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Opinion statement

Invasive aspergillosis is the cause of severe morbidity and mortality in immunocompro-
mised patients. Given the challenges of fungal cultures, non-culture surrogates are crucial
to the timely diagnosis of invasive aspergillosis (IA) to initiate expedited treatment. The
Platelia™ Aspergillus EIA (Bio-Rad, Hercules, California) is a double-sandwich ELISA that
detects the galactomannan (GM) of the fungal cell wall and was cleared by the FDA for
use in serum and bronchoalveolar fluid (BAL) in 2003 and 2011, respectively. The
population in which GM has been studied the most and has shown the greatest accuracy
is that of hematologic malignancy. The optimal optical density index (ODI) cutoff to
define test positivity in the serum is still a matter of debate because this value influences
test performance. Using a lower ODI threshold (≥0.5 vs. ≥1 vs. ≥1.5) optimizes sensitivity
at the expense of specificity and vice versa using a higher ODI threshold. One must be alert
to the potential for false-positive results, particularly if a ODI cutoff of 0.5 is used in the
serum. False positives can occur due to medications, i.e., piperacillin/tazobactam, though
there is increasing evidence that newer formulations are less cross-reactive with GM,
and false-positive results occur in the presence of other molds that cross-react
with GM. As the use of mold-active antifungal prophylaxis increases, one must be
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aware that GM may not perform as well due to lower pre-test probability of IA
and lower test sensitivity. Emerging evidence indicates that use of GM in com-
bination with other tests, e.g., Aspergillus PCR or lateral flow device (LFD), may
enhance diagnostic accuracy beyond GM alone; however, further validation of
these diagnostics in combination are required before routine implementation
can be recommended. BAL GM performs better than serum as it is significantly
more sensitive, though the optimal ODI cutoff is also debated (≥0.5 vs.
≥1).False-positive results can be due to use of medications, as with serum GM.
False negatives can occur with the use of certain agents which decrease the
viscosity of the BAL fluid, and use of such agents need to be considered by the
clinician when evaluating a test result. Again, BAL GM, in conjunction with other
tests, e.g., PCR and LFD, are promising, but further studies are needed. GM in
other fluids, i.e., CSF, urine, and tissue, may be useful, but the studies are very
limited. In summary, when employed in the right clinical context and interpreted
appropriately, serum and BAL GM can facilitate the diagnosis and early treatment
of IA. While there are significant limitations and the landscape is evolving, the
test has an important role in clinical practice today.

Introduction

Invasive aspergillosis (IA) is a severe, life-threatening
fungal disease of primarily immunocompromised pa-
tients caused by Aspergillus spp. organisms. A major
contributor to poor outcomes is delayed diagnosis.
While a positive culture obtained from biopsy is the
gold standard for diagnosing IA, this is fraught with
challenges: obtaining a specimen is difficult and not
without risk to the patient, sampling error can occur,
and cultures are insensitive, particularly if patients are
already receiving mold-active antifungal agents [1].
Therefore, new strategies involving non-culture-based
tests are needed (Table 1).

The diagnosis of IA can be classified into three cate-
gories per the 2008 revised European Organization for
Research and Treatment of Cancer/Invasive Fungal In-
fections Cooperative Group and the Mycoses Study
Group (EORTC/MSG) Consensus Group definition:
(1) proven (based on histopathological evidence
and a positive result of a culture from a normally
sterile site), (2) probable (fulfillment of criteria with-
in three categories: host factors, clinical features, my-
cological evidence), or (3) possible (fulfillment of
host factors and clinical features criteria but lacking
mycological evidence) [2].

Galactomannan (GM) is a polysaccharide cell wall
component that is released by the organism during
growth, and assays which detect galactomannan take
advantage of this phenomenon. Initial GM assays,
including a latex agglutination (Pastorex Aspergillus;

Sanofi Diagnostics Pasteur), were found to have
poorer sensitivity to subsequent assays and are no
longer available.

The Platelia™ Aspergillus EIA (Bio-Rad, Hercules,
California) is a Bdouble-sandwich ELISA that incor-
porates the B 1–5 galactofuranose-specific EBA2
monoclonal antibody as both the detector and
acceptor^ for GM [1]. This assay is widely available
and has been most extensively investigated in serum;
it was cleared by the US Food and Drug
Administraton (FDA) for use in serum since 2003.
In 2008, GM detection of plasma, serum, bronchoal-
veolar lavage fluid (BAL), or cerebrospinal fluid
(CSF) was added as an acceptable mycological crite-
rion to the revised EORTC/MSG definition for prob-
able IA [2]. In 2011, the FDA also cleared the
Platelia™ assay for the testing of BAL. Recently, up-
dated guidance is available which includes GM de-
tection in serum and BAL (note: using different cut-
offs for positivity than the FDA-cleared cutoffs) as
mycological criteria for IA diagnosis in clinical treat-
ment trials [3].

Herein, we will review the utility of the GM assay
(specifically the Platelia™ Aspergillus EIA) stratified by
the use in various diagnostic samples and patient
populations, compare GM to other available and
emerging tests, and offer recommendations about
when and how to best implement the test in clinical
practice.
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Diagnosis
Serum GM

& The primary goal of serum GM is to noninvasively diagnose invasive
aspergillosis (IA). It has also been studied as a prognostic marker.

Serum GM Test Characteristics
The GM test measures the absorbance (optical density; OD) of the monoclonal
antibody-galactomannan-peroxidase complexes in specimens and controls
determined with a spectrophotometer. The OD index (ODI) is calculated by
dividing the specimen OD by a pre-specified cutoff control serum [1].

There are several contributing factors to the complexity of interpreting test
accuracy. Most importantly is the ODI cutoff definition of test positivity: initially,
the ODI cutoff in Europe was set at ≥1.5; however, upon review, the FDA cleared
the GM for use with a positive ODI cutoff of ≥0.5. Since that time, there has been
significant debate about the optimum cutoff values, as higherODI cutoffs (e.g.,≥1
or ≥1.5) provide improved specificity at the expense of lower sensitivity. Further
complicating matters, studies also have evaluated the utility of requiring two
positive consecutive samples to define test positivity, a strategy that enhances test
specificity. Also, the GM test appears to have different characteristics based on
study population; the setting where the test has performed the best is in the
hematologic malignancy patients. And finally, the gold standard diagnosis is
suboptimal and reference criteria for case definitions have changed over time; one
must pay close attention to the criteria employed when evaluating test
performance. Currently, a reasonable and frequently used reference standard is a
combined groupof proven/probable IA per the 2008 revised EORTC/MSG criteria.

In a meta-analysis of 27 studies, Pfeiffer et al. found a sensitivity and
specificity of serum GM for proven/probable IA of 61 and 93 %, respectively
[4]. The sensitivity was higher in studies evaluating GM for only proven disease

Table 1. Performance characteristics of galactomannan and other tests used to diagnose invasive aspergillosis

Sensitivity and specificity by body fluid, test, and optical density index (ODI) cutoff
Source ODI cutoff Sensitivity (%) Specificity (%) Reference(s)
Serum GM ≥ .5

≥1.0
≥1.5

78–79
65–78
48–64

81–86
91–94
95

Pfeiffer et al. [4]; Leeflang et al. [5]

Serum PCR N/A 84–88 75–76 Arvanitis et al. [13]; Mengoli et al. [14]
Serum LFD N/A 82 98 White et al. [15]
BAL GM ≥ .5

≥1.0
86
85

89
94

Zou et al. [38]

BAL PCR N/A 91–92 90–96 Avni et al. [40];
Sun et al. [41]

BAL LFD N/A 66–100 81–94 Multiple (see text)

LFD Aspergillus lateral flow device; GM Platelia™ Aspergillus EIA
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(71 %). For solid organ transplant population, the sensitivity (41 %) and
specificity (85 %) appeared to be worse, although only 22 proven/probable
cases in that population were reported. The ODI cutoff values impacted
accuracy: for proven/probable IA, studies evaluating ODI cutoffs of ≥0.5,
≥1, and ≥1.5 showed sensitivities of 79, 65, and 48 % and specificities of
86, 94, and 95 %, respectively.

Subsequently, a Cochrane review (2008) included 30 studies with an updated
dataset and methods and reported similar results, stratifying test performance by
ODI cutoff for proven/probable IA as follows: as the ODI cutoff for positivity
increased (≥0.5, ≥1, ≥1.5), GM sensitivity decreased (78, 75, 64 %) but GM
specificity increased (81, 91, 95 %) [5]. The authors also found lower sensitivity
(69, 63, and 57 % for ODI cutoffs of ≥0.5, ≥1, and ≥1.5, respectively) when the
EORTC/MSG criteria were employed as a test reference. Requiring 91 positive
sample to define test positivity vs. a single sample improved test specificity (95 vs.
84 % for ODI ≥1; 83 vs. 61 % for ODI ≥0.5) but sacrificed sensitivity.

The optimal cutoff is unclear, and clinicians using the test should be aware
of this issue. In light of this uncertainty, the revised 2008 EORTC/MSG guide-
lines avoid recommending a specific ODI cutoff but defer to the manufacturer’s
threshold [2]. Therefore, in the US using FDA-cleared cutoffs, an ODI threshold
of 0.5 is positive; one must understand that this cutoff optimizes sensitivity.

In the aforementioned recent biomarker qualification summary review for
the FDA (2014), the goal of which was to clarify the role of GM in clinical
treatment trials of IA; the authors representing the MSG concluded a positive
serum GM result may be used as mycological evidence based on a cutoff
ODI≥0.5 of two separate samples or a single sample with ODI value ≥1.0 in
patients with hematologic malignancies or bone marrow transplants [3]. More
stringent criteria than the FDA-cleared values were selected because the priority
in the context of clinical treatment trial is to optimize test specificity (i.e., it is
important to ensure patients in an aspergillosis treatment trial actually have IA).

Serum GM: Causes of False-Positive Tests
Certain known factors may contribute to false-positive results. As outlined in the
FDA biomarker qualification review summary and the package insert, genera of
certain molds demonstrate cross-reactivity with EB-A2 monoclonal Ab including
Penicillium, Trichophyton, Blastomyces, Sporothrix,Histoplasma, Geotrichum, Alternaria,
and Paecilomyces. Fortunately, these are relatively uncommonly encountered or-
ganisms in the patient population for which GM testing is typically indicated [6].

Certain medications have been associated with false-positive GM, most
importantly, piperacillin/tazobactam. For example, Viscoli et al. demon-
strated an increase in the serum GM positivity rate 10 % (38/386 patients)
to 36 % (21/59 patients) in their center in 2003 and that increase was
significantly associated with receipt piperacillin/tazobactam [7]. However,
there may be a manufacturing issue rather than an inherent cross-reactivity
with the piperacillin/tazobactam compound itself; in 2012, Mikulska et al.
evaluated a newer formulation of piperacillin/tazobactam [8]. The rate of
GM positivity in this report for patients who were and were not receiving
piperacillin/tazobactam were 25/1606 (1.5 %) vs. 10/394 (2.5 %), respec-
tively. Also in this study, 90 samples of piperacillin/tazobactam from 30
randomly selected batches tested negative for GM. Additionally, a study
evaluating GM results associated with piperacillin/tazobactam use in the
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USA recently demonstrated a low positivity rate (0/32 lots; 1/27 serum
samples in patients) [9]. While caution is prudent, it appears that with
newer formulations, false positives by piperacillin/tazobactam may be less
of a concern than previously thought.

Finally, gluconate-containing IV solution (e.g., Plasma-Lyte) have been
shown to cross-react with the GM assay. In one report, a false-positive serum
GM was obtained in a patient who had received Plasma-Lyte after bladder
suspension surgery; investigators tested the product directly and those tests
yielded positive results [10].

Serum GM Performance in Presence of Mold-Active Antifungal Agents
In an era of anti-mold prophylaxis (i.e., voriconazole, posaconazole) becoming
increasingly common for at-risk patients, the utility of GM as a surveillance
marker is being re-evaluated. Most importantly, patients receiving mold-active
prophylaxis have a lower incidence of IA, leading to a lower pre-test probability
and higher false-positive rate; for example, a recent report from Spain evaluated
2972 serum GM tests on at-risk patients who were receiving posaconazole
prophylaxis. The patients had only a 1.9 % incidence of IA, and the positive
predictive value of GM in this setting was only 12%. However, the GM test was
positive in all five true-positive cases; the authors concluded that routine GM
surveillance should be reconsidered but GM can still be useful when a clinical
suspicion of IA exists [11••]. Additionally, the sensitivity of GM assay may
suffer in the presence of mold-active antifungal agents [12].

Serum GM Performance Compared to PCR
In the USA, no polymerase chain reaction (PCR) test has been FDA-approved as
a consensus on methodology has not yet been reached, resulting in widely
varying sensitivities and specificities. However, certain PCR assays are approved
in Europe (CE-marked, indicating a product’s compliance with European
Union legislation). Two large meta-analyses determined a sensitivity of 84–
88 % and specificity of 75–76 % of PCR of the serum [13, 14]. However, not
surprisingly, both meta-analyses demonstrated significant heterogeneity be-
tween studies in the number of samples used to determine positivity, use of
serum vs. whole blood, primers used and the type ofDNA extraction techniques
utilized. In an attempt to standardize methodology, the European Aspergillus
PCR Initiative (EAPCRI) was launched to give specific recommendations on
DNA extraction and amplification techniques [15, 16].

In a recently published, open-label, controlled trial in multiple Spanish
hospitals, 219 hematologic malignancy patients undergoing either induction
therapy or stem cell transplant were randomized to twice weekly monitoring
with either GM or GM plus PCR [17••]. No patients received mold-active
prophylaxis. PCR was developed within EAPCRI guidelines; positivity of GM
was defined as two samples with ODI ≥0.5 or a single sample with ODI ≥0.7.
Positivity of either assay prompted imaging and antifungal therapy. For the
GM-PCR group, more cases of possible IA and fewer cases of probable/proven
IA were diagnosed, the time to diagnosis of proven/probable IA was less (13 vs.
20 days), less empiric antifungal therapy was used (17 vs. 29 %), and a
probable/proven IA-free survival advantagewas shown (p=0.027). Interestingly,
GM was positive in four cases of PCR-negative probable/proven disease.
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Overall, authors concluded that both tests were complementary and PCR
potentially moved up the diagnosis from probable/proven to possible before
angioinvasion occurred.

More studies will be needed to validate and determine the best clinical use of
PCR in the serum, whether it be in combination with or in place of GM.

Serum GM Compared to Aspergillus Lateral Flow Device
TheAspergillus lateral flow device (LFD) is a rapid, point-of-care test that was CE-
marked for use in Europe in 2013; it is not (at this time) cleared for use in the
USA [18]. The LFD Buses a mouse monoclonal antibody, known as JF5, to
detect a glycoprotein antigen found the serum and BAL of patients with IA.^
[19] While more BAL data are available (discussed below), in the largest initial
study of the test in serum published in 2013, 103 adult hematology patients at
risk for IA (22 diagnosed with proven/probable IA) were retrospectively ana-
lyzed in a case-control study. In this setting, the LFD performed similarly to GM
(ODI threshold ≥0.5) and had a sensitivity of 81.8 % and specificity of 98 %
[20]. The Aspergillus LFD has the distinct advantages of (a) ease-of-use, not
requiring any technical expertise and (b) quick turn-around time for results
(G15 min). More clinical data and FDA clearance will be necessary before
implementation occurs in the USA.

Serum GM Compared to 1,3-β-D-glucan
1,3-β-D-glucan (BG) is a component of the cell wall of many different fungi
including Aspergillus spp., and the ability of BG to activate an enzyme in the
clotting cascade of the horseshoe crab led to the development the assay. Four
tests have been commercialized, and each uses individualized cutoff values to
define positivity; assays include Fungitell, which is the only FDA-cleared test
(BAssociates of Cape Cod, East Falmouth, MA), Fungitec-G (Seikagaku, Tokyo,
Japan), Wako turbidimetric assay (Wako Pure Chemical Industries, Tokyo,
Japan), andMaruha colorimetric assay (Maruha-Nichiro Foods, Tokyo, Japan^)
[21]. Because it is pan-fungal, BG has been evaluated in studies focused not only
on hematologic malignancy patients, often in conjunction with GM aimed at
the detection of molds (and yeasts), but also high-risk intensive care unit
patients aimed at detection of Candida and patients at risk for Pneumocystis
jirovecii pneumonia (PCP). In a systematic review of six cohort studies limited to
high-risk hematologic malignancy patients, the sensitivity of BG was 62 % and
the specificity was 91 % [21]. Using a strategy similar to GM, the diagnostic
performance of requiring two consecutive positive samples for test positivity
was evaluated; the reported sensitivity was 50 % and specificity 99 %. Impor-
tantly, unlike GM (and PCR), the BG is pan-fungal and does not distinguish
amongst fungi. BG is not found on certain fungi (biologic false negative results
with Cryptococcus and agents of mucormycosis), and false positive has been
reported with hemodialysis, surgery, amoxicillin-clavulanic acid, bacteremia,
and immunoglobulin or albumin product administration [22–29].

Serum GM as a Prognostic Marker
Emerging data indicate that serum GM may also serve as a prognostic
marker. Several studies have now demonstrated that both a higher initial
serum GM and that the rate of GM decay are associated with worse
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treatment outcome [30–33]. A recent report indicated that different anti-
fungal agents have disparate impact on the rate of GM decay [34]. How-
ever, at this time, firm recommendations on prognosis based on GM ODI
would be premature as more clinical data are needed.

Galactomannan on Bronchoalveolar Lavage Fluid

& The primary goal for GMof the BAL is to support a diagnosis of invasive
aspergillosis (IA) and obviate the need for histopathology.

BAL GM Test Characteristics
The measurement of BAL GM has also been extensively evaluated for the
diagnosis of pulmonary IA, and the test is more sensitive than serum GM.
The FDA-cleared GM for use on BAL in 2011 after review of data which
included an ODI cutoff of ≥0.5 [35]. However, as has been debated with
serum, the optimal ODI cutoff value is still uncertain and discussed below.

GM in BAL faces the same challenges as in the serum with false positives
(e.g., prior use of piperacillin/tazobactam and cross-reactivity with certain
fungal species). False negative test results have recently been reported as a result
of BAL sample pretreatment with the anti-viscosity agent Sputasol® (Oxoid
Microbiological Products) [36]. BAL GM can also be falsely negative if less fluid
than the recommended amount is tested (technical issue) or with antifungal
administration (biologic negative).

In 2010, Guo et al. published a bivariate meta-analysis and systemic review
of 13 studies and found an overall sensitivity and specificity of BAL GM of
90 and 94 %, respectively, when using cutoffs provided by the study
authors [37]. When analyzed by OD index threshold (0.5 vs. 0.1), the
sensitivity was similar (86 vs. 85 %) but specificity was enhanced (89 vs.
94 %). Subsequently, a meta-analysis of 30 studies evaluated BAL GM was
published by Zou et al. in 2012 [38]. The sensitivity, specificity, and
diagnostic odds ratios for proven/probable IA were 86, 95 %, and 113,
respectively, when using an OD index value ≥1 and 87, 89 %, and 53 if
using a cutoff of ≥0.5; the authors concluded that optimal test performance
(i.e., best diagnostic odds ratio) is achieved using a cutoff of ≥1.

The utility of GM may be best analyzed on a continuum. D’Haese et al.
analyzed BAL GM retrospectively on 251 consecutive at-risk patients and
found the optimal GM cutoff to for proven/probable diagnosis of IA was
≥0.8, which corresponded to an 86 and 91 % sensitivity and specificity,
respectively [39]. However, the specificity of the test was 100 % if one used
a cutoff of 3 and test sensitivity was 93 % if the cutoff was set at ≥0.5.

The accuracy of BALGMdoes not appear to be impacted asmuch as the serum
test by the type of host or underlying disease, although most data in the largest
meta-analysis came from patients with hematologic malignancy [35, 38].

BAL GM Compared to PCR
PCR on BAL has been available for over 20 years but has struggled to find a
place in clinical practice, primarily due to a lack of standardization with
investigators unable to agree on a methodology and interpretation. Two meta-
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analyses published in 2011 and 2012 (highly overlapping datasets) found
BAL PCR had a pooled sensitivity and specificity of 91 and 90 % with a
specificity of 92 and 96 %, respectively [40, 41]. Avni et al. performed a
subset analysis of the nine cohort studies which used EORTC/MSG diagnostic
reference standard and found a reduced sensitivity of 77 % [40]. In this meta-
analysis, PCR was also compared to BAL GM and found to have a modestly
higher sensitivity (4–7 % depending on OD index cutoff used).

Using BAL GM and PCR together to optimize the diagnosis of IA is another
possible approach. However, the following well-conceived study did not show
an obvious benefit of employing both tests. Heng et al. evaluated 116 patients
with hematologic malignancies (68 % of who had received mold-active anti-
fungal agents) at three Australian centers who underwent BAL for investigation of
new lung infiltrates [42]. Without including the GMor PCR results, 3, 15, and 50
patients were diagnosed with proven, probable, and possible IA, respectively.
BAL GM and PCR upgraded seven probable cases based on positive microscopy
would have been confirmed as Aspergillus infections and 24 possible IA cases
would have been upgraded to probable. The optimal cutoff value of BAL GM in
this study was found to be 0.8; using that cutoff, sensitivity for proven/probable
disease was 61 % and specificity was 93 %. In contrast, BAL PCR
sensitivity and specificity were 78 and 79 %, respectively. The lower
sensitivity of BAL GM in this report as compared to prior studies may
have been due to the high number of patients receiving mold-active
antifungal agents. The authors concluded that the use of either test is
helpful for IA diagnosis, each test has known strengths and weaknesses,
and the benefit of combining GM plus PCR was unclear and would
require investigation in a larger study.

Until commercially available and/or standardized PCR methods become
available, it will be difficult to incorporate PCR in routine clinical practice.

BAL GM Compared to Aspergillus Lateral Flow Device
The Aspergillus LFD (as explained above in the GM serum portion) is a rapid,
point-of-care, easy-to-use device which has been studied somewhat more in
BAL as compared to serum. In a small study of 39 patients (including hema-
tology and solid organ transplant patients), Hoenigl et al. found a sensitivity
and specificity of 100 and 81 %, respectively [43]. Of the five Bfalse-positive^
cases, three had BAL GM indices 90.5 but G1, which was the cutoff chosen for the
study (indicating that potentially these were true-positive cases). Another small
study showed that LFD had a 91 and 83 % sensitivity and specificity, respectively,
in 47 solid organ transplant patients suspected of IA [44]. Miceli et al. retrospec-
tively tested prospectively collected BAL specimens of 96 patients at risk for IPA; 89
of whom were non-hematologic patients and only 3 of whom were diagnosed
with IPA [45]. LFD and GM both detected 2/3 cases of IPA (2 probable, 1
possible); interestingly, specificitywas 94% for LFD and only 52% for GMowing
primarily to false-positive results in the lung transplant population.

The Aspergillus LFD has also been evaluated in ICU patients without under-
lying hematological malignancies; authors excluded solid organ transplant
recipients and included patients that had been in the ICU for four ormore days.
Eigl et al. demonstrated a sensitivity of 80 % and specificity of 81 % in 133
patients, 18 of whom had proven/probable IA. In contrast, BAL fungal culture
had a sensitivity of 50 % and specificity of 85 % [46].
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A recent multi-assay comparison study evaluated BAL GM, LFD, PCR, and
beta-D-glucan from 78 adult immunocompromised patients (60 % hematol-
ogy patients). Three, 14, 17, and 44 patients were diagnosed using EORTC/MSG
criteria with proven, probable, possible, and no IA. GM, PCR, and LFD all had
sensitivities between 70–88 %, specificities 990 %, and high diagnostic odds
ratios. Fungal culture and beta-D-glucan suffered from poor sensitivity and
specificity, respectively. Interestingly, combining GM with either PCR or LFD
appeared to enhance sensitivity without sacrificing specificity. The authors
concluded that, individually, the tests are helpful but in particular, GM in
combination with PCR, or if not available, LFD, provided both a sensitive and
specific diagnosis of IA [47••].

Evaluation of the Aspergillus LFD alone and in combination with GM will
be of great interest as we move forward towards a rapid, sensitive, and
specific diagnosis of IA. Further study will better define the diagnostic role of
this assay.

Galactomannan on Other Body Fluids

& GM may be utilized on sterile body fluid other than serum and BAL
fluid to diagnose IA.

Galactomannan has also been studied in off-label use in other sterile body
fluids, most notably in cerebrospinal (CSF) fluid and urine.

CSF GM
Cerebral aspergillosis is not a common site for primary IA but is the most
common secondary site of infection. It is detected in 10–20% of cases of IA and
it is highly fatal [48]. Diagnosis is difficult as cultures can be falsely negative due
to collection bias or specimen handling techniques and other CSF fluid indi-
cators, i.e., protein and glucose can be nonspecific [49]. Studies regarding the
use of GM in CSF are limited. One study included five bone marrow transplant
patients diagnosed with probable IA by EORTC/MSG criteria and 16 control
patients. A statistically significant difference between the CSF GM indexes
between bone marrow transplant patients and those in the control group
(median CSF GM OD index 10.5 vs. 0.3) was found [50]. Also, PCR may be
useful in CNS disease; in one study of eight patients with proven or probable IA,
the sensitivity of CSF PCR was 100 % and the specificity was 93 % [51].
To our knowledge, no study has directly compared the performance of GM to
PCR in CSF.

Of recent interest, the diagnosis of Exserohilum rostratum in the multi-state
fungal meningitis outbreak was an important topic, but in initial evaluation,
GM was not found to be helpful; the diagnosis relied mainly on real-time PCR
assay specific for E. rostratum [52, 53].

GM in Urine
There are even fewer data on the performance of GM in urine samples
[54]. As it is noninvasive to obtain a urine sample, use of GM in urine
would theoretically be quite useful. GM can be detected in the urine of
patient with IA, but there is little known regarding the pharmacokinetics of
galactomannan and clearance by the kidney [55].
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In a recent study, serum and urine GM were collected twice weekly as
part of routine care from 75 patients with hematological malignancies
[56]. A total of 21/242 samples from 13 patients were positive in the
serum; comparing same-day urine results to the serum using an OD
index cutoff of 90.1, sensitivity was 48 % and specificity was 86 %.
While the sensitivity was relatively poor, this noninvasive screening tool
could have some adjunctive role in the diagnosis of IA, but certainly,
more study is required before adoption of this practice.

In a proof-of-concept study using a novel monoclonal antibody that
recognizes GM-like antigens from Aspergillus, Dufresne et al. demonstrated
antigenuria in urine samples in both guinea pigs and human subjects.
Prospective clinical data would be required to optimize the test and
establish performance characteristics [57].

Conclusion

IA is a serious threat to immunocompromised patients, and GM testing can
be a useful adjunct for IA diagnosis. This FDA-cleared test has demonstrated
moderate and high accuracy in serum and BAL, respectively. Increasing the
ODI cutoff for positivity (e.g., from 0.5 to 1.5) threshold increases specificity
but sacrifices sensitivity. Biologic false-positive tests occur because the test
cross-reacts with certain other, much less common molds. Fortunately, it
appears the issues with false-positive GM due to piperacillin/tazobactam
administration may be resolved. Emerging issues which will be the subject of
future study will be the utility of this test in combination with PCR-based
technology or the Aspergillus LFD. Also, because anti-mold prophylaxis has
become increasingly common in patients at-risk for IA, the performance of
GM (and other tests) in clinical practice will be impacted and new diagnostic
strategies will be required.
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