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Abstract

The (1—3)-B8-D-glucan (BDG) is a component of the fungal cell wall that can be detected in serum and used as an adjunctive tool for the
diagnosis of invasive mold infections (IMI) in patients with hematologic cancer or other immunosuppressive conditions. However, its use is
limited by modest sensitivity/specificity, inability to differentiate between fungal pathogens, and lack of detection of mucormycosis. Data about
BDG performance for other relevant IMI, such as invasive fusariosis (IF) and invasive scedosporiosis/lomentosporiosis (IS) are scarce.

The objective of this study was to assess the sensitivity of BDG for the diagnosis of IF and IS through systematic literature review and meta-
analysis. Immunosuppressed patients diagnosed with proven or probable IF and IS, with interpretable BDG data were eligible. A total of 73 IF and
27 IS cases were included. The sensitivity of BDG for IF and IS diagnosis was 76.7% and 81.5%, respectively. In comparison, the sensitivity of
serum galactomannan for IF was 27%. Importantly, BDG positivity preceded the diagnosis by conventional methods (culture or histopathology)
in 73% and 94% of IF and IS cases, respectively. Specificity was not assessed because of lacking data. In conclusion, BDG testing may be useful
in patients with suspected IF or IS. Combining BDG and galactomannan testing may also help differentiating between the different types of IMI.

Lay summary

IF and IS are severe fungal infections for which diagnosis is often delayed. This meta-analysis shows that beta-glucan testing in serum had a
sensitivity of about 80% for IF/IS and could detect the disease earlier compared to conventional diagnostic tests.
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Introduction

Invasive mold infections (IMI) are life-threatening compli-
cations in hematologic cancer patients, such as hematopoi-
etic cell transplant recipients or patients receiving inten-
sive chemotherapies for acute leukemia. While invasive
aspergillosis and mucormycosis represent the most fre-
quent IMI, invasive fusariosis (IF) and invasive scedosporio-
sis/lomentosporiosis (IS) account for about 3%-5% of IMI
cases in Europe and the United States.!> This proportion
varies geographically; for instance IF is more frequent in Brazil
(15%-40% of IMI cases).>»*

The diagnosis of IMI is difficult because it often requires
invasive procedures such as bronchoscopy or tissue biopsy.®
Conventional diagnostic approaches (histopathology and cul-
ture) have low sensitivity.® Non-culture tests for the detec-
tion of fungal antigens or DNA in serum are useful for the
early detection of IMI. Specifically, Aspergillus-specific quan-
titative PCR and/or galactomannan (GM) testing in serum
are recommended for the diagnosis of invasive aspergillo-
sis.>” Quantitative PCR for Mucorales demonstrated appro-
priate performances for the diagnosis of mucormycosis in
serum.® However, diagnostic approaches for IF and IS are lim-
ited.” Although blood cultures can detect Fusarium and Sce-
dosporium/Lomentospora spp., their sensitivity is low (10%—
40%).1%11 Non-culture methods for IF and IS mainly rely
on different in-house panfungal PCRs, which are not stan-
dardized and not widely available.” Recently, a specific PCR
for Fusarium spp. detection in serum has been developed
with promising results.!> Although the GM test displays some
cross-reaction with Fusarium spp., variable sensitivity results
(10%-80%) for the diagnosis of IF in serum have been re-
ported.!213

The (1—3)-B-D-glucan (BDG) is a polysaccharide of the
fungal cell wall that can be detected in serum by different com-
mercial kits."*'S BDG testing is approved as a diagnostic tool
for the diagnosis of IMI and other invasive fungal infections,
such as invasive candidiasis and pneumocystosis.!>>'® For in-
vasive aspergillosis, an overall sensitivity of 50%—-60% has
been reported.'S*!” While BDG testing is not recommended
for mucormycosis, it may be useful for the diagnosis of other
non-Aspergillus IMI, such as IF or 1S.' However, current
data are scarce to assess its actual performance in this setting.

The objective of this study was to assess the sensitivity of
BDG testing for the diagnosis of IF and IS in hematologic
cancer patients and other immunocompromised populations
(e.g., solid organ transplant recipients) by a systematic review
of the literature and meta-analysis.

Methods

Search strategy and inclusion criteria

A systematic search of the literature was performed in
PubMed database (https:/pubmed.ncbi.nlm.nih.gov) using
the following keywords: ‘beta-glucan’ or ‘glucan’ in com-
bination with ‘Fusarium’, ‘Scedosporium’, ‘Lomentospora’,
‘fusariosis’, ‘scedosporiosis’, and ‘lomentosporiosis’. In ad-
dition, a systematic search of all case reports of Fusarium,
Scedosporium, and Lomentospora infections was performed.

The papers were excluded on the basis of title/abstract ac-
cording to the following exclusion criteria: (i) non-clinical
studies or non-human infections, (ii) absence of host fac-
tors and/or no criteria of invasive fungal infections accord-
ing to the European Organisation for Research and Treat-
ment of Cancer and Mycoses Study Group Education and
Research Consortium (EORTC-MSGERC),” (iii) mixed or
concomitant (<4 weeks apart) fungal infections, and (iv)
articles in language other than English and for which ad-
ditional data than those contained in the English abstract
were required. Articles containing data about cases fulfill-
ing EORTC-MSGERC criteria of proven or probable IF
or IS in immunocompromised patients were screened for
the term ‘glucan’. All cases for which individual clinical
data were available and for which a result of BDG test-
ing in serum by any validated method was reported were
included.

Data collection

The following data were collected for each individual case:
type of underlying disease and immunosuppressive condi-
tions according to EORTC-MSGERC criteria, genus/species
of the pathogenic fungus, localization of the fungal disease,
presence or absence of fungemia (i.e., positive blood cul-
ture for Fusarium spp or Scedosporiuml/Lomentospora spp.),
EORTC-MSGERC classification of the fungal infection, type
of BDG test, quantitative value of serum BDG, and result of
GM assay if available for IF cases. BDG results were inter-
preted according to the cut-off of positivity proposed by the
manufacturer, which was >80 pg/ml for the Fungitell™ as-
say (Associates of Cape Cod Inc., Falmouth, MA), >7 pg/ml
for the Wako B-glucan test (FUJIFILM Wako Chemicals, Os-
aka, Japan) and >20 pg/ml for the Fungitec-G assay (Seika-
gaku, Tokyo, Japan). When the type of BDG assay was not
mentioned in the original publication, the cases were included
if the BDG result and its interpretation by the authors were
not equivocal about the positivity or negativity of the re-
sult. Papers reporting only qualitative BDG results (‘positive’
or ‘negative’) were included. In case of multiple testing, the
highest BDG value was considered. For IF, results of the GM
test (Platelia Aspergillus EIA, Bio-Rad Laboratories, Marne-
La-Coquette, France) were also collected when available. For
studies reporting BDG results and for which individual data
could not be collected, authors were contacted and additional
data were obtained whenever possible.

Data analyses

Considering that most included publications were case reports
or small case series, a specific tool was designed for the pur-
pose of this meta-analysis in order to assess the quality and
completeness of the data. For each included publication, the
data were rated as ‘complete’ or ‘partially lacking’ regarding
the characteristics of the patients (underlying diseases and im-
munosuppressive conditions), the characteristics of the fungal
infection (EORTC-MSGERC classification, localization of in-
fection), and the BDG data (type of BDG assay, quantitative
and qualitative BDG result).
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—————————— Included publications
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Lacking data obtained

N =20 from authors
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Figure 1. Algorithm for screening and selection of publications. BDG: (1—3)-8-D-glucan, EORTC-MSGERC: European Organisation for Research and
Treatment of Cancer and Mycoses Study Group Education and Research Consortium, IFl: invasive fungal infection.

Sensitivity of BDG testing for the diagnosis of
proven/probable IF and IS was calculated on the basis of
all included cases and for different subgroups (adult vs. pe-
diatric populations, hematologic cancer vs. other underlying
conditions, neutropenia vs. no neutropenia, fungemia vs.
no fungemia, and localized vs. disseminated infection). For
IF, sensitivity of GM was also calculated and compared to
that of BDG among cases for which both tests had been
performed. For case reports and case-series providing data
about the sequence leading to the diagnosis of IF or IS, the
timing between the first positive BDG assay and the standard
test confirming the diagnosis (culture or histopathology) was
assessed.

Results

Invasive fusariosis (IF)

Of 985 publications screened, 39 met the inclusion criteria
and were included in the meta-analysis (Fig. 1). Of these, 30
were single case reports and 9 were cohort studies for which
individual BDG data were available (Supplementary Figure
1).12:18-55 Two of these cohorts accounted for a substantial
number of cases (7 = 23, 31.5%).1%* In total, 73 cases of
proven or probable IF in patients with EORTC-MSGERC
host factors were included. The characteristics of the patients
and IF cases are described in Table 1. The majority of pa-
tients had hematologic cancers (88%) and were neutropenic
(64%). IF was proven in 90% and was associated with dis-
seminated disease in 74% cases and fungemia in 51% cases.
Identification of Fusarium spp. at species level was available
for 48 (66%) cases and Fusarium solani complex accounted
for 62.5% of them.

BDG was detected by the Fungitell assay in 53 (73%) cases
and by the Wako or Fungitec-G assays in 5 (7%) cases and the
type of test was not specified in the remaining 15 cases (21%).
The BDG test was interpreted as positive in 56/73 cases lead-
ing to a sensitivity of 76.7% (Table 2). Subanalyses in differ-

ent subgroups did not show significant differences, although
sensitivity tended to be higher in patients with disseminated IF
and fungemia, and to be lower in the pediatric population (Ta-
ble 2). No significant difference was observed between infec-
tions due to E solani complex vs. other Fusarium spp. (73.3%
vs. 88.9%, P = 0.3).

Concomitant results of GM testing were reported in 44
cases and were positive in 12 of them (sensitivity 27.3% com-
pared to 71.0% for BDG).

The timing of BDG positivity compared to the diagno-
sis of IF obtained by histopathology or culture was as-
sessed for 33 cases. BDG positivity preceded the positive cul-
ture/histopathology in 24 (73%) cases and was concomitant
to it in 3 (9%) cases, while in 6 (18%) cases the first positive
BDG result was obtained after IF diagnosis.

Invasive scedosporiosis/lomentosporiosis (IS)

Of 536 publications screened, 21 met the inclusion criteria
and were included in the meta-analysis (Fig. 1). Of these, 18
were single case reports and 3 were cohort studies providing
individual BDG data for a small number of cases (1-4 pa-
tients) (Supplementary Figure 1).18:23:5674 In total, 27 cases of
proven or probable IS (16 scedosporiosis, 10 lomentosporio-
sis, and 1 mixed infection) in patients with EORTC-MSGERC
host factors were included. The characteristics of the patients
and IS cases are described in Table 1. Most patients had hema-
tologic cancers (59%) or solid-organ transplantation (30%).
Neutropenia was reported in 26% of them, while 78% re-
ceived immunosuppressive therapies. IS was proven in 85%
cases with disseminated disease and fungemia in 44% and
30% cases, respectively. BDG was measured by the Fungitell
assay in 13 (48%) cases, by the Wako or Fungitec-G as-
says in 7 (26%) cases, while the type of test was not speci-
fied in 7 cases (26%). The BDG test was interpreted as pos-
itive in 22/27 cases leading to a sensitivity of 81.5% (Ta-
ble 2). Sub-analyses in different subgroups did not show sig-
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Table 1. Characteristics of patients and invasive fungal infections.

Lamoth et al.

Invasive fusariosis
(N=73)
N (%)

Invasive scedosporiosis
(N =27)
N (%)

Demographic characteristics
Female/male/not specified
Adult (>18 year old)/pediatric/not specified
Underlying diseases
Hematologic cancer
Acute leukemia
Allogeneic HSCT
Other hematologic disease
Solid-organ transplantation
Other or not specified
Immunosuppressive conditions
Neutropenia (yes/no/not specified)
Immunosuppressive therapy (yes/no/not specified)’
EORTC-MSGERC classification
Proven/probable
Site of invasive fungal infection
Single site/disseminated (>1 site)/not specified
Fungemia (yes/no/not specified)

23 (32)/38 (52)/12 (16)
56 (77)112 (16)/5 (7)

64 (88)
31
12
21
2(3)

7(10)

47 (64)/5 (7)/21 (29)
21 (29)/34 (47)/18 (25)

6 (90)/7 (10)

4 (19)/54 (74)/5 (7)
37 (51)/32 (44)/4 (5)

8 (30)/17 (63)/2 (7)
24 (89)/2 (7)/1 (4)

16

59)

[s=ll Sl

8
3

[T

0)
1)

7 (26)/17 (63)/3 (11)
1(78)/5 (19)/1 (4)

3 (85)/4 (15)

15 (56)/12 (44)/0 (0)
8 (30)/19 (70)

EORTC-MSGERC: European Organisation for Research and Treatment of Cancer and Mycoses Study Group Education and Research Consortium, HSCT:

hematopoietic stem cell transplantation
! Including mainly corticosteroids and calcineurin inhibitors.

Table 2. Sensitivity of BDG for the diagnosis of IF and IS.

Hematologic cancer Neutropenia Fungemia No Single site
Overall Adult Pediatric Other conditions No neutropenia fungemia Disseminated
IF 56/73 (76.7) 46/56 (82.1) 48/64 (75.0 37147 (78.7) 30/37 (81.1) 10/14 (71.4)
8/12 (66.7) 5/6 (83.3 4/5 (80.0) 23/32 (71.9) 43/54 (79.6)
IS 22/27 (81.5) 20/24 (83.3) 12/16 (75.0 6/7 (85.7) 6/8 (75.0) 13/15 (86.7)
1/2 (50.0) 10/11 (90.9 14/17 (82.4) 16/19 (84.2) 9/12 (75.0)

Number of cases with positive BDG/total number of cases (sensitivity in percentage)

nificant differences (Table 2). Results were similar between
infections due Lomentospora prolificans vs. Scedosporium
apiospermum complex (80.0% and 81.2% sensitivity, respec-
tively).

The timing of BDG results could be assessed in 16 cases.
BDG positivity was found to precede IS diagnosis by cul-
ture/histopathology in 15 (94 %) cases and to be concomitant
to it in one case.

Discussion

The use of BDG testing for the diagnosis of IMI is limited glob-
ally by its modest sensitivity (50%-70%) and limited speci-
ficity (80%-90%).'5:7%:76 A meta-analysis restricted to co-
hort studies of hematologic cancer patients showed a 50%-—
60% sensitivity of the BDG test in this setting.!” Moreover,
a positive BDG cannot make the distinction between the dif-
ferent fungal pathogens. For these reasons, there is currently
a weak recommendation to support the use of BDG testing
for IMI diagnosis among patients with hematologic cancer or
other immunosuppressive conditions and BDG has been re-
moved from the mycological criteria of probable IMI in the
updated revised EORTC-MSGERC definitions.>»”*13-77 More
sensitive and more specific fungal biomarkers in serum, such
as the GM test for invasive aspergillosis and specific quan-
titative PCRs for Aspergillus or Mucorales are usually rec-
ommended.’>”>8-77-78 However, there is currently no specific
or validated assay for the diagnosis of IF or IS, although the

development of specific PCR looks to be a promising ap-
proach.'?

While the BDG test is not specific for these fungal diseases,
our meta-analysis suggests a relatively good sensitivity for the
detection of IF (77%) and IS (82%), which is actually higher
than that reported for IA (50%-60%).!” Considering a rela-
tively low incidence (i.e., 1%-2%) of these IMI in high-risk
populations, this would correspond to a negative predictive
value >99.5%.

IF and IS are extremely severe IMI that should be promptly
treated, thus requiring rapid diagnosis. While blood cultures
can detect Fusarium, Lomentospora, and Scedosporium spp.,
their yield is limited (40%, 45%, and 6%, respectively) and
the time to diagnosis is relatively long (2-3 days).'"7? It is
important to note that BDG sensitivity remained high in our
sub-analysis limited to non-fungemic cases (Table 2). More-
over, we showed that a positive BDG test preceded diagnosis
by conventional methods (culture or histopathology) in a ma-
jority of cases. Therefore, BDG testing may represent an inter-
esting diagnostic tool for the early detection of IF and IS, as
prompt recognition and management of these severe diseases
may improve their prognosis.

While the cross-reactivity of GM with Fusarium spp. is
well described,!3-3% our results indicate that GM sensitivity in
serum for IF diagnosis was only 27%. Of note, these data were
mainly derived from two case-series (Nucci et al. and Delliere
et al.) displaying very distinct results with GM sensitivity of
77% (10/13 cases) and 0% (0/10 cases), respectively.!?*3 Such
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discrepancies might be related to the type of Fusarium spp.
with better GM sensitivity in studies where E solani predom-
inates and lower sensitivity when there is a majority of other
Fusarium spp.'2>13:*3 Of note, we did not observe a lower sen-
sitivity of BDG among the non-solani Fusarium spp. in the
present meta-analysis although their number was limited.

Although IF and IS represent the most frequent IMI af-
ter invasive aspergillosis and mucormycosis, other pathogenic
molds (e.g., other hyalohyphomycetes, dematiaceous fungi)
may be considered in case of a positive BDG result.>* We could
not assess the sensitivity of BDG for the detection of these rare
molds because of the paucity of data. Some data suggest that
BDG testing may also be useful for the diagnosis of endemic
mycoses, such as histoplasmosis.®’

Some limitations of the present study should be outlined.
First, the majority of the included publications consisted of
single case reports, which may not be representative of the
usual epidemiology and clinical presentation of these diseases.
Inclusion of more severe and mostly proven IF or IS cases may
have overestimated the sensitivity of BDG in this setting, but
limits the uncertainty related to probable cases. Second, for
IF, two cohort studies accounted for about one-third of cases
(23/72),'* which may also represent a bias. Third, the qual-
ity of the selected publications is hampered by the use of di-
verse BDG kits with some lack of precision about the type of
test or the quantitative results in some of them. Fourth, re-
sults of sub-analyses in different subgroups of patient should
be interpreted cautiously (e.g., pediatric population) because
of the small number of cases. Fifth, while ongoing antifungal
prophylaxis may alter BDG sensitivity,*® its impact could not
be assessed in the present study because these data were lack-
ing in about half of cases and only few of the remaining cases
had received anti-mold prophylaxis. Sixth, while we could de-
termine that BDG positivity preceded the diagnosis of proven
IF or IS by culture or histopathology in a majority of cases, the
information about the exact difference (i.e., number of days
between first positive BDG result and culture/histopathology)
was available for few of them. Moreover, these results may
be biased by the fact that BDG was performed upon clinical
suspicion and not as a screening strategy in most cases. Fi-
nally, the available dataset did not allow us to draw any con-
clusion about the specificity of BDG in this setting. Only one
study reported data of BDG specificity for IF diagnosis using
a small number (N = 13) of matched controls (same under-
lying conditions and no criteria of invasive fungal disease).*?
In this study, the specificity was 54%, which would result in
a positive predictive value of only 5% considering the inci-
dence of IF in this center. Important variations of BDG speci-
ficity have been reported across studies, which may be related
to the type of patients’ underlying conditions, the use of anti-
fungal prophylaxis, and also possibly the handling of samples
in the laboratory.’>:8! A meta-analysis restricted to cohorts of
adult hematologic cancer patients suggested an overall BDG
specificity of about 90%, which could be increased to 99%
with the requirement of two consecutive positive tests.!” How-
ever, specificity of BDG was shown to be lower (50%-70%) in
non-hematologic cancer patients (e.g., solid-organ transplant
recipients) or in children/neonates.%?-83

In conclusion, this systematic review and meta-analysis pro-
vides the largest dataset about the sensitivity of BDG testing
in serum for the diagnosis of IF and IS. The good sensitivity
suggests a high negative predictive value for these rare mold
infections, although this should be interpreted cautiously in

the local epidemiological context and according to the level
of clinical suspicion (pre-test probability). There is more con-
cern about the specificity and positive predictive value, in par-
ticular, when the test is used in non-hematologic patients or as
a screening test in high-risk hematologic patients. Therefore,
BDG testing might be considered as an adjunctive diagnostic
tool to rule out IF/IS in patients with low clinical suspicion
or to guide antifungal therapy in patients with moderate/high
clinical suspicion. Combining GM and BDG may also be use-
ful for the distinction between different types of IMI (i.e., in-
vasive aspergillosis, mucormycosis or other IMI such as IF or
IS).

Supplementary material

Supplementary material is available at Medical Mycology on-
line.
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