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Abstract Detection of the fungal cell wall component beta-
glucan (BG) in serum is increasingly used to diagnose inva-
sive fungal infections (IFI), but its optimal use in hematology
patients with high risk of IFI is not well defined. We retro-
spectively analyzed the diagnostic accuracy, optimal cut-off
level, and potential confounding factors of BG reactivity. The
inclusion criteria were: adult patients with hematologic dis-
ease who were admitted to the hematology ward during the
2-year study period and who had two or more consecutive BG
assays performed. In total, 127 patients were enrolled. Thir-
teen patients with proven or probable IFI, as defined by the
2008 European Organization for Research and Treatment of
Cancer/Mycoses Study Group (EORTC/MSG) criteria, were
identified. Receiver operating characteristic (ROC) curve
analysis showed a high overall diagnostic performance (area
under the ROC curve=0.98) and suggested an optimal cut-off
level of 158 pg/ml, with a sensitivity and a specificity of 92 %
and 96 %, respectively. Multiway analysis of variance indicat-
ed that treatment with pegylated asparaginase (p<0.001), ad-
mission to the intensive care unit (ICU; p=0.0007), and treat-
ment with albumin, plasma, or coagulation factors (p=0.01)
are potential confounding factors of BG reactivity. We pro-
pose that a higher cut-off level than that recommended by the
manufacturer should be used to monitor adult hematology
patients at high risk for IFI. Our results also suggest that ele-
vated BG levels in patients treated with pegylated
asparaginase, albumin, plasma, or coagulation factors, or
those admitted to the ICU should be interpreted with caution.
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Introduction

The incidence of invasive fungal infections (IFI) among adult
high-risk hematology patients, i.e., patients with acute leuke-
mia and/or allogeneic hematopoietic stem cell transplant re-
cipients, ranges from 5 to 19 % [1-5], which makes this group
of patients one of the most susceptible to contracting this type
of infection. IFI in hematology patients is associated with high
morbidity and mortality, and early diagnosis and treatment is
crucial for a positive outcome [6, 7]. The problem is that the
gold standard for diagnosis of IFL, identification of fungi by
culture or histopathology, is limited by the low sensitivity of
cultivation [8-10] and by the invasive technique needed to
obtain tissue from a sterile site, a procedure that may be risky
in these frequently thrombocytopenic patients.

The polysaccharide 1,3-3-D-glucan (beta-glucan; BG) is a
component of the cell wall of fungi that can be detected in the
sera of patients with IFI. The detection of BG in serum was
included as a mycological factor for probable IFI in the re-
vised diagnostic criteria of the European Organization for Re-
search and Treatment of Cancer/Mycoses Study Group
(EORTC/MSG) in 2008 [11]. Despite this, no recommenda-
tions have been formulated regarding the optimal cut-off
levels or the number of measurements required for a positive
test, which was also commented in the last recommendations
on the diagnosis of IFI from the European Conference on
Infections in Leukemia (ECIL) [12].

Previous studies have examined systematic BG screening
in high-risk patients in hematological settings [13—16]. How-
ever, these studies are quite diverse as to the characteristics of
the patient populations and control groups, sampling proto-
cols, types of fungi included, and definitions of true-positive
IFI (i.e., inclusion or exclusion of possible IFT), and the results
are not readily comparable. Furthermore, the cut-off level for
the BG Glucatell/Fungitell® assay recommended by the
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manufacturer was established based on two studies mainly
involving non-neutropenic patients [15, 17]. A meta-analysis
of the performance of the BG assay for the diagnosis of IFI in
six cohorts of patients with hematological malignancies re-
vealed that two consecutive positive samples determined ac-
cording to the manufacturer’s cut-off level had high specificity
(99 %) but low sensitivity (50 %) [18].

Another issue that complicates the interpretation of BG
findings in the hematologic setting is the occurrence of posi-
tive reactions of BG in the absence of IFI, referred to here as
“confounding factors of BG reactivity”. This may be due to
reaction of the assay with glucans derived from a different
source than invasive fungal elements, such as plants or bacte-
ria [19] or products contaminated with fungal elements. Fac-
tors that are commonly described as potential confounding
factors of BG reactivity include: intravenous antibiotics [20,
21], immunoglobulin, albumin, and coagulation factors
[22-26], possibly due to contamination with fungal elements
or contamination with BG derived from cellulose-filters used
in the manufacturing process; bacteremia [27, 28]; surgical
gauzes [29, 30]; and hemodialysis using cellulose-containing
dialyzer membranes [31-33]. However, other studies investi-
gating positive reactions in the absence of IFI present contra-
dictory results [34-37].

The aims of this retrospective cohort analysis were to eval-
uate the diagnostic performance and optimal cut-off level of
the BG assay and potential confounding factors of BG reac-
tivity in the serum of high-risk adult patients with hematologic
malignancies and allogeneic hematopoietic stem cell trans-
plant recipients.

Materials and methods
Study design, patient enrollment, and assessment of IFI

All adult patients with hematologic malignancies or undergo-
ing hematopoietic allogeneic stem cell transplantation, admit-
ted to the Department of Hematology at Sahlgrenska Univer-
sity Hospital, Goteborg, Sweden, during the period 2009—
2011 were screened for IFI by serum BG testing once to twice
a week as a clinical routine. We retrospectively enrolled those
patients that had at least two consecutive BG assays per-
formed during this period. The complete medical journals
were reviewed by an infectious disease specialist (H.H.), and
assessment of IFI was performed based on the revised 2008
EORTC/MSG criteria [11], modified to exclude BG as a my-
cological criterion and categorized as proven, probable, pos-
sible, or no IFI. The BG results were available to the reader at
the time of IFI assessment. Patients with proven or probable
IFT were considered true-positive cases of IFI. Patients with
possible IFT were excluded from the subsequent analysis. The
remaining patients were considered true-negative cases of IFI.
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True-positive and true-negative patients were used to assess
diagnostic performance. A subgroup analysis was done to
investigate potential confounding factors of BG reactivity
amongst patients without IFI. This subgroup consisted of pa-
tients from the true-negative group as described above who
had at least one BG value above the detection level of 50 pg/
ml. Figure 1 gives an overview of the patient selection
procedure.

BG test

The Glucatell assay kit was used for measuring the levels of
BG in serum samples. The serum samples were immediately
frozen at —20 °C at the laboratory of Clinical Microbiology at
Sahlgrenska University Hospital. The analyses were then suc-
cessively performed by two certified laboratory technicians
who were blinded to the clinical data of the patients. The sera
were pretreated with heat at 75 °C for 10 min and analyzed in
duplicate according to the manufacturer’s instructions. The

Adult hematologic patients at Sahlgrenska
University Hospital with > 2 consecutive
BG tests performed Oct 2009 — Oct 2011

127
patients
. proven or
posszf[e IFT probable IFT* 1o \L]FI
18 patients 13 annents 96 paglents

\[ __________ :

|

At least one
BG = 50 pg/ml

Excluded from
statistical analyses

59 patients
B

A. Included in the analysis of diagnostic performance
B. Included in the subgroup analysis of confounding
factors

Fig. 1 Patient selection procedure. BG beta-glucan. *According to the
2008 European Organization for Research and Treatment of Cancer/
Mycoses Study Group (EORTC/MSG) criteria modified to exclude BG
as a mycological criterion
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laboratory is accredited by the Swedish Board for Accredita-
tion and Conformity Assessment (SWEDAC) in accordance
with International Standard ISO 15189:2007. The test results
were reported as numerical values between the lowest and
highest levels of detection of 50 and 400 pg/ml, respectively.

Data collection and statistical analyses

Due to the non-systematic BG testing in this retrospective
study, the time intervals of test sampling differed some-
what between the patients. To overcome this, a mean BG
value for each patient was used for the statistical analyses
of BG diagnostic performance. To calculate the mean
values, we used: for the no IFI group, the values of all
performed BG tests during the study period; for the IFI
group, the values of all performed BG tests during a
predefined time period of one week before and one week
after fulfilment of EORTC/MSG criteria (1-3 samples),
representing the period of IFI diagnosis. BG levels in
patients with and without IFI were compared by the
Mann—Whitney test. A receiver operating characteristic
(ROC) curve, based on the mean BG values, was gener-
ated to assess the overall diagnostic performance using
GraphPad Prism 5.01 software (GraphPad Software Inc.).
The sensitivity, specificity, and positive and negative pre-
dictive values (PPV and NPV, respectively) at different
cut-off levels for BG were calculated by ordinary two-
by-two tables in order to find an optimal cut-off level
for this BG assay. All mean BG values in the dataset of
the ROC curve analysis were used as possible cut-off
levels. The PPV and NPV at the optimal cut-off level
obtained from our previous calculation were compared in
scenarios of different IFI prevalence and in scenarios of
one single BG value versus two consecutive BG values as
the cut-off. BG samples with a maximum interval of
14 days were considered to be consecutive samples. To
enable mathematical calculations, the highest and lowest
detectable levels of the Glucatell assay kit at our labora-
tory were converted from <50 and >400 pg/ml to 50 and
450 pg/ml, respectively. In the subgroup analysis, the
medical records of patients with no IFI but with at least
one sample with detectable BG levels were analyzed and
the presence or absence of specific variables, previously
described as potential confounding factors of BG reactivi-
ty, were recorded at each BG sampling time. The statisti-
cal analysis was carried out in two steps. First, each var-
iable was analyzed by bivariate analysis of variance in-
cluding the mean BG level and study subject as factors.
Those variables showing a significant difference in the
mean BG level in this first calculation were then included
in the second calculation, where multiway analysis of var-
iance was used. A p-value <0.05 was considered statisti-
cally significant.

Results
Patients and BG levels

In total, 127 patients who had at least two consecutive BG
assays performed during the study period were enrolled in
the study. The demographic data and baseline diagnoses
are shown in Table 1. Fungal prophylaxis was given as
follows: fluconazole to all allogeneic stem cell transplant
recipients during the first 3 months, and fluconazole or
posaconazole to all other patients according to the doctor’s
discretion. As shown in Table 2, 13 cases of proven or
probable IFI, representing true-positive cases, were found.
Eighteen cases of possible IFI were excluded from the
subsequent analyses. The remaining 96 patients with no
IFI were considered true-negative cases. Twelve out of
the 13 true cases of IFI had a mean BG level considerably
higher than the 80 pg/ml cut-off value recommended by
the manufacturer at the time point of diagnosis, as well as
during the 2 weeks following diagnosis. The single case
with BG levels below the cut-off was a case of
MUucormycosis.

Reliability and optimal cut-off level for BG in the diagnosis
of IFI

To evaluate the overall diagnostic performance and the optimal
cut-off of BG in a hematologic population, we performed an
ROC curve analysis and evaluated the sensitivity, specificity,
PPV, and NPV at different cut-off levels for BG, using a mean
BG value for each patient. As described above, these calculations
were based on 13 true-positive and 96 true-negative patients,
giving a prevalence of IFI in this study group of 12 %. The
median value and interquartile range for BG was 273 (242—
450) pg/ml in the IFT group and 51.8 (50-66.1) pg/ml in the
no-IFI group. This gave a significant difference in median BG
levels, p<0.001 (Fig. 2a). As shown in Fig. 2b, the overall diag-
nostic performance of BG in this setting was very high, with an
area under the ROC curve of 0.979 [95 % confidence interval
(CI)=0.944-1.0]. The sensitivity, specificity, PPV, and NPV
with 95 % CI at some different cut-off levels for the BG test
are presented in Table 3. The optimal cut-off level, with the
corresponding highest sensitivity and specificity, was 158 pg/
ml. The PPV and NPV at this cut-off level were 0.75 and 0.99,
respectively.

Predictive values at different IFI prevalences and with two
consecutive BG samples

Since predictive values depend on the prevalence of the dis-
ease in question, we also wanted to assess the predictive
values of the BG assay in scenarios with different possible
IFT prevalence rates. Furthermore, it is recommended that
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Table 1 Baseline characteristics

of the study patients All patients Subgroup analysis of possible
confounding factors
Patients, n 127 59
Underlying disease, n
Acute myeloid leukemia (alloHSCT) 55 (30) 23 (16)
Myelodysplastic syndrome (alloHSCT) 8(7) 7 (6)
Acute lymphoblastic leukemia (alloHSCT, NOPHO) 22 (5, 10) 10(2,7)
Aplastic anemia (alloHSCT) 5(5) 0 (0)
ﬁ”oHtSC r agoginelc " Malignant lymphoma (alloHSCT, NOPHO) 112, 1) 8(0, 1)
ematopoietic stem ce ) . .
transplantation, NOPHO Chro'nlc lymphocytic leukemia (alloHSCT) 8(7) 1(1)
chemotherapy protocol of the Multiple myeloma 4 2
Nordic Society of Paediatric Other (alloHSCT) 14 9) 8(5)
Haematology and Oncology .
M 17— 52 (18-76
modified for the treatment of edian age, years (raI:ge) 53 A7-79) (18-76)
acute lymphoblastic leukemia in Gender, male/female, % 61/39 54/46
patients <45 years old, which Serum samples, n 1,392 677
incorporates pegylated Median serum samples per patient, 7 (min—max) 9 (2-44) 10 (2-42)
asparaginase

two or more consecutive serum samples should be used to
increase the diagnostic accuracy of the BG test [13, 15, 38].
We, therefore, also calculated the PPV and NPV comparing a
single BG value above 158 pg/ml and two consecutive BG
values above 158 pg/ml at different prevalence rates of IFI.
Eight out of 109 patients did not have two consecutive
BG tests performed during the defined IFI period and
were excluded from this analysis. Table 4 shows the
PPV and NPV in scenarios with different hypothetical
IFI prevalences and when using different strategies of

Table 2 Clinical data of patients with proven or probable IFI

BG testing to define IFI. The PPV at the 12 % prevalence
found in our study group did not differ markedly when
using the mean BG value or two consecutive BG tests to
define IFI (0.75 and 0.71, respectively). However, when
using only one BG test to define IFI, the PPV was only
0.33. With two consecutive BG tests and at a hypothetical
IFI prevalence of 20 %, the PPV was increased to 0.82,
while it was decreased to 0.49 at a 5 % IFI prevalence.
The NPV remained high (between 0.96 and 0.99), regard-
less of IFI prevalence or strategy for BG testing.

IF1 Patient Underlying Site infected Microorganism (mycological criteria) Mean BG level (pg/ml) at diagnosis
category” condition (no. of samples)®
Proven 1 AML Blood C. albicans (blood culture) 273 (3)
2 AML Blood, spleen C. dubliniensis (blood culture) 290 (2)
3 AML Blood, lungs C. dubliniensis (blood culture) 159 (1)
4 AML, alloHSCT Liver, lungs Mold, NOS (histology liver biopsy) 233 (2)
5 AA, alloHSCT  Lungs A. fumigatus and A. versicolor (culture lung biopsy) 450 (2)
6 AA, alloHSCT  Lungs A. fumigatus (culture pleural fluid) 450 (3)
7 alloHSCT Skin Rhizomucor pusillus (histology skin biopsy) 67 (2)
Probable 8 AA, alloHSCT  Sinus A. fumigatus (culture sinus aspirate) 257 (2)
9 MDS, alloHSCT Lungs, brain, kidney A. fumigatus (culture BAL) 450 (2)
10 ALL, alloHSCT Lungs A. fumigatus (culture BAL) 251 (2)
11 ALL Lungs Aspergillus spp. (galactomannan) 258 (2)
12 alloHSCT Lungs Aspergillus spp. (galactomannan) 450 (2)
13 ALL, alloHSCT Lungs Preumocystis jirovecii (IF BAL) 450 (1)

BG beta-glucan, IFT invasive fungal infection, AML acute myeloid leukemia, a/loHSCT allogeneic hematopoietic stem cell transplantation, NOS not
otherwise specified, A4 aplastic anemia, ALL acute lymphoblastic leukemia, BAL broncheoalveolar lavage fluid, /F" immunofluorescence

 According to the 2008 EORTC/MSG criteria, modified to exclude BG as a mycological criterion

® All BG tests performed during the period of 1 week before and 1 week after fulfilment of EORTC/MSG criteria were used to calculate the mean. BG
>400 pg/ml was converted to 450 pg/ml to enable mathematical calculations
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Fig. 2 Diagnostic performance of beta-glucan (BG). a Serum BG levels
in patients with proven or probable invasive fungal infection (IFT) and
without IFI. Each dot indicates the mean BG level for each patient and the
horizontal lines represent the median BG value. The groups were
compared using the Mann—Whitney test. b Receiver operating
characteristic (ROC) curve analysis of serum BG levels for the

Confounding factors of BG reactivity

We conducted a subgroup analysis of 59 patients with no IFI
but with at least one sample with BG above the lowest detec-
tion limit of 50 pg/ml. This resulted in 677 BG samples. The
majority of the samples (93 %) had BG levels below the new
suggested cut-off level of 158 pg/ml. The mean BG levels
were significantly higher among patients with the following
three variables present: admission to the intensive care unit
(ICU); treatment with blood products, such as plasma, albu-
min, or coagulation factors; and treatment with the chemother-
apeutic drug pegylated asparaginase (Table 5).

0.8

0.6

0.4

0.2

0.0 T T T T 1

O I

b 1 - Specificity
diagnosis of IFI. A mean BG level for each patient was used in the
analysis. The 2008 EORTC/MSG criteria, modified to exclude BG as a
mycological criterion, were used to establish IFI diagnosis. The mean
values of the BG assays performed in a 2-week window of positive

diagnosis were used for the IFI group (»=13). The mean values of all
performed BG assays were used for the no IFI group (n=96)

Discussion

In this study, all 13 patients with proven or probable IFI had
BG values that were considerably higher than the 80 pg/ml
cut-off level recommended by the manufacturer, except for the
one case of mucormycosis, which is known to be associated
with no or low levels of BG [39]. The lack of false-negative
cases further supports the use of BG as a diagnostic or screen-
ing tool for IFI in the hematologic setting. The overall diag-
nostic performance for the BG test in the present study setting
(presented as the area under the ROC curve) was very high,
and, to our knowledge, the highest shown in any study,

Table 3  Sensitivity, specificity, and positive and negative predictive values for the diagnosis of invasive fungal infections at different cut-off levels of

BG

BG cut-off level” Sensitivity % Specificity % PPV NPV (95 % CI)
(pg/ml) (95 % CI) 95 % CI) (95 % CI)

>50 100 (75-100) 41 (31-51) 0.19 (0.1-0.3) 1(0.91-1)

>80 92 (64-100) 89 (80-94) 0.52 (0.31-0.73) 0.99 (0.94-1)
>103 92 (64-100) 93 (86-97) 0.63 (0.38-0.84) 0.99 (0.94-1)
>133 92 (64-100) 94 (87-98) 0.67 (0.41-0.87) 0.99 (0.94-1)
>151 92 (64-100) 95 (88-98) 0.71 (0.44-0.9) 0.99 (0.94-1)
>158 92 (64-100) 96 (90-99) 0.75 (0.47-0.93) 0.99 (0.94-1)
>167 85 (55-98) 96 (90-99) 0.73 (0.45-0.92) 0.98 (0.93-1)
>196 85 (55-98) 99 (94-100) 0.92 (0.62-1) 0.98 (0.93-1)
>242 77 (46-95) 100 (96-100) 1(0.7-1) 0.97 (0.91-0.99)
>265 54 (25-81) 100 (96-100) 1(0.6-1) 0.94 (0.88-0.98)
>370 39 (14-68) 100 (96-100) 1(0.48-1) 0.92 (0.85-0.97)

BG beta-glucan, CI confidence interval, PPV positive predictive value, NP} negative predictive value

* A mean BG level for each patient was used in the analysis, and all mean BG values present in the dataset were used as possible cut-off levels. Some of

these cut-off levels, arbitrarily chosen to represent a large range of values, are shown in this table
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Table 4  Positive and negative predictive values at different hypothetical
IFI prevalence rates and with different strategies for BG testing, based on
the previously suggested optimal cut-off level of 158 pg/ml

Hypothetical ~Strategy for BG testing to define IFI (pg/ml)
prevalence
of IFI Mean BG >158*  One BG >158"  Two consecutive
BG >158°

PPV NPV PPV NPV PPV NPV
5% 0.54 1.0 0.16 0.99 0.49 0.99
8% 0.66 0.99 0.24 0.99 0.62 0.99
12% 0.75 0.99 0.33 0.99 0.71 0.98
15% 0.80 0.99 0.39 0.98 0.77 0.97
20 % 0.85 0.98 0.48 0.98 0.82 0.96

IFI invasive fungal infection, BG beta-glucan, PPV positive predictive
value, NPV negative predictive value

TFI defined by the mean BG levels: for patients with IFI, the mean value of
the BG assays performed in a 2-week window of positive diagnosis (1-3
samples); for patients with no IF1, the mean value of all performed BG assays

°IFI defined by one BG sample

°IFI defined by two consecutive BG samples with a maximum interval of
14 days

9The prevalence of IFI found in our study group

Table 5  Possible confounding factors of BG reactivity

including the recent meta-analysis of Lamoth et al. [18]. Pre-
vious studies on the diagnostic performance of BG show di-
verging results, with sensitivities and specificities for the rec-
ommended 80 pg/ml cut-off level ranging from 60 to 100 %
and 45 to 95 %, respectively [13, 14, 17, 40-43]. Differences
in the characteristics of the patient populations and the control
groups, sampling protocols, types of fungi included, and def-
initions of true-positive IFI, i.e., inclusion or exclusion of pos-
sible IFI, may explain the diverse results. Furthermore, the
occurrence of environmental laboratory contamination as a
possible reason for BG reactivity may also differ in different
study settings. The low number of IFI cases and the fact that
the clinicians and the reader of the reference standard were not
blinded to the BG test result are limitations that must be con-
sidered when interpreting the results on the diagnostic perfor-
mance of BG testing presented in this study.

Our results showed that, by raising the cut-off level of BG
from 80 to 158 pg/ml, the specificity of the test was improved,
without loss of sensitivity. At a prevalence of IFI of 12 %
found in our study group, the PPV at the recommended cut-
off level of 80 pg/ml was 0.52, whereas it increased to 0.75
when a cut-off level of 158 pg/ml was used. If using the BG
test with a cut-off level of 158 pg/ml in a scenario of 20 % IFI

f

Variable at the time Variable present Variable absent p-Value
of BG sampling®

Frequency (no. Mean BG level, Frequency (no. of Mean BG level, pg/ml

of sampling episodes) pg/ml (95 % CI) sampling episodes) (95 % CI)
Fungal mucosal colonization” 63 86.1 (63.8-108) 400 76.2 (69.0-83.4) ns
Bacteremia® 15 70.6 (31.3-110) 662 72.3 (67.3-77.4) ns
Admitted to ICU 9 196 (86.1-306) 668 70.6 (65.8-75.4) 0.0007
Dialysis 9 78.3 (20.4-136) 668 72.2 (67.1-71.2) ns
Intravenous immunoglobulins® 9 177 (61.1-293) 668 70.9 (66.0-75.7) ns
Plasma, coagulation factors, or albumin’ 16 159 (85.7-232) 661 70.1 (65.4-74.9) 0.0145
Total parenteral nutrition® 119 79.8 (66.2-93.4) 558 70.7 (65.3-76.0) ns
Intravenous antibiotics of any kind" 184 75.7 (64.9-86.4) 493 71.0 (65.4-76.6) ns
Piperacillinftazobactamh 22 65.5 (44.9-86.2) 655 72.5 (67.4-77.6) ns
Meropenemh 107 70.1 (57.1-83.2) 570 72.7 (67.3-78.1) ns
Ceftazidime" 20 106 (52.7-160) 657 71.2 (66.3-76.1) ns
Vancomycinh 45 68.4 (52.9-83.9) 632 72.5 (67.3-77.8) ns
Pegylated asparaginase' 85 118 (93.0-142) 592 65.7 (61.5-70.0) <0.0001

BG beta-glucan, CI confidence interval

#Total no. of BG sampling episodes=677. No. of patients=59

® Positive fungal culture at two or more sites

€ Growth of bacteria in blood (only one strain in at least two samples) within 1 day from BG sampling

4 Continuous renal replacement therapy

Number of days prior to BG sampling during which presence of the specified variable was assessed: 97, ©30, 77,22, "1, and 1 60

T Statistical significance was calculated using bivariate analysis of variance for each factor and each individual, followed by multiway analysis of variance
on those factors with significance in the first step. p-value <0.05 was considered statistically significant
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prevalence, the PPV would increase to 0.85, while it would be
only 0.54 in a setting with a low IFI prevalence of 5 %. The
NPV was high at all cut-off levels and at the different putative
prevalence rates of IFI. Previous studies evaluating diagnostic
performance at similar cut-off levels of around 150-200 pg/ml
in hematologic patients also show high specificities, but con-
siderably lower sensitivities, ranging from 45 to 89 % [16, 44,
45].

It has previously been suggested that, when using BG for
the diagnosis of IFI, more than one positive sample increases
the diagnostic performance of the assay [13, 15, 38]. In anal-
ogy to the findings of Odabasi et al. [15], we found a signif-
icantly increased PPV and a remaining high NPV when using
two consecutive BG levels rather than a single BG level as the
cut-off. In contrast, Racil et al. [38] and Ellis et al. [13] showed
only a slight increase in the PPV at a low cut-off level (60 pg/
ml), but no increase in the PPV at a higher cut-off level
(100 pg/ml) when comparing a single sample with two con-
secutive samples. With the strategy of using only one positive
BG test as the cut-off, the PPV did not reach values above
0.48, despite a relatively high hypothetical IFI prevalence of
20 %.

False-positive BG tests are a well-known difficulty when
evaluating BG findings. We found a significantly higher mean
BG level in serum samples collected from patients with acute
lymphoblastic leukemia who were treated with the chemother-
apeutic drug pegylated asparaginase. To our knowledge, this
has not been shown in any previous study. This might be
explained by bilirubinemia or triglyceridemia, which are
known side-effects of pegylated asparaginase treatment
[46-48], and may interfere with BG reactivity [49]. In agree-
ment with other studies [23, 26, 27], we also found that pa-
tients admitted to the ICU and patients that had recently re-
ceived treatment with plasma, albumin, or coagulation factors
had significantly higher BG levels than patients not admitted
to the ICU and patients not having received such treatments.
Several possible reasons for positive BG tests in patients ad-
mitted to the ICU may be proposed, one being the exposure to
cellulose-containing filters in mechanical ventilators. Howev-
er, further studies addressing this issue are warranted.

Similarly to other studies rejecting the previously proposed
correlation between intravenously administered antibiotics
and false-positive BG levels [20, 34], we did not find any
significant correlation between high BG levels and treatment
with any kind of intravenous antibiotics. This may be due to
improved manufacturing of antibiotics, and, presumably, re-
jection of lots containing high levels of fungal cell wall com-
ponents. Mennink-Kersten et al. [28] suggested that bacter-
emia gives rise to elevated BG levels, which has not been
confirmed by others [36, 37], nor by us. Furthermore, al-
though other studies have shown BG reactivity as a result of
ongoing dialysis with cellulose filters [31-33], we found no
such association.

To conclude, we found that BG testing had high overall
diagnostic performance for the diagnosis of IFI in adult hema-
tologic patients at high risk for infection if two consecutive
serum samples and a higher cut-off level than that recom-
mended by the manufacturer is used. A novel finding was that
treatment with pegylated asparaginase gives rise to positive
BG tests in the absence of IFL.
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