BG levels were

elevated on average in all patients with infections,

whether bacterial or fungal, when considered as
discrete subgroups. No details of the patients studied,

the nature and speciation of the fungal or bacterial

infections observed, the proportion of positive results,

nor the timing of sampling were provided. No systema-

tic evaluation of known sources of false-positivity

discussed above was attempted. Pickering and collea-

gues reported the results of BG testing of discarded

serum samples available 5 days prior to 5 days
following a positive blood cultures for bacteria or

yeast, or from patients who had samples submitted

for testing of galactomannan or Histoplasma antigen

[31]. Among 15 patients with Gram-positive bacter-

emias, 11 patients had discarded samples with BG

levels�80 pg/mL: six with Staphylococcus aureus, three

with coagulase-negative staphylococci, one with Strep-

tococcus mitis, and one with Enterococcus faecium. Of
these 11 patients, one had confirmed synchronous

invasive candidiasis on biopsy, one had received

intravenous immunoglobulin and one patient was on

hemodialysis. No clinical characteristics of patients

sampled were provided. No information on receipt of

albumin or intraabdominal gauze packing was sought.

Given the discarded nature of the samples obtained, the

authors admit that BG contamination during several
manipulations may have occurred. No crossreactivity

of the BG assay in patients experiencing bacteremias

has been observed in the prospective validation assays

published to date or in our experience [11,12,35,56].

Curdlan is a linear BG molecule produced by Alcali-

genes faecalis that activates factor G [12,57,58]. It is not

known whether bacteremia with A. faecalis would be a

source of a positive BG test, but A. faecalis bacteremia
is a rare event, even in oncologic populations [59]. In

our opinion, positive BG results in patients with a

concomitant or recent bacteremia should not be

interpreted as a false positive test, but, in the absence

of sources of false positivity discussed above, potential
sources and nature of IFD should be considered and

evaluated.

Validation studies and diagnostic performance

Prospective studies

Odabasi and colleagues systematically studied 283
patients undergoing initial induction chemotherapy

for treatment of acute myelogenous leukemia or

myelodysplastic syndrome by collecting serum samples

twice weekly and blindly analyzing BG test results

against clinical outcomes [12]. Sample collection was

independent of any clinical syndrome and was limited

to one episode per patient. An average of 7.3 specimens

per patient was obtained and all patients received either
intravenous itraconazole or caspofungin as antifungal

prophylaxis. They observed 16 proven and 4 probable

IFD [60] among the study patients, 4 of whom had

probable or proven IA. Using the T. polyphemus-based

assay (Associates of Cape Cod, Falmouth, MA) and a

predefined cutoff value of 60 pg/ml, all subjects with a

proven or probable IFD had at least one positive BG

test (sensitivity 100%, specificity 90%). When two
sequential BG assays]60 pg/ml were used as the

criteria for test positivity, the sensitivity of the test

was 65%, with a specificity of 96%. They noted that

positive results preceded the clinical diagnosis of IFD

by a median of 10 days.

Obayashi and colleagues’ multicenter validation

study involved the collection of blood samples during

202 episodes of fever among 179 patients in nine
Japanese hospitals [11]. The population tested was

more heterogeneous; 67% of patients had a hematolo-

gical malignancy or AIDS. Only 32% of the patients

had more than one blood sample tested. Forty-one

patients had proven or microbiologically confirmed

IFD, including 4 cases of autopsy-confirmed IA, and

59 patients had confirmed alternative diagnoses [11].

The BG assay cutoff value using the T. tridentatus-
based assay was 20 pg/ml. The sensitivity of the BG

assay using any positive result was 90%, and no patient

with a confirmed alternative diagnosis had a positive

BG assay result. When only the initial BG assay was

evaluated, the sensitivity of the test was 76% [11]. In

both studies, all patients with proven IA had elevated

serum BG levels.

Most recently, Senn and colleagues [61] published a
prospective study of 95 patients with acute leukemias

undergoing myelosuppressive chemotherapy between

2002 and 2006. They collected serum samples twice
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weekly during 190 neutropenic episodes. They diag-

nosed 30 IFD episodes, including five cases of proven
and 10 cases of probable IA. Each episode was

considered independent in their analysis, but they did

exclude 14 subsequent episodes in patients previously

diagnosed with IFD. Using a single positive assay as

the criteria for test positivity, they found optimal test

performance at a cutoff value of 11 pg/ml using the T.

tridentatus-based assay (Wako Pure Chemical Indus-

tries, Osaka, Japan), with a sensitivity of 50% (95% CI,
32�68%) and specificity of 89% (95% CI, 0.82�0.94).

Diagnostic performance was improved by considering

two consecutive results of ]7 pg/ml as a positive test:

the sensitivity was 63% (95% CI, 44�79%), and the

specificity was 96% (95% CI, 89�98%). Using two

consecutive positive BG results as the criteria for test

positivity, the receiver operating characteristic (ROC)

curve had an area of 0.87 [61].

Comparative studies of diagnostic tests for invasive
aspergillosis

A few studies have attempted to compare the perfor-

mance of the BG assay with other diagnostic modalities

in patients with IA. Kami and colleagues [62] compared

a T. tridentatus-based assay (Fungi-Tec, Seikagaku
Corporation, Tokyo, Japan) with the latex agglutina-

tion (LA) galactomannan assay and thoracic computed

tomography. Plasma samples were obtained once

weekly from 215 patients with hematological malig-

nancy receiving chemotherapy. In a patient-based

analysis, LA galactomannan testing had a sensitivity

of 44% and a specificity of 94%, whereas BG testing

was 63% sensitive and 76% specific for the diagnosis of
IA. They concluded that chest CT was a superior

diagnostic modality for the diagnosis of IA, but

suggestive CT abnormalities without histologic or

culture confirmation were considered probable IA

cases, making their conclusion problematic [62].

Kawazu and colleagues [63] compared the perfor-

mance of the BG assay with real-time PCR and double-

sandwich EIA galactomannan for the screening and
diagnosis of IA in 96 patients with hematological

malignancies during 149 consecutive neutropenia-indu-

cing treatment episodes. They diagnosed 11 cases of IA

[9 proven, 2 probable]. They used the T. tridentatus-

based assay (Wako). In this study, using two consecu-

tive positive galactomannan results with a cutoff value

EIA index of 0.6 had a better diagnostic performance

(ROC 0.97) than two consecutive BG results [ROC
0.79] [63]. In our initial clinical experience [35], among

21 patients with probable or proven IA, galactomannan

EIA index was]0.5 OD in 9 (42.9%) and BG was

]80 pg/ml in 16 (76.2%) on initial testing; five patients

did not have elevated galactomannan or BG. No
patient had an elevated galactomannan without an

elevated BG [35].

BG diagnostic thresholds

Although both horseshoe crab-based assays have limits
of detection around 1 pg/ml BG, validation studies

using the Japanese horseshoe crab assay have consis-

tently used lower BG thresholds for test positivity

[11,61]. Kinetic analyses comparing both BG assays

against standard concentrations of several polysacchar-

ides containing BG show that the L. polyphemus-based

assay is�2.5-fold less reactive than the T. tridentatus-

based assay [12]. It is unclear whether this phenomenon
translates into a higher sensitivity of the T. tridentatus-

based assay, as no clinical studies have compared the

two assays. The selection of a cutoff value for any

quantitative assay is a tradeoff between sensitivity and

specificity and depends on the intended use of the test

[64]. The suggested manufacturer’s cutoff for the T.

tridentatus-based assay is 20 pg/ml, based on Obaya-

shi’s data which was derived from a clinically hetero-
geneous patient population [11]. The data presented by

Senn and colleagues suggest that a single sample cutoff

of 11 pg/ml, or two consecutive samples with values

]7 pg/ml, may instead be optimal for the T. tridenta-

tus-based assay in patients with hematological malig-

nancies undergoing myelosuppresive chemotherapy

[61].

Odabasi and colleagues derived a cutoff of 60 pg/ml
for the L. polyphemus-based assay by evaluating serum

BG levels in 30 candidemic patients [12]. They did not

publish a receiver-operating characteristic [ROC] curve

of the BG assay in their study population [12]. The

multicenter validation study published by Ostrosky-

Zeichner and colleagues suggested a cutoff value of 80

pg/ml as the optimal discriminatory value [29]; this is the

current manufacturer’s recommended cutoff value for a
positive assay (valuesB60 pg/ml are considered nega-

tive, values between 60 and 79 pg/ml are reported as

indeterminate). Of note, this study had a case-control

design, and patients and controls had significantly

different baseline characteristics, which was not optimal

[65].

Kinetics and metabolism of BG

The serum concentration of BG in patients with IFD
depends on several factors, many of which have not

been well studied to date. Experimental models of IA

[66�68] demonstrate that BG concentration parallels
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the progression of untreated infection and burden of

infected tissue; effective treatment leads to a decrease of
BG levels over time. BG levels likely also depend on the

infecting fungal species, its angioinvasive properties,

and the structure and molecular weights of BG released

during infection [69]. At the host level, factors that

influence presence and levels of BG include fungal

tissue burden, organs infected, degree of neutropenia,

and other determinants of the net state of immuno-

suppression [70]. Beyond the production and release of
BG during infection and its suppression with effective

antifungal treatment, the clearance of BG in vivo is

poorly understood. Humans do not possess beta-

glucanases, and clearance of BG likely depends on

the glomerular filtration of low molecular weight BG

[69], while larger BG molecules appear to be retained in

the liver and degraded by Kupffer cells [69,71]. We have

observed a few patients with proven IA with persis-
tently elevated BG and negative galactomannan levels

months to years following successful antifungal treat-

ment: in these patients, chronic liver dysfunction due to

cystic fibrosis or chronic hepatic graft-versus-host

disease has been present.

Conclusions

BG is emerging as a useful adjunct in the diagnosis and

management of IFD, including IA. Given its intrinsic

lack of mycologic specificity, its optimal use requires an

integrated consideration of host risk factors for fungal

infection, the clinical presentation of the patient, and

radiologic patterns of various fungal infections, includ-
ing IA. As with any diagnostic test, its proper use is

based on the pretest probability for IFD. In several

studies where BG has been used in systematic surveil-

lance for IFD [12,61], BG appears to rise before

infection becomes clinically apparent, and may allow

for early evaluation and preemptive initiation of

appropriate antifungal treatment. BG testing may be

particularly useful in excluding most IFD given its
consistent high negative predictive value. It has been

suggested that combined use of BG and galactoman-

nan testing may be superior to either test alone for

diagnosing IA [30], but this strategy deserves further

study. Preemptive fungal risk management strategies

[72] using BG are appealing and should be studied

systematically.
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