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The Fungitell assay for (1,3)�-D-glucan (BG) detection in serum has been evaluated in patients with invasive
fungal infections (IFIs) and healthy controls and for the early diagnosis of IFI in cancer patients. We evaluated
the BG assay for the detection of IFI in lung transplant recipients. Serial serum samples were prospectively
collected from patients undergoing lung transplants at Duke Hospital. Fungal infections were classified
according to revised European Organization for Research and Treatment of Cancer/Mycoses Study Group
criteria. A receiver operator characteristic (ROC) curve was generated; possible causes for false-positive and
false-negative tests were investigated by linear regression analysis. Seven hundred fifty-six serum specimens
from 59 subjects without IFI and 41 specimens from 14 patients with proven or probable IFI were tested. The
area under the ROC curve was 0.69. Based on a 60-pg/ml positive cutoff, per-patient sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) were 64%, 9%, 14%, and 50%, respectively;
per-test estimates were 71%, 59%, 9%, and 97%, respectively. The majority (92%) of patients not diagnosed with
an IFI had at least one BG level of >60 pg/ml, and 90% had at least one BG level of >80 pg/ml. Respiratory
colonization with mold and hemodialysis significantly affected mean BG levels. In conclusion, the accuracy of
the BG test is marginal and its utility as a tool for the early diagnosis of IFI is questionable in the lung
transplant population. Although the NPV of the BG test is high, the low PPV limits its utility as a screening
tool for early diagnosis of IFI.

Lung transplant recipients are at relatively high risk for
developing invasive fungal infections (IFIs). A recent national
surveillance program reported the 1-year cumulative incidence
of IFIs in lung transplant recipients to be 8.6%. The most
common invasive fungal pathogen was Aspergillus species, re-
sponsible for 44% (109/248) of IFIs, followed by Candida
(23%) and non-Aspergillus molds (20%) (11). Unfortunately,
fungal infections are associated with high mortality, which is in
part related to delayed or missed diagnoses owing to the lack
of sensitive, noninvasive diagnostic tests.

(1,3)�-D-Glucan (BG) is a cell wall constituent of many
pathogenic fungi, including Aspergillus, Candida, and Pneumo-
cystis, and is detectable in patient serum during invasive dis-
ease caused by these fungi. It is also detectable in patients with
infections caused by species of Fusarium, Trichosporon, Sac-
charomyces, and Acremonium (14). The BG assay (Fungitell;
Associates of Cape Cod, Falmouth, MA) was approved by the
U.S. Food and Drug Administration (FDA) for the qualitative
detection of BG in the serum of patients with symptoms of or
medical conditions predisposing to IFIs and as an aid in the
diagnosis of deep-seated mycoses and fungemia. The assay has
been evaluated in a multicenter study of patients with IFIs that
included healthy controls (10) as well as for the early diagnosis
of IFIs in patients with hematologic malignancies (9, 12).

However, the BG assay has not been extensively evaluated in
the solid-organ transplant populations. (1,3)�-D-Glucan is
known to be ubiquitous in the environment, and poor speci-
men handling, hemodialysis with certain cellulose membranes,
exposure to surgical packing, bacteremia, and recent receipt of
albumin, immunoglobulin products, or intravenous therapy
with a beta-lactam/inhibitor combination may cause false-pos-
itive test results (5–8, 13). Many of these potential confounders
of BG are present in the lung transplant population. There-
fore, we conducted this study to assess the performance of the
BG assay for the detection of IFIs by serial testing in the lung
transplant population.

MATERIALS AND METHODS

The study was conducted in accordance with U.S. good clinical practice reg-
ulations and guidelines and was reviewed and approved by the Duke University
Health Systems Institutional Review Board and the NIAID Data Safety and
Monitoring Board. Written informed consent was obtained from all patients
prior to enrollment.

Study population, specimen collection, and definitions. Patients awaiting lung
transplantation at Duke Hospital and weighing �15 kg were eligible to partici-
pate. After informed consent, a medical history, including information regarding
prior fungal infections and fungal colonization, and demographic data were
recorded. Blood samples were collected before transplantation when possible
and then twice weekly during the transplant hospitalization. Following discharge
from the hospital, weekly samples were collected through posttransplant day 30,
twice-monthly samples were collected through day 90, and monthly samples were
collected through day 180 posttransplant. For patients receiving treatment for
acute rejection after lung transplant, blood was collected twice weekly during the
treatment hospitalization and weekly samples were collected for 90 days follow-
ing discharge from the hospital. With each specimen collected, clinical condi-
tions, including medications, comorbid conditions, and presence of any IFIs,
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including fungal culture data, fungal serology (i.e., cryptococcal serum antigen
test), and radiologic investigations, were recorded.

Specimens were processed within 6 h of collection, and serum was stored at
�70°C until batch testing was performed. In accordance with the manufacturer’s
instructions, all samples were analyzed in triplicate and the mean was assigned as
the final result for the specimen. In cases where one of the three replicate results
was discrepant, the discrepant result was masked, provided that the other two
replicate results had a coefficient of variation (CV) of �20%. If the CV for
duplicate replicates was greater than 20%, the sample was retested. Assay results
were not reported to treating clinicians.

Standard management following the transplant procedure included surveil-
lance bronchoscopies with transbronchial biopsy specimens which were submit-
ted for culture (including fungal) at 2 to 4 and 6 to 12 weeks and 6, 9, and 12
months posttransplant. Bronchoscopy was also performed for any patient with an
unexplained �20% decline in forced expiratory volume in 1 s, new chest X-ray
infiltrate, or hypoxia. Standard prophylaxis included aerosolized amphotericin B
lipid complex until hospital discharge.

Invasive fungal infections were classified according to the revised European
Organization for Research and Treatment of Cancer/Mycoses Study Group
(EORTC/MSG) criteria (modified to exclude BG detection as a microbiologic
criterion for IFI) (4) and with two investigators reviewing cases but blinded to
BG assay results. To enhance the robustness of the analysis, only patients with
proven or probable IFIs were evaluated as cases. Patients with proven or prob-
able IFIs must have had serum samples collected within 14 days before or 14 days
after the diagnosis (a 28-day diagnostic window). A patient without clinical
evidence of IFI was defined as a patient who did not develop proven, probable,
or possible IFI.

Statistical analysis. Descriptive statistics performed on the data set included
measures of central tendency and spread for continuous variables and percent-
ages and frequencies for categorical variables. Fisher’s exact (categorical vari-
ables) and Mann-Whitney (continuous variables) tests were used to compare
demographics based on IFI status. Samples from patients without IFIs and
samples collected within the 28-day IFI diagnostic window from patients with
proven or probable IFI were used to assess performance. A receiver operator
characteristic (ROC) curve was used to visually illustrate the impact of shifting
the positive cutoff value on true-positive (sensitivity [SN]) and false-positive (1 �
specificity [SP]) rates. Sensitivity and specificity were analyzed both by samples
and by patients tested.

Linear regression analysis was used to assess possible causes for false-positive
and false-negative test results. Predictive variables used for false-positive tests
included timing (day) of sample collection post-transplant surgery as well as
renal replacement therapy, respiratory colonization with mold, bacterial blood-
stream infection, and receipt of a beta-lactam antibiotic (piperacillin-tazobac-
tam, ampicillin-sulbactam, or amoxicillin-clavulanate) within 7 days of sample
collection. Systemic antifungal therapy within 7 days of sample collection was
assessed as a possible cause of false-negative test results. Conservative estimates
for P values were calculated by clustering the regression by patient to account for
the multiple values of BG obtained from each individual patient. Statistical
analyses were performed using STATA 10 (College Station, TX).

RESULTS

Cohort. Between August 2004 and March 2006, 79 of 116
consecutively screened eligible subjects were enrolled as study
participants prior to undergoing lung transplantation. Six sub-
jects were excluded from analysis owing to death prior to
specimen collection (one), icteric samples (one), possible in-
vasive aspergillosis (three), and no sample collection within the
28-day IFI diagnostic window (one). Therefore, 797 total spec-
imens from 73 total patients, including 756 specimens from 59
subjects without IFIs and 41 samples from 14 patients with
IFIs, were used to evaluate the BG assay. Five of the 14
patients with IFI developed multiple IFIs, including 12 proven,
6 probable, and 2 possible IFIs (Table 1).

Demographics. Characteristics at the time of lung transplan-
tation for the 73 subjects are included in Table 2. The median
age of all patients from whom samples were collected was 52
years (interquartile range [IQR], 42 to 60), 55% (40/73) of the
patients were male, and 95% (69/73) were Caucasian. No pa-

tient was of Hispanic/Latino ethnicity. Gender, race, median
age at time of transplant, cytomegalovirus (CMV) serostatus,
and the proportion of patients with an IFI diagnosed within the
year prior to transplant did not differ significantly between
patients diagnosed with IFI and those not diagnosed with
an IFI.

Sensitivity, specificity, and positive and negative predictive
values (PPVs and NPVs, respectively). The overall median
(95% confidence interval [95% CI]) BG level for all 797 sam-
ples tested was 44 (30, 129) pg/ml. The median (95% CI) value
for those with proven or probable IFI was not significantly
higher than the median value for those without IFI, 123 (48,
268) pg/ml and 42 (30, 120) pg/ml, respectively (P � 0.09)
(Fig. 1). The median (95% CI) BG levels for patients with
Candida and Aspergillus infections were 166 (90, 500) pg/ml
and 78 (43, 142) pg/ml, respectively (Fig. 2).

The area under the ROC curve, including all BG levels for
predicting IFI, was 0.69 (Fig. 3). Per-test calculations for sen-
sitivity, specificity, PPV, and NPV and 95% CIs are presented
in Table 3. Based on a 60-pg/ml positive cutoff value, per-
patient sensitivity, specificity, PPV, and NPV were 64.3%,
8.5%, 14.3%, and 50%, respectively. Increasing the positive
cutoff value to 80 pg/ml resulted in per-patient sensitivity, spec-
ificity, PPV, and NPV of 57.1%, 13.6%, 13.6%, and 57.1%,
respectively.

Confounders. (i) Potential causes of false-positive test re-
sults. Forty-one percent (312/756) of serum samples from 92%
(54/59) of subjects not diagnosed with IFI had BG levels of
�60 pg/ml. Variables assessed as possible causes for false-
positive test results in patients who did not develop IFI are
shown in Table 4. Respiratory colonization with mold and
renal replacement therapy within 7 days of specimen collection
significantly impacted mean BG levels. Bacterial bloodstream
infection and receipt of piperacillin-tazobactam did not. There
was no correlation between BG level and timing of posttrans-
plant specimen collection. The mean BG level in samples col-
lected within 1 week of transplant surgery was 135.9 (�163.3)
pg/ml compared with a mean BG level of 102.1 (�126.5) pg/ml
in samples collected more than 1 week post-transplant surgery
(P � 0.21).

(ii) Potential causes of false-negative test results. Per Table
1, 12/41 (29%) samples collected during the 28-day diagnostic
window from patients with proven or probable IFI had BG
levels of �60 pg/ml. Patients were receiving concomitant sys-
temic antifungal therapy at the time that 5/12 (42%) samples
with BG levels of �60 pg/ml were collected and at the time
that 13/29 (45%) samples with BG levels of �60 pg/ml were
collected. The mean BG level in samples from the 18 patients
receiving any systemic antifungal was 178.9 (�167.4) pg/ml
compared with 188.6 (�170.5) pg/ml in samples from patients
not receiving any systemic antifungal therapy (n � 23; P �
0.10).

DISCUSSION

To our knowledge, this is the first study to evaluate the BG
test as a diagnostic tool for IFI in the lung transplant popula-
tion. Ostrosky-Zeichner and colleagues evaluated cutoff values
for this test in a cohort of 163 patients with proven and prob-
able IFIs and 170 healthy controls (10). Using a 60-pg/ml
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cutoff, per-patient sensitivity, specificity, NPV, and PPV were
69.9%, 87.1%, 83.8%, and 75.1%, respectively. Using 80 pg/ml
as the positive cutoff, per-patient sensitivity, specificity, PPV,
and NPV were 64.4%, 92.4%, 89%, and 73%, respectively.
Another study that, like ours, used a control population
matched for underlying disease evaluated the utility of twice-
weekly monitoring with the BG test in 283 subjects with acute
myeloid leukemia or myelodysplastic syndrome receiving anti-
fungal prophylaxis. Using a 60-pg/ml cutoff, per-patient sensi-
tivity, specificity, PPV, and NPV were 100%, 90%, 43%, and
100%, respectively (9). Our per-patient calculations revealed
comparable sensitivity (64.3%) but lower specificity (8.5%).
With the use of a higher cutoff (80 pg/ml) in our evaluation,
specificity (13.6%) was improved only slightly and the PPV per
patient was only 13.6% despite an approximately 17.7% inci-
dence of IFI in our cohort during the period of active surveil-
lance. Only one other study has investigated the utility of BG
testing in the solid organ transplant population. Akamatasu
and colleagues prospectively monitored 180 consecutive living
donor liver transplant recipients for IFI with the Fungitec G
test (Seikagaku Kogyo, Tokyo, Japan) for 1 year posttransplan-
tation. Patients were tested once weekly for 3 months and then
monthly. Twenty-four (13%) patients were diagnosed with IFI.
Consistent with our findings in the lung transplant population,
albeit with an alternative test method, sensitivity (SN), speci-

ficity (SP), PPV, and NPV were 58%, 83%, 35%, and 93%,
respectively (1).

Examination of the ROC curve which incorporated all test
results further highlights the limitations of the BG test in the
lung transplant population. The accuracy of a test, or how well
the test separates the group being tested into those with and
without the disease in question, is typically measured by the
area under the ROC curve (ROC AUC). Assuming an ROC
AUC of 1 to represent a perfect test and an ROC AUC of 0.5
to represent a worthless test, the accuracy of the BG assay
(ROC AUC, 0.69) in our study was marginal. Supporting this
conclusion are the per-test calculations of sensitivity, specific-
ity, and PPV ranging from 63.4% to 70.7%, 65.9% to 58.7%,
and 8.5% to 9.2%, respectively, depending on the positive
cutoff used (60 or 80 pg/ml). Although the method of calcula-
tion (per test versus per patient) influences estimates of accu-
racy, specificity and PPV were alarmingly low based on both
methods of calculation in our lung transplant population.

Since the majority of subjects in our cohort had at least one
sample with BG levels of �60 pg/ml, we investigated possible
causes of false-positive results in the lung transplant popula-
tion. Despite earlier studies suggesting an association between
falsely elevated BG levels and bacterial bloodstream infec-
tions, we found no such association. We also considered the
possibility that recent surgery could result in elevated BG lev-

TABLE 1. Invasive fungal infections (IFIs) diagnosed during the surveillance period: correlation with (1,3)�-D-glucan (BG) levels collected
within a 28-day diagnostic windowc

IFI category Patient
no.

IFI
no. Site infected Organism(s)

Posttransplant
IFI diagnosis

day

Maximum BG
level (pg/ml)

No. of BG test
results of �60

pg/ml/no.
collected

within 28-day
IFI window

Proven 1 1 Tracheobronchial tissue Aspergillus fumigatus, Aspergillus flavus 120 316 2/2
2 2 Abdominal fascia Candida tropicalis 19 168 4/4

3 Lung Yeast, NOS 97 NA NA
3 4 Pleural fluid Candida albicans 34 >500 3/3

5 Blood Candida glabrata 167 >500 1/1
4 6 Blood Candida tropicalis, Candida glabrata 0 163 4/6

7 Tracheobronchial tissue Aspergillus species, NOS 49 >500 1/2
5 8 Ascites Candida albicans 155 >500 2/2

9 Subdiaphragmatic abscess Candida glabrata 181 >500 1/1
6 10 Pleural fluid Candida albicans 50 268 2/2
7 11 Tracheobronchial tissue Hyaline hyphomycete, NOS 173 <30 0/1
8 12 Esophagus Candida species 124 �30 0/1

Probable 9 13 Lung Aspergillus fumigatus, Malbranchea species,
NOS

38 142 4/4

10 14 Lung Aspergillus fumigatus, Aspergillus nidulans 196 �30 0/2
11 15 Lung Aspergillus fumigatus 28 384 4/4
12 16 Lung Aspergillus versicolor, Cladosporium species,

Penicillium species, Fusarium species
47 45 0/2

13 17 Lung Aspergillus fumigatus, Pencillium species 284 43 0/1
14 18 Lung Rhinocladiella aquaspersa 19 69 1/3

Possible 7 19 Lung Aspergillus fumigatus 4 56 0/6a

4 20 Lung Aspergillus fumigatus 3 163 4/6b

a Results not included in analyses as they were not collected during the 28-day IFI diagnostic window for a concurrent proven or probable IFI.
b Specimens were collected during 28-day diagnostic window for concomitant proven fungal infection.
c Five patients (data indicated by boldface) were diagnosed with multiple IFIs during the period of surveillance. Three patients had two proven IFIs; one patient with

proven IFI was also diagnosed with a possible IFI, and one patient with two proven IFIs was also diagnosed with a possible IFI. NOS, not otherwise specified; NA,
not applicable (no samples collected within the 28-day IFI diagnostic window).
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els due to the release of BG from surgical gauze but found no
correlation between BG levels and timing of specimen collec-
tion after transplantation. False-positive galactomannan tests
have been associated with the intravenous administration of

beta-lactam/inhibitor antibiotics and/or the drugs themselves,
including amoxicillin-clavulanic acid and piperacillin-tazobac-
tam, which are produced from the mold Penicillium, which also
contains BG in its cell wall (3). In our cohort, 10 subjects
without IFIs received piperacillin-tazobactam within 7 days of
21 sample collections. Nine of the 21 samples had a BG result
of �60 pg/ml that coincided with the dates of piperacillin-
tazobactam administration. However, there was no significant
difference in the mean BG levels in samples collected from
subjects who did and did not receive piperacillin-tazobactam.

Hemodialysis appeared to be a cause of falsely elevated BG
levels. Eighty-eight percent of specimens collected within 7
days of a hemodialysis session had BG levels of �60 pg/ml.
Renal elimination of BG from plasma is not thought to be a

FIG. 1. Distribution of (1,3)�-D-glucan (BG) levels in patients with
(n � 14 subjects, 41 samples) and without (n � 59 subjects, 756
samples) proven or probable invasive fungal infection (IFI). For the
box-and-whiskers plot, a horizontal line in the middle of the box
represents the median; the top and bottom of the box show the 75th
and 25th percentiles, respectively; and the top and bottom of whiskers
show the 5th and 95th percentiles, respectively.

FIG. 2. Distribution of (1,3)�-D-glucan (BG) levels in patients
based on the type of proven or probable invasive fungal infection (IFI)
(n � 8 Candida and 7 Aspergillus infections and 59 subjects without
IFI). For the box-and-whiskers plot, a horizontal line in the middle of
the box represents the median; the top and bottom of the box show the
75th and 25th percentiles, respectively; and the top and bottom of the
whiskers show the 5th and 95th percentiles, respectively.

FIG. 3. Receiver operator characteristic (ROC) curve of (1,3)�-D-
glucan cutoff values to define invasive fungal infection (IFI) (n � 797
specimen results from 59 subjects without IFI and 14 patients with
IFI). (1,3)�-D-Glucan values are in pg/ml.

TABLE 2. Patient characteristics at the time of lung transplantation

Variable
Value by IFI category:

P valueIFIa

(n � 14)
No IFI

(n � 59)

Recipient age in yr, median
(IQR)

49 (40.7–56.1) 53 (42.3–61) 0.55

Race, no. (%) 0.99
Caucasian 13 (92.9) 56 (94.9)
African American 1 (7.1) 3 (5.1)

Male gender, no. (%) 9 (64.3) 31 (52.5) 0.29

Underlying disease, no. (%)
Cystic fibrosis 4 (28.6) 10 (16.9) 0.31
COPDd 5 (35.7) 13 (22) 0.27
Pulmonary fibrosis 2 (14.3) 20 (33.9) 0.14
Bronchiectasis 0 3 (5.1) 0.39
Bronchiolitis obliterans 1 (5.6) 5 (8.5) 0.72
Sarcoidosis 1 (5.6) 4 (6.8) 0.89
Pneumoconiosis 0 1 (1.7) 0.59
Eisenmenger’s syndrome 0 2 (3.4) 0.51
Alpha 1 antitrypsin deficiency 0 1 (1.7) 0.59
Lymphangiomyomatosis 1 (5.6) 0 0.06

CMV risk status, no. (%)b 0.13
High 4 (28.6) 17 (28.8)
Intermediate 7 (50) 39 (66.1)
Low 3 (21.4) 3 (5.1)

No prior history of IFI, no. (%)c 0 6 (10.2) 0.22

a Four patients had two proven IFIs each; two patients with proven IFI were
also diagnosed with possible IFI.

b High risk, recipient seronegative and donor seropositive; intermediate risk,
seropositive recipient; low risk, seronegative recipient and donor.

c Infection status within 1 year prior to lung transplant.
d COPD, chronic obstructive pulmonary disease.
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major pathway of BG clearance; however, cellulose material is
known to contain BG and the influence of the composition of
dialyzer membrane on blood BG levels has been investigated
by others (6). Specifically, BG levels were extremely high in
patients dialyzed with a modified regenerated cellulose (MRC)
membrane compared with levels in those dialyzed using a syn-
thetic polysulfone (PS) membrane. The standard dialysis mem-
brane used at our hospital is a synthetic PS membrane (Fre-
senius; Fresenius Medical Care, Waltham, MA). Thus, the
source of falsely elevated BG levels in our cohort of patients
receiving hemodialysis is not likely to be the membrane and
remains unexplained.

Since routine surveillance bronchoalveolar lavage was per-
formed on all our patients and the samples were submitted for
fungal culture at regular intervals, we explored the possibility
that respiratory colonization with mold might lead to elevated
BG blood levels. Surprisingly, patients colonized with mold
had a significantly lower BG level than did those patients
without respiratory colonization with mold. One possible ex-
planation could be the use of antifungal therapy in patients
with known mold colonization. Of the 126 samples collected
from patients with known respiratory mold colonization,
57.1% had BG levels of �60 pg/ml and 38.8% were collected
during active antifungal therapy. None of the 54 samples with
BG levels of �60 pg/ml, however, were collected during any
antifungal therapy. Thus, the lower mean BG level in our
patients colonized with mold is not likely to be related to
systemic antifungal therapy, and this paradox remains unex-
plained. Similarly, receipt of systemic antifungal therapy in
patients with proven or probable IFI did not significantly affect
mean BG levels.

Candida and Aspergillus are the most common infecting fun-
gal pathogens in lung transplant recipients, accounting for ap-
proximately 75% of all IFIs. In our cohort, based on a �60-
pg/ml cutoff, the test detected 7/8 cases of proven invasive
candidiasis and 4/7 cases of invasive aspergillosis, including 2
cases of tracheobronchial disease. Despite the absence of sys-
temic antifungal therapy, the test did not detect one case of

proven esophageal candidiasis and one case of proven tracheo-
bronchial disease secondary to an unidentified hyaline hypho-
mycete. Three cases of probable pulmonary aspergillosis were
not detected, a finding which calls into question the use of the
MSG/EORTC definitions for IFI as the “reference method”
for diagnostic certainty to which the BG is compared. These
definitions were originally developed for patients with cancer
and recipients of hematopoietic stem cell transplants (2), only
recently having been revised to include the solid-organ trans-
plant population. They employ a mix of clinical, radiographic,
and microbiologic criteria to classify cases into proven, prob-
able, and possible disease. While the diagnostic certainty of
proven disease is not in question, probable disease status is
certainly debatable, particularly in the lung transplant popula-
tion, in whom surveillance bronchoscopies are routinely per-
formed and respiratory colonization with mold is more
common.

The NPV of the BG test is potentially its most attractive
feature as a diagnostic tool to aid earlier initiation of antifun-
gal therapy in the lung transplant population. However, the
extremely low PPV, especially of a single test, would result in
many lung transplant recipients without IFI undergoing unnec-
essary and expensive workup and/or treatment. Although not
addressed in this study, the comparative effectiveness of using
the BG test to trigger therapeutic intervention for suspected
IFI versus giving universal antifungal prophylaxis during peri-
ods of highest risk would likely be questionable. Testing only
patients with clinical or radiographic signs of invasive disease
may improve the positive predictive value of the test; however,
this strategy assumes that the BG test is not useful as an
independent monitoring test for early detection of asymptom-
atic IFI.

In conclusion, deciding how to incorporate a test into clinical
care ultimately rests in the accuracy of the test and the conse-
quences of misclassifying a patient’s disease status. Not iden-
tifying lung transplant recipients with IFI may result in higher
mortality, but treating uninfected patients unnecessarily may
lead to higher pharmacy costs, drug toxicity, and resistance.

TABLE 3. Per-test sensitivity, specificity, and positive and negative predictive values based on different (1,3)�-D-glucan
test positive cutoff values

Glucan positive
cutoff (pg/ml)

% (95% confidence interval)

Sensitivity Specificity Positive predictive value Negative predictive value

60 70.7 (54.5, 83.9) 58.7 (55.1, 62.3) 8.5 (5.8, 12.0) 97.4 (95.4, 98.6)
70 63.4 (46.9, 77.9) 62.6 (59.0, 66.0) 8.4 (5.6, 12.0) 96.9 (95.0, 98.3)
80 63.4 (46.9, 77.9) 65.9 (62.4, 69.3) 9.2 (6.1, 13.1) 97.1 (95.2, 98.4)
100 58.5 (42.1, 73.7) 71.3 (67.9, 74.5) 9.9 (6.5, 14.5) 96.9 (95.1, 98.2)

TABLE 4. Impact of variables potentially influencing test results in specimens from subjects without IFI (n � 59 subjects, 756 specimens)

Potential confounder (within 7 days of
specimen collection)

No. (%) of: Mean (SD) BG level (pg/ml)

Subjects
exposed

Specimens
exposed

Exposed specimens
with BG level of

�60 pg/ml
Exposed Nonexposed P value

Bacterial bloodstream infection 3 (5.1) 20 (2.6) 10 (50) 97.5 (142.1) 110.6 (136.9) 0.68
Receipt of piperacillin-tazobactam 10 (16.9) 21 (2.8) 9 (42.8) 105.8 (141.2) 110.4 (136.9) 0.92
Hemodialysis 4 (6.8) 8 (1.1) 7 (87.5) 383.0 (216.6) 107.3 (133.1) 0.002
Respiratory colonization with mold 10 (16.9) 126 (16.7) 72 (57.1) 82.1 (114.4) 115.9 (140.4) 0.013
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The accuracy of the BG test in our lung transplant population
was marginal. The majority (92%) of patients not diagnosed
with an IFI had at least one BG level of �60 pg/ml, and 90%
had at least one BG level of �80 pg/ml. Although the negative
predictive value of the BG test is high when calculated per test,
the low positive predictive value limits its utility as a screening
tool for early diagnosis of IFI in the lung transplant population.
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