Current Fungal Infection Reports (2020) 14:378-383
https://doi.org/10.1007/512281-020-00409-z

ADVANCES IN DIAGNOSIS OF INVASIVE FUNGAL INFECTIONS (O MORRISSEY, SECTION o')
EDITOR)

Check for
updates

The Aspergillus Lateral Flow Assay for the Diagnosis of Invasive
Aspergillosis: an Update

Jeffrey D. Jenks "> - Marisa H. Miceli® - Juergen Prattes” - Toine Mercier®’ . Martin Hoenigl**2

Accepted: 20 October 2020 / Published online: 4 December 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

Purpose of Review To review the data on the Aspergillus lateral flow assay for the diagnosis of invasive Aspergillosis.

Recent Findings Aspergillus spp. cause a wide spectrum of disease with invasive aspergillosis (IA) as its most severe manifes-
tation. Early and reliable diagnosis of disease is crucial to decrease associated morbidity and mortality, and enable prompt
initiation of treatment for IA. Most recently, non-culture-based tests, such as Aspergillus galactomannan (GM), have been useful
in early identification and treatment of patients with IA. However, cost, turnaround time, and variable performance indifferent
populations at risk for IA remain significant drawbacks to the use of this test. Several diagnostic tests for IA have been developed,
including the sona Aspergillus GM Lateral flow assay (GM-LFA) rapid test.

Summary The GM-LFA has shown excellent performance for the diagnosis of IA in patients with hematologic malignancy and
may be a viable option for settings where ELISA GM testing is not feasible. Further evaluation of the GM-LFA in the non-

hematology setting is ongoing, including in solid organ transplant recipients and patients in the intensive care unit.
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Introduction

Aspergillus spp. are environmental fungi that cause a wide
spectrum of infections in humans [1], including invasive as-
pergillosis (IA), the most severe manifestation of disease.
Globally, IA causes over 300,000 diagnosed infections annu-
ally, with a mortality rate ranging from 30 to 80% [2, 3].
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Recently, IA also emerged as a complication in patients with
severe Coronavirus Disease 2019, resulting in high mortality
rates [4—7].

Diagnosis of IA remains difficult, particularly in patients
receiving mold-active antifungals [8, 9]. Aspergillus
galactomannan (GM) is an enzyme-linked immunosorbent as-
say (ELISA) which detects the GM polysaccharide that
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primarily exists in the cell wall of Aspergillus species [10].
ELISA GM is used as mycological criteria for the diagnosis of
IA [11]. The ELISA GM is used on serum or bronchoalveolar
fluid (BALF) specimens [12—15]. Across all patient popula-
tions, ELISA GM is more sensitive than culture, with a sen-
sitivity and specificity from blood of 82% and 81%, respec-
tively [15], while ELISA GM on BALF has shown better
diagnostic performance than on blood, with a sensitivity and
specificity of 88% and 81%, respectively [16]. The perfor-
mance of GM BALF, compared to serum, is also superior in
certain patient populations, such as those receiving anti-mold
active agents, and those without neutropenia who usually de-
velop invasive airway disease [17¢¢]. Despite ELISA GM has
been commercially available for more than two decades, many
mycology laboratories around the Globe do not have access to
ELISA GM testing, with only 23% of laboratories surveyed in
Asia able to offer this test [18]. ELISA GM testing suffers
from many limitations, including cost and turnaround time,
particularly in settings where bulk testing is not commonly
done or samples are sent to a central lab [14, 19-22].
Molecular tests such as polymerase chain reaction (PCR) are
widely used to diagnose IA [19, 23, 24], although there is a
lack of standardization among assays [25] and a large varia-
tion in diagnostic performance across studies and settings [21,
26]. Aspergillus PCR from blood shows particularly poor per-
formance for the diagnosis of breakthrough infections [27] in
settings that use mold-active prophylaxis [28, 29].

Diagnostic assays with improved performance, more rapid
results, can be more easily performed in facilities with limited
infrastructure to enable earlier, targeted treatment of invasive
aspergillosis (IA). The following review provides an update
on the performance of sona Aspergillus Galactomannan lateral
flow assay (LFA) IMMY, Norman, Oklahoma, USA), a rapid
test for the prompt diagnosis of TA.

Technical Aspects of GM-LFA

The GM-LFA is a self-contained sandwich
immunochromatographic test for the qualitative and quantita-
tive detection of Aspergillus GM from serum and BAL sam-
ples. It functions much like the widely used home pregnancy
test, eliminating the need for advanced laboratory equipment.
It is based on the principle of lateral flow: GM-specific anti-
bodies conjugated to colloidal nano-gold bind to GM (the
antigen), if it is present in the specimen sample, as it flows
up the test strip through two testing zones. If binding occurs,
the antibody-antigen complex will migrate up the strip by
capillary flow until it is captured by the GM-specific antibod-
ies in the test line, resulting in the formation of a visible test
line. Concurrently, control antibodies conjugated to gold are
present that wick along with the specimen and are captured by

the control antibodies present on the control line, serving as a
control.

The test requires a total of 300 uL of BALF or serum
sample which is pretreated to allow adequate binding of the
detecting antibodies, heated to 120 °C to denature the immu-
noglobulins and any other potentially interfering protein (thus
freeing up the GM for detection), and centrifuged, before an
aliquot is transferred to a second tube and mixed with a run-
ning buffer. Test strips are subsequently inserted into the sam-
ple running buffer aliquot and results read after 30 min
[30-33]. Positive test results create two lines (test and control
lines) and negative result forms only one line (the control
line). If the control line fails to develop, the test is deemed
invalid. Recently, an digital tube reader has been developed
that provides a quantitative number which corresponds to the
detected GM titer [30]. The GM-LFA test is CE-marked and
currently in the process of being FDA approved.

As the LFA is designed to detect GM epitopes, some cross-
reactivity with other galactofuranose-producing fungi can oc-
cur. Cross-reactivity with culture filtrate from
Paracoccidiodes brasiliensis, Coccidioides spp.,
Histoplasma spp., and Candida spp. has been reported
(IMMY, 2019). It is currently unknown if this in vitro cross-
reactivity is also clinically relevant for patients infected with
these fungi. In a retrospective study of sputum and BALF
samples, cross-reactivity with Scedosporium spp., Fusarium
spp., Saccharomyces cerevisiae, Candida parapsilosis, and
Geotrichium spp. has been described [33]. Whether these
findings constitute true cross-reactivity or rather undiagnosed
co-infection with Aspergillus or another closely related fungus
is unclear.

Performance of GM-LFA Using Visual Readout
Hematology Patients

In patients with hematological malignancy with suspected in-
vasive pulmonary aspergillosis (IPA), ELISA-GM testing in
serum and BALF is highly recommended by various guideline
groups [34-37] and is the standard of care in many centers.
ELISA GM is recommended particularly in highly vulnerable
cohorts of patients such as those with hematological malig-
nancy, as the early diagnosis of IPA and prompt treatment
initiation is essential for successful management of the dis-
ease. In this setting, the GM-LFA with a visual readout is a
promising alternative to ELISA-GM testing, as no specific
technical equipment is required nor is specially-trained labo-
ratory staff needed. Currently, clinical data evaluating the di-
agnostic performance of the GM-LFA with visual readout in
hematological malignancy patients is limited, but results pub-
lished up to date are encouraging.
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A single-center retrospective trial found a sensitivity and
specificity of the GM-LFA on BALF for proven or probable
IPA 89% and 88%, respectively [32¢¢]. Considering that the
ELISA GM was included as a mycological criterion in this
study and that the number of samples was low (N =24), GM-
LFA performed as good as the ELISA-GM and the
Aspergillus-specific lateral flow device (LFD) in this study.
A larger multicenter retrospective study of 235 patients with
hematological malignancy found a sensitivity of 83% and
specificity of 87% when comparing proven or probable IPA
cases versus controls [38¢¢]. When excluding ELISA-GM as a
mycological criterion, which may be interpreted as a con-
founder overestimating the performance of ELISA-GM (in-
clusion bias), the sensitivity of GM-LFA even increased to
87%, whereas specificity remained unchanged. A potential
drawback of GM-LFA with visual readout is that interpreta-
tion may be influenced by the individual interpreting the test
lines, specifically for weak positive test results. This was also
mentioned in the study above, where a mismatch (positive
versus negative) of two independent investigators was ob-
served in 11% of the samples [38¢¢]. This mismatch may
warrant investigation in future studies, as with other lateral-
flow assays reproducibility overall was good [39], although an
automated readout is now available which would circumvent
this drawback. Data suggest that empiric antifungal treatment
significantly reduced the sensitivity of the LFA in BALF
[38e¢], which may potentially reflect the performance of the
LFA in patients on mold-active prophylaxis. However, the
performance of GM-LFA in the presence or absence of
mold-active prophylaxis has not been studied.

Solid Organ Transplant Recipients

Similar to other non-culture-based test for IPA, initial reports
suggest that the performance of GM- LFA testing of BALF in
solid organ transplant (SOT) recipients is variable, with lower
sensitivity and specificity compared with those of patients
with hematological malignancy [40]. Data on the performance
of GM-LFA for the diagnosis of IPA in SOT recipients is
limited. One single-center study evaluated the performance
of LFA in the BALF samples of 82 patients at risk for [PA
but without hematological malignancy. Twenty-seven of
these patients were SOT recipients, including 24/27 (89%)
who were lung transplant recipients; of these patients, 5 were
diagnosed with IPA (proven/probable 2, possible 3) and 19
without IPA. In this study, the sensitivity and specificity of the
visual readout in SOT recipients was 50% and 48%, respec-
tively [31e]. Further studies are currently under progress.

Intensive Care Unit/Other Patients

Only one study has evaluated the GM-LFA with visual read-
out assay in patients in the intensive care unit (ICU) or those
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with other non-hematologic diseases. In a single-center study,
82 BALF samples from 82 patients at risk for IPA were ana-
lyzed. IPA was classified according to the revised EORTC/
MSG criteria [41] and a modified version of the Blot algo-
rithm [31e°]. The majority of patients were either in the ICU
(15/82, 18%) or had other chronic underlying diseases such as
cystic fibrosis, asthma, HIV, rheumatoid arthritis, interstitial
lung disease, or liver cirrhosis (33/82, 40%). Based on
EORTC/MSG criteria, 9/48 (19%) were classified as
probable/proven IPA and 39/48 (81%) no IPA; according to
BLOT criteria, 16/48 (33%) were classified as putative/proven
IPA and 32/48 (67%) no IPA. In this study, the sensitivity and
specificity of the GM-LFA was 11/18 (61%) and 28/35 (80%)
in patients in the ICU or those with other diseases.

Performance of GM-LFA Using Cube Reader
Readout

Hematology Patients

Multiple studies have evaluated the performance of GM LFA
using automated reader on BALF and serum from patients
with hematologic malignancies. A single center study evalu-
ated the performance of GM LFA using automated readout on
serum samples of 239 hematologic cancer patients, including
41 cases of proven/probable IPA and 188 controls. Serum
GM-LFA had a sensitivity of 49% and a specificity of 95%,
with a negative predictive value of 90% for probable/proven
IPA vs controls. The performance of ELISA-GM was similar
to that of GM-LFA, with a sensitivity of 44% and a specificity
of 99%, with a negative predictive value of 89% [30]. In
another study of the GM-LFA from BALF and sputum sam-
ples, a total of 398 respiratory samples from 390 patients were
evaluated, of which 52 samples were positive for Aspergillus
spp. by culture and microscopy, 254 were positive for either
microscopy or culture, and 92 samples negatives by both cul-
ture and microscopy. The GM-LFA had a diagnostic accuracy
of 92% for differentiating samples that were positive by cul-
ture and microscopy from those that were negative by both.
For differentiating samples that were either positive by culture
or microscopy versus negative samples, sensitivity was 90%
and specificity 84% [33]. In a recent single-center retrospec-
tive case control study of 179 serum samples from 136 pa-
tients with invasive fungal disease, the GM- LFA with digital
reader had a sensitivity of 96.9% (31/32) and a specificity of
98% (98/100) at a positive GM threshold of > 0.5.
Furthermore, the agreement between the LFA and ELISA
GM test was 89%, with the most common discordance due
to false negative ELISA GM values that were positive with
GM-LFA [42]. Finally, a recent multicenter study that includ-
ed BALF samples from 63 patients with hematological malig-
nancies, including 35 with probable or proven IPA, found a
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AUC of 0.917 (95% CI 0.847-0.988) for differentiating
probable/proven versus no IPA, and a sensitivity of 80% and
specificity of 89% when using a LFA cutoff of 1.0 ODI, while
specificity increased to 96% (sensitivity 71%) when increas-
ing the cutoff to 2.0 ODI [43+¢]. Of note, performance of GM-
LFA in that study was not impacted by mold-active
prophylaxis.

Solid Organ Transplant Recipients

To date only two studies have evaluated performance of GM-
LFA with digital read out in SOT recipients. One multicenter
study included BALF samples from 33 SOT recipients, of
whom 9 had probable or proven IPA. In that study, the
AUC for GM-LFA was 0.806 (95% CI 0.659-0.953), and
therefore lower than for other patient groups. In terms of
cut-off, a 1.0 ODI cutoff exhibited 100% sensitivity, but only
42% specificity. Specificity was 83% at a cut-off of 2.0 ODI
(sensitivity 56%) [43+¢]. In another recent study on the perfor-
mance of GM-LFA in BALF samples of a diverse population
that included mostly SOT recipients, the use of a digital reader
for the diagnosis of proven/probable IPA resulted in higher
specificity when compared to visual read out (up to 94% vs.
84%), but did not affect the sensitivity of the test which was
low (40%) [44]. Publication of those findings is currently in
progress.

Intensive Care Unit/Other Patients

To date, only one study has evaluated the performance of the
BALF GM-LFA assay using a digital reader for the diagnosis
of IPA in ICU patients. This multicenter study included pa-
tients from Austria, Germany, and the USA, including 153
patients classified as ICU/other patient groups (i.e., without
hematological malignancy and not SOT recipients). Of those,
44 had either putative or proven IPA, and GM LFA had an
AUC 0f 0.867 (95% C10.797-0.937) for differentiating those
with putative/proven IPA from those without IPA [43¢]. In
terms of cut-off, 1.0 ODI showed 80% sensitivity and 75%
specificity, while 1.5 ODI showed 73% sensitivity, and there-
fore increased 83% specificity. Further studies in ICU pa-
tients, including studies focusing specifically on diagnosis of
COVID-19-associated aspergillosis are currently in progress.

Conclusion/Future Steps

The CE-certified IMMY sona Aspergillus Galactomannan
LFA has advanced over recent years, with an automated cube
reader now included in LFA kits, making the tests comparable
across study sites and allow for more investigation of quanti-
tative test performance. It is currently in the process of getting
FDA approval. While this is not an assay that allows for

testing directly at the bedside, it can be performed in rudimen-
tary laboratories, requiring only pretreatment, heating, and
centrifugation before testing. Most studies to date have pub-
lished performance of the LFA in patients with hematological
malignancies, where the assay showed very good to excellent
discriminatory power for IA in serum and BALF samples,
with performances similar to GM. Larger multicenter studies
are needed to investigate performance of the LFA diagnosis of
IA in other patient groups who are increasingly reported at risk
for TA, such as SOT recipients or patients in the ICU. As an
important next step, reliable definitions of IA are needed for
the non-hematology settings as clinical presentation and ra-
diologic findings differ.

In conclusion, the Aspergillus Galactomannan LFA shows
promise as a new and reliable test for the diagnosis of A and
may serve a role as a rapid test that that may replace ELISA
GM testing in settings where GM results are not rapidly
available.
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