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Objective. Invasive aspergillosis (IA) can cause significant morbidity and mortality in immunocompromised
children. The galactomannan (GM) enzyme immunoassay (EIA) has been shown in adult studies to be a useful
adjunct in diagnosing IA. Data on this assay in children are limited by small sample sizes and conflicting results;
false-positive assays were a concern in historical studies. We sought to evaluate the GM EIA in a large cohort of
children who received intensive chemotherapy and/or hematopoietic stem cell transplant. A focus was placed on
evaluating the assay specificity, and the potential of measuring GM antigen in urine.
Methods. A multicenter prospective observational study in children with anticipated prolonged
neutropenia was performed. Serum specimens were collected twice weekly, and urine was collected once
weekly during neutropenic periods. Operating characteristics were calculated using the GM EIA optical
density index cutoffs of 0.5 and 1.0 for both serum and urine specimens.
Results. At least one serum or urine specimen was tested from 198 patients. Ten patients had one or
more repeatedly positive serum specimens, while 37 patients had one or more repeatedly positive urine
specimens. The specificity of serum and urine testing was 95% and 80%, respectively. Although the
urine test resulted in a higher false positivity rate, it successfully identified the only case of probable IA.
Conclusions. Data suggest that the serum GM EIA does not provide frequent false-positive results as
previously reported. Screening for galactomannan, or a related antigen in urine, needs to be further
evaluated as it may be amenable to development of surveillance strategies.

(See the Editorial Commentary by Lehrnbecher and Groll, on pages 112–5.)

Invasive fungal infections (IFI) are a major cause
of morbidity and mortality amongst pediatric hemato-
poietic stem cell transplant (HSCT) recipients and in
some pediatric oncology patients receiving intensive
chemotherapy. The frequency and severity of such
infections in immunocompromised patients has risen
steadily over the past few decades [1–4]. Specifically,

infections with Aspergillus spp. account for the vast
majority of non-Candida IFI in children with cancer
and result in a devastatingly high case fatality rate. In
the Children’s Cancer Group (CCG) Phase III AML
chemotherapy trial CCG 2961, the incidence of IFI in
children with AML was 13% per treatment phase.
Nearly one-third of the documented IFI were caused
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by Aspergillus and the case fatality rate of invasive
aspergillosis (IA) ranged from 15% to 57%, depend-
ing on the phase of chemotherapy. Importantly, 31%
of all infection-related deaths in this trial were directly
attributable to IA [5].
A major contributing factor for the dismal out-

comes of IA is the lack of a diagnostic test that
can be used to accurately identify IA in a timely
manner. The traditional approach to diagnosing IA
includes a combination of clinical signs (prolonged
fever in the setting of neutropenia), radiographic evi-
dence (eg, “halo sign” on chest computed tomogra-
phy [CT] scan), and attempts to isolate the mold by
tissue procurement via invasive procedures. These
modalities are either invasive, nonspecific, or lack
sensitivity.
The advent of biomarker tests such as the galacto-

mannan (GM) enzyme immunoassay (EIA) offers a
potential adjunct for noninvasive diagnosis of IA. GM
is a polysaccharide component of the Aspergillus cell
wall that is released from growing Aspergillus hyphae.
The Platelia Aspergillus enzyme immunoassay is a com-
mercially available kit from Bio-Rad Laboratories that
utilizes the EB-A2 monoclonal antibody in a double-
sandwich assay for detection of GM. Results of the test
are interpreted based on the optical density (OD) ratio
of the sample divided by a threshold control provided
in the kit, referred to as the OD index. The test received
FDA clearance for use in adult immunocompromised
patients using a low index to define positivity, after
results of a prospective study found that an OD index
of 0.5 resulted in improved sensitivity and earlier indi-
cation of infection compared with prior recommen-
dations (OD index 1.0) [6].
There have been limited pediatric studies focused

on use of the GM EIA. Earlier studies evaluating GM
EIA in adults and children suggested much higher
false-positive rates (up to 44%) in children as com-
pared to adults [7]. Pediatric-focused studies revealed
much lower false-positive rates; however, each of
these studies is limited by small sample sizes and/or a
lack of a standardized definition for IA [8–12]. We
performed a prospective study in a large cohort of
pediatric patients with leukemia or solid tumors who
had received intensive chemotherapy or undergone
HSCT to evaluate the utility of using the GM EIA for
the prospective monitoring of IA. A focus was placed
on evaluating the specificity and false-positive rate of
the serum assay, and the potential utility of evaluat-
ing antigen levels in a noninvasive compartment
(urine).

METHODS

Study Design

We performed a multicenter prospective observational
study to define the operating characteristics of serum
and urine specimen GM EIA testing for identifying IA
in children less than 19 years of age with anticipated
prolonged neutropenia secondary to chemotherapy or
a conditioning regimen for HSCT.

Patient Population

The following 4 patient types were considered for
cohort inclusion: (1) patients receiving chemotherapy
for leukemia with anticipated neutropenia (ANC
<1000/µL) for a minimum of 3 weeks, or 2 weeks if
the chemotherapy regimen included concurrent
steroids; (2) patients receiving repetitive cycles of
intensive chemotherapy supported with autologous
peripheral blood stem cells for the treatment of solid
tumors; (3) patients receiving intensive chemotherapy
for a solid tumor with an anticipated period of neutro-
penia of at least 3 weeks or at least 1 week if hospital-
ization for mucositis or gastrointestinal toxicity was
anticipated; (4) patients undergoing myeloablative
allogeneic or autologous bone marrow, cord blood, or
peripheral blood stem cell transplantation for treat-
ment of malignant or nonmalignant conditions.
Patients were only eligible to participate during one
neutropenic period following chemotherapy, but were
eligible for sequential enrollment following HSCT.

The following exclusion criteria were used: weight
less than 5 kg at time of study enrollment, weekly
requirement of packed RBC transfusions in excess of
100 mL/kg, documented proven or probable IA within
3 months of study enrollment, or anticipation that the
patient would be unavailable for the 30- and 60-day
follow-up contact.

Specimen Collection, Processing, and Analysis

For patients receiving intensive chemotherapy without
HSCT, baseline blood and urine specimens were
obtained at the time of admission for chemotherapy.
Upon the onset of neutropenia (ANC <1000/µL), blood
was collected twice weekly, and first morning urine was
collected once weekly until neutrophil recovery. This
schedule was continued until the neutrophil count
(ANC �1000/µL) had been recovered for one week. For
those patients undergoing an HSCT, baseline blood and
urine specimens were collected at the onset of condition-
ing therapy. Upon the onset of neutropenia (ANC
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<1000/µL), blood was collected twice weekly, and first
morning urine was collected once weekly until the
patient was discharged from the inpatient service. Those
patients determined to have IA were scheduled to have
both serum and urine samples collected until there were
clinical signs and/or radiographic evidence of improve-
ment. In the event that a bronchoalveolar lavage (BAL)
was performed for clinical purposes, residual BAL speci-
men, when available, was tested.

The volume and frequency of blood draws was
limited by the weight of the child. Total blood draw
volume could not exceed 3 mL/kg in an 8-week period
and a single blood draw could not exceed 2.5% of the
child’s total blood volume. Specifically, blood was
drawn weekly in children weighing less than 10 kg, and
for those between 10 and 16 kg, blood draws were
limited to a maximum of 10 over an 8-week period.

All specimens (blood, urine, and BAL) were frozen at
–70°C in the clinical laboratories of the participating
study sites and were batch-shipped to the Fred
Hutchinson Cancer Research Center. Results did not
factor into the care of the patients. At the time of testing,
specimens were thawed at room temperature and GM
EIA was performed according to manufacturer-specified
directions [13]. If a sample resulted with an OD index
� 0.5, the same sample was retested for confirmation.

Definitions

Cases of IA were defined by criteria as established by
the European Organization for Research and
Treatment of Cancer/Mycoses Study Group (EORTC/
MSG) 2002 criteria [14]. Clinical, radiographic, and
laboratory data were collected prospectively by clinical
research associates. These data were reviewed for all
patients with suspected IA by study investigators and
labeled as proven, probable, possible, or no IA. Study
investigators were blinded to GM EIA test results;
hence, study GM EIA results did not contribute to
clinical care. For patients receiving chemotherapy for
malignancy, the time period during which an IA diag-
nosis was considered included the entirety of the neu-
tropenic period as well as two weeks after recovery of
neutropenia (ANC >1000/µL). For HSCT patients, the
time period for evaluation of IAwas the entire inpatient
admission for the transplant as well as two weeks after
discharge.

Data Collection

Patients were followed prospectively after enrollment
to record demographic characteristics, treatment

characteristics, receipt of antifungal medications, pres-
ence of neutropenia, GI tract mucositis (and severity),
and diagnostic criteria for IFI. Two follow-up visits
were performed at monthly intervals after enrollment.

Statistical Analysis

Summary statistics to describe demographic character-
istics were constructed using frequencies and pro-
portions for categorical data elements and medians for
continuous variables. Sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV)
were calculated using STATA statistical software version
10.0 (College Station, TX). Initial calculations assumed
presence of IA if a patient was given a probable or
proven designation. Subsequent calculations included
possible IA designation as a true case. Because the GM
OD index of 0.5 is established as the threshold for posi-
tive in adults, it is not clear that the kinetics for this
assay will act in a similar fashion for children.
Therefore, in an exploratory analysis, the operating
characteristics for both the urine and serum testing were
calculated using GM OD index cutoffs of 1.0 and 1.5.
Additionally, it was not clear that performing confir-
mation testing of all specimens with an initial test that
was positive resulted in improved operating character-
istics. Thus, the sensitivity, specificity, PPV, and NPV
were calculated for each of the three GM OD index
cutoffs but without the requirement of a confirmatory
positive assay result.

Human Subjects Oversight

The conduct of this study was approved by the
Institutional Review Board at the Fred Hutchinson
Cancer Research Center, Seattle, WA, and by each
enrolling study site (Cincinnati Children’s Hospital
Medical Center, Seattle Children’s Hospital,
Children’s Hospital Boston/Dana-Farber Cancer
Institute, and Johns Hopkins Hospital).

RESULTS

From May 2004 through July 2007, 215 patients
who met enrollment criteria were approached for
study enrollment. Two hundred thirteen were
enrolled at 5 different pediatric centers, with 198
contributing at least one urine or serum specimen.
Table 1 displays the demographic characteristics of
the entire study cohort. The median age of patients
was 7.8 years, males accounted for 61% of
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participants, and most patients were Caucasian
(81%). Most patients (85%) had received condition-
ing chemotherapy for HSCT.
In total, 1865 serum specimens were collected from

198 patients, 886 urine specimens were collected from
183 patients, and 7 BAL specimens were collected
from 4 patients. The initial assay was positive on 146
serum specimens, but only 54 of these specimens were
positive on confirmatory testing. These 54 positive
specimens were isolated from 10 patients. Likewise,
the initial urine assay was positive on 139 specimens,
but only 84 of these were positive on confirmatory
testing. These 84 positive specimens were obtained
from 37 patients. Only one BAL specimen was posi-
tive. During the follow-up period, no patient was
assigned the diagnosis of proven or probable IA, and
24 patients were considered to have possible IA.
Retrospectively, 1 patient was identified as having
probable IA when study-derived GM EIA results con-
sidered in establishing the presence or absence of IA.
For subsequent analyses, this patient was consider to
have had probable IA.
Table 2 displays the operating characteristics of the

serum and urine GM EIA for detecting probable IA
only, or probable or possible IA together, using OD
index threshold cutoffs of 0.5 and 1.0, respectively. In
these data, the samples were considered positive only
if a confirmatory test replicated the initial positive
result. The serum testing did not correctly identify the
single case of probable IA, and thus had 0% sensi-
tivity, but it maintained a high specificity and NPV
using both threshold cutoffs. The urine testing success-
fully identified the single probable IA case, resulting in
100% sensitivity and thus maintained a 100% NPV.
Neither serum nor urine testing provided high PPV
results, as would be expected given the low incidence
of disease. The false-positive rate (calculated as pro-
portion of patients with a positive test result per total
number of patients without IA) for serum and urine
sample testing when considering an OD index
threshold cutoff of 0.5 was 5.2% and 20.2%, respect-
ively. The operating characteristics when using an OD
index of 1.5 as the cutoff are not shown, as they were
equivalent to those calculated using a cutoff of 1.0 for
both serum and urine testing.
The operating characteristics were recalculated for

each of the OD index thresholds without the restric-
tion that all initially positive specimens required con-
firmation by repeat testing. This approach effected
only a minimal change in the sensitivity, PPV, and
NPV. There did appear to be a moderate reduction in

specificity with an associated substantial increase in
false positivity rate across each of the three OD index
thresholds.

Table 1. Demographic and Characteristics for 198 Enrolled Patients

Characteristic No. (%)

Sex

Male 121 (61)

Female 77 (39)

Race

Caucasian 161 (82)

African American 15 (8)

Othera 21 (10)

Ethnicity

Hispanic 19 (10)

Non-Hispanic 177 (89)

Unknown 2 (1)

Age, Median (IQR) 7.8 (3.7–13.5)

HSCT, with underlying diagnosis

Total 169 (85)

HSCT for ALL 36 (18)

HSCT for AML/MDS 39 (20)

HSCT for solid tumor 30 (15)

HSCT, otherb 64 (32)

Chemotherapy, with underlying diagnosis

Total 29 (15)

ALL 6 (3)

AML/MDS 17 (9)

Solid tumor 6 (3)

Duration neutropeniac

Mean 24.8

Median 20

Range 3–343

Antifungal prophylaxisc

Any prophylaxis 185

Fluconazole 143 (77)

Voriconazole 15 (8)

Caspofungin 7 (4)

Amphotericin product 20 (11)

Chemotherapy contained steroid exposured 65 (37)

TBI exposuree 83 (47)

Abbreviations: ALL, acute lymphoblastic leukemia; AML/MDS,

acute myeloid leukemia/ myelodysplastic syndrome; HSCT,

hematopoietic stem cell transplant; IQR, interquartile range; TBI,

traumatic brain injury.
aIncludes Asian (n = 4), Native American (n = 6), Pacific Islander

(n = 2), other (n = 7), and unknown (n = 2).
bThe most common other diagnoses included severe aplastic anemia

(n = 11), chronic myelogenous leukemia (n = 7), Hodgkin’s

lymphoma (n = 7), Wiskott-Aldrich syndrome (n = 4), Fanconi

anemia (n = 4).
cData available for 185 of the 198 enrolled patients.
dData available for 178 of the 198 enrolled patients.
eData available for 176 of the 198 enrolled patients.
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The operating characteristics are less impressive
when possible cases are considered as having “true
disease,” resulting in a decrease in NPV. As there is
considerable diagnostic uncertainty in the category of
“possible IA,” we plotted serum and urine GM EIA
values among patients with no evidence of disease
compared with “possible” IA. Results showed a lack
of quantitative differences between the two groups,
with results consistently low in samples from patients
with no evidence of IA and possible IA (Figure 1).

The probable IA diagnosis was illustrative. This
patient was a 13-month-old male who had received an
autologous transplant for a solid tumor. As noted pre-
viously, the designation of probable IA was applied in
retrospect and based on the presence of bilateral
pulmonary nodules identified on a chest CT scan, in
conjunction with a positive study GM EIA result from
a stored BAL specimen. Figure 2 illustrates the clinical,
radiographic, and laboratory findings for this patient
from the time of enrollment until the time of probable
IA. Although all serum tests remained negative, two
urine samples for this patient had high positive GM
EIA values, consistent with the BAL-based designation
of probable infection.

DISCUSSION

This study provides important data to evaluate the
operating characteristics of the serum GM EIA in a
large prospective observational pediatric cohort at risk
for IA, and the only study to date to evaluate the
urine GM EIA in this population. Although false-
positive results were seen, our data demonstrated
lower false-positive rates of serum GM EIA in neutro-
penic children. Only one subject developed probable/
proven IA (on retrospective analysis), limiting our

ability to present conclusions on sensitivity of the
serum assay. Interestingly, testing GM EIA in urine
may offer an alternative specimen source for noninva-
sive diagnostic aid and/or screening tool for IA.
A prior study evaluating the GM EIA in a combined

cohort of adult and pediatric febrile and neutropenic
patients suggested that the false positivity rate was
much higher in children than in adults [7]. Several
pediatric-focused studies have since shown that the
false-positive rate for the GM EIA is not as high as
once believed. The results of these studies are summar-
ized in Table 3, with our data included for compari-
son [8–12, 15]. However, small numbers and/or a lack
of a standardized definition for IA limited conclusions
from these prior publications. The present study was
the largest to evaluate specificity and false-positive
rates (using the EORTC/MSG criteria) in a pediatric
population, and results support the conclusion that
false-positive assays occur, but at a lower rate than
previously reported, even when applying the low OD
index of 0.5. It is also important to note that certain
positive results may be misclassified as “false posi-
tive,” as the incidence of biologically real antigenemia
in the absence of disease has not been determined.
Specifically, some of these patients may have had tran-
sient antigenemia without development of subsequent
clinical disease. Also, other factors may have contribu-
ted to development of falsely positive assays, such as
receipt of contaminated β-lactam antibiotics. These
data were not captured, as this study was initiated
prior to knowledge of the reported association.
The incidence of probable or proven IA in this

cohort was lower (0.5%) than anticipated. This may
in part be because over 20% of enrolled patients were
receiving antifungal prophylaxis that included
anti-Aspergillus coverage at some point in time during
the study period. Additionally, a large proportion

Table 2. Performance Characteristics of Serum and Urine Galactomannan Enzyme Immunoassay Test, Requiring Confirmationa

Performance Characteristic Sensitivity, % Specificity, % PPV, % NPV, % False-Positive Rate, %

Serum GM (threshold 0.5) Probable IAb 0 95 0 99 5.2

Possible and Probable IA 13 96 30 89 4.1

Serum GM (threshold 1.0) Probable IAb 0 96 0 99 3.6

Possible and Probable IA 13 98 43 89 2.3

Urine GM (threshold 0.5) Probable IAb 100 80 2.7 100 20.2

Possible and Probable IA 19 79 11 88 20.9

Urine GM (threshold 1.0) Probable IAb 100 83 3.2 100 16.9

Possible and Probable IA 14 82 9.6 88 17.7

Abbreviations: GM, galactomannan; IA, invasive aspergillosis; NPV, negative predictive value; PPV, positive predictive value.
aA specimen was considered positive if the test result exceeded the indicated threshold, in duplicate.
bCalculated using one case meeting criteria for probable IA.
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(85%) of the study cohort received an HSCT; we
evaluated samples predominantly during the pre-
engraftment period in order to evaluate specificity
during periods of GI tract mucositis. As such, this
cohort did not contain the HSCT patients who were
at highest risk of IA during periods of graft versus
host disease [16].

Although the EORTC/MSG criteria for defining IA
include the finding of a positive BAL GM EIA, the
uptake of BAL GM EIA testing in clinical application
has been variable. Our one case of retrospectively
defined probable IA is illustrative, as the BAL per-
formed in this patient did not reveal an etiology of
disease, but the study GM EIA was positive. It is
notable that the serum GM EIA failed to identify this

Figure 1. Results (optical density [OD] indices) of (A) serum and (B) urine testing in patients with “no” or “possible” invasive aspergillosis. The diamond represents
the median for each group and the square represents the mean. Line is drawn at current OD index cutoff to define positivity.

Figure 2. Results of serial testing of urine, serum, and bronchoalveolar lavage
specimens in one patient with probable. Abbreviations: BAL, bronchoalveo-
lar lavage; CT, computed tomography; IA, invasive aspergillosis.
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single probable case, which resulted in 0% sensitivity.
The urine GM EIA successfully identified the case and
was positive 1 week before a chest CT scan identified
pulmonary nodules consistent with pulmonary asper-
gillosis. As would be expected in the setting of low
incidence, both tests had poor PPV and high NPV.
Prior published discussions have highlighted the issue
that diagnostic tests applied to cohorts with low
disease prevalence will have resultant low PPV even if
the diagnostic test has reasonable sensitivity and
specificity parameters [17].

Our results suggest that further investigation of
EIA GM testing of urine specimens is warranted.
Galactomannan, or a similar polysaccharide recog-
nized by the EB-A2 antibody, is known to be present
in urine from infected animals and humans. Animal
studies have shown that the kidneys excrete at least
some of the polysaccharide rapidly after IV infusion
in rabbits [18]. A small number of samples have been
evaluated from adult patients, and results suggest
that the test may be useful, especially if the urine is
pretreated by dialysis, centrifugation or filtration
[19]. However, we do not yet know what specific
antigen the antibody is recognizing in the urine nor
do we know the optimal approach for processing
urine specimens. We did not process our urine
samples before testing; nonetheless, our results
suggest that the GM EIA may be amenable to serial
urine testing. This is especially attractive given the
potential for development of a test that can be
applied in a point-of-care fashion. Certainly, to be
useful, the testing approach will have to be improved

to reduce the false-positive rate while preserving the
sensitivity.
The primary analysis included repeat testing of a

first positive result. The importance of requiring this
duplicate testing is controversial. Interestingly, when
the operating characteristics of the GM EIA were cal-
culated using the first specimen result only, sensitivity,
PPV, and NPV remained stable but there was a mod-
erate reduction in specificity. The increased cost for
confirmatory testing needs to be balanced against the
intended goals for testing. If the hope is to optimize
sensitivity, then duplicate testing may not be appropri-
ate. However, if the goal is to reduce false-positive
rates (and thus reduce clinical interventions), then
duplicate testing should be considered.
When considering the utility of the GM EIA, one

can entertain multiple possible approaches for inter-
preting the results relative to clinical care decisions.
The first is to initiate antifungal therapy with
anti-Aspergillus coverage in the setting of 1 GM EIA
positive specimen found during serial testing. In our
cohort, using this approach with the serum GM EIA
would have resulted in 10 (5%) patients being treated
unnecessarily (false positives) and 1 patient not receiv-
ing appropriate therapy (false negative). Given the
severity of the disease, clinicians may be willing to
tolerate unnecessary therapy in 5% of patients but
would be wary of missing even one case of IA.
Interestingly, the urine GM EIA results would not
have missed the one patient with probable IA but
would have resulted in the unnecessary treatment of
36 patients. When the threshold cutoff for the urine

Table 3. Operating Characteristics of Galactomannan Testing for Diagnosis of Proven or Probable Aspergillosisa in Pediatric Patients

Author Year
Total No. Patients/Episodes

in Study
Proven or Probable

Aspergillosis Sensitivity, % Specificity, % TP FP TN FN False-Positive Rate, %b

Hayden 2008 [15]c 56 17 65 87 11 5 34 6 12.8

Steinbach 2007 [10] 64 1 0 87 0 8 55 1 12.7d

Hovi 2007 [8] 89 1 100 93 1 6 82 0 6.8

Sulahian 2001 [11] 347 9 100 89.9 9 34 304 0 10.1

Rohrlich 1996 [9] 37 10 100 92.6 10 2 25 0 7.4

Armenian 2009 [12] 78 3e 100 98.7 3e 1 74 0 1.3

Our Study

Serum (threshold 0.5) 195 1 0 95 0 10 184 1 5.2

Urine (threshold 0.5) 179 1 100 80 1 36 142 0 20.2

Abbreviations: FP, false positive; FN, false negative; TN, true negative; TP, true positive.
aThe definition of proven or probable aspergillosis varied depending on the publication.
bDefined as the number of false-positive results per total number of patients without IA.
cCase-control study design may inflate the calculated false-positive rate for this study.
dAfter accounting for piperacillin-tazobactam exposure, the false-positive rate was 8.5%.
eAll 3 probable cases required inclusion of positive GM EIA results to qualify for this designation.

Galactomannan Testing in Pediatrics 109



test was increased to 1.0, there were still no false nega-
tives and there was a reduction to 30 false positives.
Whether these patients with false-positive results
would have developed IA during longer-term follow
up is not clear. As urine is an easy sample to obtain
for testing, serial monitoring with urine should be
further explored.
A second approach would argue for using the GM

EIA to guide decisions for de-escalation of therapy, as
the test maintains a high NPV for both serum and
urine specimens. In this setting, the clinician can be
reassured by serially negative results and may elect to
de-escalate previously initiated broad-spectrum anti-
fungal coverage. In applying this scenario to our study
population, the challenge still exists that one would
not be able to identify the 1 false-negative serum
result among all the true negative results.
Instead of using the GM EIA test in isolation to

diagnose IA, it may be most appropriate to use these
results as an adjunct with other clinical and radio-
graphic results to gauge the probability of IA. In an
adult population, Cordonnier et al [20] compared the
initiation of empiric antifungal therapy after persistent
fever with that of a preemptive approach guided by
the presence of various clinical, radiographic, and lab-
oratory findings. They found that there was no differ-
ence in mortality secondary to IFI, but a reduction in
antifungal cost among those treated preemptively was
shown. The recently updated Infectious Diseases
Society of America’s adult fever and neutropenia
guidelines proposed a similar preemptive strategy as
an alternative to the traditional empiric approach of
adding antifungal therapy in the setting of prolonged
fever and neutropenia [21]. This preemptive strategy
proposes that clinicians do not need to add antifungal
therapy if antigen testing, chest and sinus CT imaging,
and physical exam do not suggest the presence of
fungal infection. A similar approach in children may
be useful, but randomized trials should address this
question in both children and adults.
It is important to note that when patients with

possible IA were included in the analysis as “true
disease,” the operating characteristics of both the
urine and serum sample EIA were poor. This high-
lights the difficulty of studying a disease that lacks a
good diagnostic gold standard. In comparing the GM
EIA serum and urine testing in Figure 1, one can see
that the results were similar between those without IA
and those with possible IA, raising the likelihood that
those patients designated as possible IA did not actu-
ally have IA.

In summary, GM EIA testing may be useful in diag-
nosing and/or excluding IA in at-risk pediatric
patients, but the low (0.5%) incidence rate of prob-
able or proven IA in this study precludes the ability to
make any definitive conclusions. Future work should
focus on defining the operating characteristics of this
assay in specific subpopulations as they may vary.
Subsequently, there should be a focus on developing
predictive models that would include but not be
limited to GM EIA results for defining the probability
of IA. Finally, further investigation of urine GM EIA
testing is warranted, as it may offer a mechanism for
noninvasive IA screening in the future.
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