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Abstract

Background: Detection of biomarkers, such as galactomannan (GM), has proven to be of great significance in early
recognition of invasive aspergillosis (IA). The aim of our study was to evaluate the lateral flow assay (LFA) for the
detection of GM on serum and bronchoalveolar lavage (BAL) samples previously proven positive by enzyme-linked
immunosorbent assay (ELISA).

Methods: The study was performed on serum and BAL samples obtained from patients with suspected IA in the
period from February 2019 to January 2020, which were previously GM positive by ELISA (Platelia Aspergillus Ag,
Biorad, Hercules, USA). Samples were then tested by LFA (Aspergillus Galactomannan LFA, IMMY, Oklahoma, USA)
with test line intensity visually read as 1+, 2+, 3+, or 4+

Results: A total of 45 GM ELISA positive serum and/or BAL samples were obtained from 41 patients; 25 (55.6 %)
were BAL and 20 (44.4 %) serum samples. LFA showed a positive result in 39 out of 45 (86.7%) GM ELISA positive
samples; 22/25 (88.0 %) BAL samples and 17/20 (85.0 %) serum samples tested positive. In BAL samples, low inten-
sity test line of 1+ was significantly more frequentin GM ELISA positive samples with optical density index (ODI) < 1.0
(p=0.0002). Three serum samples with high GM ELISA ODI (>4.0) had low intensity line of 1+ when tested with LFA.

Conclusions: Results obtained by LFA are comparable to GM ELISA. Since low intensity lines were found in serum
samples with high ODI, this potentially makes BAL a superior sample for LFA, at least when visual and not automated
reading is done.

Sazetak

Uvod: Odredivanje galaktomanana (GM) igra znacajnu ulogu u ranom otkrivanju invazivne aspergiloze (IA).
Cilj je ovog istraZivanja bila evaluacija imunokromatografskog testa (LFA) za odredivanje GM u uzorcima seru-

ma i bronhoalveolamih lavata (BAL) s pozitivnim rezultatom koji su utvrdeni prethodno napravijenom ELISA
metodom.

Metode: IstraZivanje je napravljeno na uzorcima seruma i BAL-a pacijenata sa sumnjom na IA prikupljenim u
razdoblju od veljace 2019. do sijecnja 2020. godine. Uzordi s pozitivnim rezultatom utvrdenim ELISA metodom
(Platelia Aspergillus Ag, Biorad, Hercules, USA) testirani su s LFA (Aspergillus Galactomannan LFA, IMMY, Norman,
Oklahoma, USA) s vizualnim ocitavanjem testne linije u rasponu 14, 24, 3+, ili 4+,

Rezultati: Od 41 bolesnika dobiveno je 45 pozitivnih uzoraka seruma i/ili BAL-a testiranih GM ELISA metodom;
25 (55.6 %) uzoraka BAL-a i 20 (44.4 %) uzoraka seruma. LFA je pokazao pozitivni rezultat kod 39 od 45 (86.7%)
uzoraka pozitivnih GM ELISA metodom; 22/25 (88.0 %) uzoraka BAL-a i 17/20 (85.0 %) uzoraka seruma. Kod
uzoraka BAL-a, testna linija slabog intenziteta 1+ bila je znacajno CeS¢a kod pozitivnih uzoraka testiranih GM
ELISA metodom s ODI < 1.0 (p=0.0002). Tri uzorka seruma s visokim ODI (>4.0) imala su pri testiranju s LFA
testnu liniju slabog intenziteta 1+

Zakljucak: Rezultati dobiveni s LFA usporedivi su s GM ELISA metodom. S obzirom da su testne linije niskog in-
tenziteta utvrdene u uzorcima seruma s visokim ODI, uzorci BAL-a su potencijalno pogodniji uzorci za LFA, barem
kad se radi o vizualnom, a ne automatiziranom ocitavanju testa.
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Introduction

Aspergillus species is a diverse group of saprophytic
and ubiquitous airborne fungi predominantly found in
soil and on decaying vegetatation'" 2. Basically, every-
one during their lifetime will at some point inhale
Aspergillus spores, but adequate immune respiratory
tract defences such as mucociliary clearance, phagocy-
tosis by alveolar macrophages, and/or neutrophils pre-
vents localized colonization and further damage®®.. As-
pergillus infection can exhibit a wide range of clinical
presentations, but the most severe form of disease is
invasive aspergillosis (IA) with dissemination to other
organs, most commonly, the brain and the kidneys!'.

Unfortunately, due to the expanding population of
immunocompromised patients, the incidence of IA is
increasing. Globally, it is estimated that there are over
300,000 cases of IA diagnosed annually, with mortality
rate ranging from 30 to 80%!*°. The most significant
risk factors include several immunosuppressive con-
ditions such as prolonged neutropenia (generally >7
days), T cell defects, haematological malignancies with
or without stem cell transplantation, acquired immu-
nodeficiency syndrome (AIDS), chronic granuloma-
tous disease, solid organ transplantation (SOT), and
prolonged immunomodulatory therapy!® 7.

Regardless of these risk factors for developing IA,
this condition should also be considered in any critically
ill patient, especially those with protracted hospitaliza-
tion. IA is increasingly encountered in intensive care unit
(ICU) environment even in non-immunocompromised
patients, but with certain chronic comorbidities, such as
chronic obstructive pulmonary disease, decompensated
liver disease or cirrhosis, diabetes mellitus, autoimmune
disorders and prior viral or bacterial pneumonia'®?..

There are two significant viral diseases which par-
ticularly facilitate Aspergillus invasion and have been
recognized as important entities by medical mycology
societies: influenza-associated pulmonary aspergil-
losis (IAPA) and COVID-19-associated pulmonary
aspergillosis (CAPA). Both respiratory viruses cause
impairment of the airway epithelium, thus enabling
damage to the lung tissue by numerous fungal patho-
gens, including Aspergillus. Moreover, viral infections
themselves cause immune system malfunction which
can be further debilitated by corticosteroids and other
immunomodulatory drugs used in treatment of such
conditions. In patients with COVID-19 pneumonia,
especially severe cases, a decline in T-cell populations
is observed!"’l. A is especially emerging in influenza
patients who are being admitted to the intensive care
unit (ICU). The median time between the viral pneu-
monia diagnosis and aspergillosis development was 5
days for IAPA and 10 days for CAPA, respectively!!" 2],
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A recent Dutch-Belgian multicentre study over
seven influenza seasons in seven institutes showed that
the 90-day mortality rate for ICU patients with IAPA
was almost double that of ICU influenza patients with-
out TAPA (51% vs. 28%)[1, It seems that the same trend
applies to CAPA, whereas higher 30-day mortality was
observed in patients with CAPA than in patients with-
out Aspergillus superinfection (44% vs 19%)!°.

To this day significant efforts have been made to
improve diagnostic algorithms for IA. Conventional
methods based on culture, microscopic examination
of primary sterile specimens and bronchoalveolar lav-
age (BAL) as well as histopathological demonstration
of tissue invasion through different stains (Calcofluor
White™, Gomori's methenamine silver stain, periodic
acid-Schiff) are still the golden standard for diagnosis
of proven TA. However, these conventional methods
have several serious drawbacks including the necessity
of obtaining the invasive sample, low sensitivity and
long turnaround time!”®l. There are novel, non-cul-
ture based molecular techniques, such as PCR, but the
downside is their cost and utility, especially in small,
low resource laboratories. On the other hand, detec-
tion of biomarkers, such as galactomannan (GM) has
proven to be of great value in early recognition of IA.
ELISA method for detecting GM has been commer-
cially available for more than two decades now, but its
use is limited with obstacles such as high cost and long
turnaround time. Namely, ELISA method requires
batching of samples resulting in suboptimal report-
ing time with possible questionable impact on patient
management. Lateral flow assay (LFA) is now an avail-
able alternative for single sample testing, especially in
low-volume settings, with the results available in 30
minutes!.

The aim of our study was to evaluate the LFA test
for detection of GM on serum and BAL samples previ-
ously positive by ELISA method.

Methods

The study was performed on serum and BAL sam-
ples obtained from patients with suspected IA in the
period from February 2019 to January 2020 that pre-
viously tested GM positive by ELISA method (Platelia
Aspergillus Ag, Biorad, Hercules, USA). GM results in
ELISA method are reported as optical density index
(ODI) and according to the manufacturer's instruc-
tions samples with ODI>0.5 were considered positive.

Samples with positive ELISA result were then test-
ed by LFA (Aspergillus Galactomannan LFA, IMMY,
Norman, Oklahoma, USA). Both sera and BAL sam-
ples (300 pL) underwent pre-treatment procedure to
allow adequate binding of the detecting antibodies;
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they were vortexed, heated to 120° C in order to de-
nature the immunoglobulins and any other poten-
tially interfering proteins, and centrifuged, following
the manufacturer’s instructions. An aliquot was trans-
ferred to a second tube and mixed with a running
buffer. Test strips were then inserted into 80 pL of at-
tained supernatant and the results were read after 30
minutes. The presence of two lines (control and test
line), regardless of their intensity, was interpreted as
a positive result. Negative result forms only one line
(control line). If the control line fails to develop, the
test is deemed invalid. The intensity of the test line was
visually read using the reading card included in the kit
and ranked according to the intensity scale defined by
the manufacturer from 1+ to 4+ (Figure 1).

Statistical analysis included descriptive frequency
tables and Fisher’s exact test. A P-value less than 0.05
was considered significant.

FIGURE 1. LATERAL FLOW ASSAY (LFA) SHOWING POSITIVE RE-
SULT WITH TEST LINE INTENSITY 3+
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Results

A total of 41 patients, 29 males and 12 females, with
positive GM result in serum and/or BAL sample ob-
tained by ELISA method were included in the study.
The median age was 53.1 years (range 2-77). A total

of 45 GM ELISA positive serum and/or BAL samples
were obtained from 41 patients included in the study.
Out of a total of 45 samples, 25 (55.6 %) were BAL and
20 (44.4 %) were serum samples. In four patients two
samples were obtained - in one patient two serum
samples, in other patient two BAL samples and in two
patients both, serum and BAL sample. The most com-
mon underlying disease in the patients included in the
study was haematological malignancy (n=17, 41.5%)
followed by solid organ neoplasms (n=6, 14.6 %) and
solid organ transplantation (n=3, 7.3 %) (Table 1).

TABLE 1. DEMOGRAPHIC DATA AND UNDERLYING DISEASES OF PA-
TIENTS WITH SUSPECTED INVASIVE ASPERGILLOSIS AND POSITIVE
GALACTOMANNAN RESULT OBTAINED BY ELISA METHOD (N=45)
TABLICA 1. DEMOGRAFSKI PODACI I OSNOVNA BOLEST PACIJENATA
SA SUSPEKTNOM INVAZIVNOM ASPERGILOZOM I POZITIVNIM REZUL-
TATOM GALAKTOMANANA DOBIVENIM ELISA METODOM (N=45)

Gender (m/f) 29/12
Median age (range) 53.1(2-77)
Underlying disease n (%)
Hematologic malignancy 17 (41.5%)
Solid organ neoplasm 6 (14.6%)
Solid organ transplantation 3 (7.3%)

Other 15 (36.6%)

LFA displayed a positive result in 39 out of 45
(86.7%) GM ELISA positive samples. Among 39 LFA
positive samples, 22/25 (88.0 %) BAL samples and
17/20 (85.0 %) serum samples tested positive. In more
than half of LFA positive samples (20/39, 51.3 %), the
test line intensity was 1+. In BAL samples, low inten-
sity test line of 1+ was significantly more frequent in
GM ELISA positive samples with ODI < 1.0 (7/7, 100
%) than with ODI > 1.0 (2/15, 13.3 %) (p=0.0002). In
serum samples low intensity test line of 1+ was not sig-
nificantly more frequent in GM ELISA positive sam-
ples with ODI < 1.0 (3/4, 75%) than with ODI > 1.0
(8/13,61.5 %) (p=1.0). Moreover, three serum samples
with high GM ELISA ODI (>4.0) had low intensity
line of 1+ when tested with LFA.

Out of six LFA negative samples, sera and BAL
were equally represented (n=3) and the majority of
these samples (5/6, 83.3 %) had ODI < 1.0 (Table 2).

Discussion

Detection of fungal biomarkers is widely used di-
agnostic tool for IA. GM is a polysaccharide compo-
nent of Aspergillus spp. cell wall and is released during
invasive fungal infections. It can be successfully de-
tected in patients' serum and BAL samples and is more
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TABLE 2. COMPARISON OF GALACTOMANNAN IMMUNOENZYMATIC ASSAY (ELISA) AND LATERAL FLOW ASSAY (LFA) oN SERUM (N=20)

AND BRONCHOALVEOLAR LAVAGE (BAL, N=25) SPECIMENS

TABLICA 2. USPOREDBA REZULTATA IMUNOENZIMSKE METODE (ELISA) I IMUNOKROMATOGRAFSKOG TESTA (LFA) ZA OTKRIVANJE

GALAKTOMANANA U UZORCIMA SERUMA (N=20) I BRONHOALVEOLARNIH LAVATA (BAL, N=25)

Lateral flow assay result

Lateral flow assay test line intensity

Positive serum samples (N=17) 11 4
Negative serum samples (N=3) N/A N/A
Positive BAL samples (N=22) 9 7
Negative BAL samples (N=3) N/A N/A

ELISA OD value

<1.0 1.0-5.0
1 1 4 10 3
N/A N/A 3 0 0
3 3 7 6 9
N/A N/A 2 1 0

OD = optical density; N/A = not applicable; BAL = bronchoalveolar lavage

sensitive than culture for diagnosis of IA. Presence of
GM in serum can be detectable several days (usually
5 to 8) before clinical signs, radiological evidence or
positive culture!® *. Furthermore, presence of GM in
BAL specimens precedes its appearance in serum as
the lungs are the primarily affected organ!'®..

In tertiary care settings, GM was so far commonly
detected by commercial ELISA assay that has already
been extensively evaluated by numerous studies. A
meta-analysis of the Cochrane database showed a sen-
sitivity and specificity of, respectively, 82% and 81%
for a cut-off value of 0.5!""\. Sensitivity of serum GM
testing is significantly lower in non-neutropenic ver-
sus neutropenic patients. In serum samples an ODI
cut-off of 0.5 results in high sensitivity in haematolog-
ical patients in the absence of mould-active prophylax-
is. GM detection in BAL specimens has higher sensi-
tivity with evidence that ODI of 0.5-1.0 has decreased
predictive values compared with results of >1.01!> 15 19],

Recently available LFA (Aspergillus Galactoman-
nan LFA, IMMY, Norman, Oklahoma, USA) repre-
sents further improvement in mycology providing low
cost, rapid test results and no further need for spec-
imen batching, which is usually the case with ELISA
method. LFA is a qualitative and quantitative immu-
nochromatographic test system which also enables
detection of Aspergillus spp. GM in serum and BAL
samples. GM-specific antibodies conjugated to colloi-
dal nano-gold bind to GM, if it is present in the sam-
ple, and the antibody-antigen complex migrates up the
strip until it is captured by the GM-specific antibodies
in the test linel"*.

The LFA uses a proprietary mix of two different
mAbs: the ME-A5 human immunoglobulin G (IgG)
monoclonal, and an undisclosed proprietary mAb
with an unknown target. The ME-A5 mAb targets
similar or identical epitope as the EB-A2 rat mAb used
in the Platelia™ GM ELISA. Most studies to date have
published performance of the LFA in patients with
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haematological malignancies, where the assay showed
very good to excellent discriminatory power for IA in
serum and BAL samples, with performances similar to
GM ELISA. To this day, studies have focused mainly
on the performance of the LFA when testing respirato-
ry samples (e.g., BAL), generating sensitivity and spec-
ificity of 83 to 92% and 91 to 92%, respectively2® 222,
The first evaluation of the LFA to assist in the diagnosis
of IA when testing serum samples showed sensitivity
and specificity of 96.9% and 98%, respectively'®’]. Larg-
er multicentre studies are needed to investigate per-
formance of the LFA diagnosis of IA in other patient
groups who are increasingly reported at risk for IA,
such as SOT recipients or patients in the ICUR2"22,

Galactomannan is not strictly specific to Aspergil-
lus spp. and can be secreted by other fungal pathogens
(Histoplasma, Alternaria, Fusarium, and Penicillium),
which may lead to false-positive results. However, it
has very satisfactory negative predictive value (NPV)
of >90% and thus may help exclude IA" I, For LFA
in a retrospective study of sputum and BAL samples,
cross-reactivity with Scedosporium spp., Fusarium
spp., Saccharomyces cerevisiae, Candida parapsilosis,
and Geotrichium spp. has been described?.

In our study LFA detected 86.7% of samples that
were positive with GM ELISA. LFA has similar posi-
tivity in BAL and serum samples (88.0 vs. 85.0%) when
samples previously positive by GM ELISA were tested.
While in BAL samples low intensity test line of 1+ was
significantly more frequent in GM ELISA positive
samples with ODI < 1.0 than with ODI > 1.0, with se-
rum samples that was not the case. Observation no-
ticed in our study were low intensity test lines (1+) that
were found even in serum samples with high ODI
(>4.0). This could be explained by potentially interfer-
ing substances found in the serum samples although
heating to 120 °C is included in LFA protocol to dena-
ture the immunoglobulins and any other potentially
interfering proteins. Another explanation could be the
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visual readout of the test line that may be influenced
by the individual interpretation of the test line, espe-
cially for weak positive test results that were men-
tioned in previous studies?. An automated readout
with quantitative results reporting GM index and
manufacturer’s recommended positivity threshold
(GMI = 0.5) is now available which could circumvent
this drawback!!* 223,

We are aware of different cut-oft levels for GM ELI-
SA ODI suggested by guidelines from different med-
ical societies that should be used when BAL samples
are tested. According to ESCMID-ECMM-ERS guide-
lines ODI of 0.5-1.0 has decreased predictive values
compared to results of >1.0 which is the cut-off usually
used in our hospital when the ELISA GM result is in-
terpreted in the clinical context!"®. On the other hand,
EORTC/MSGERC guidelines consider ODI >0.8 in
BAL significant®!. In our study, when comparing two
methods, we used only the cut-off level from manufac-
turer’s instructions according to which samples with
ODI =0.5 were considered positive. If cut-off level
for GM ELISA BAL positivity of > 1.0 was used, LFA
would have higher positivity rate of 93.75% (15/16)
in ELISA GM BAL positive samples in comparison
to 88.0% (22/25) observed when BAL samples with
ODI >0.5 were tested. Furthermore, if cut-off level for
GM ELISA BAL positivity of >1.0 was used, the visual
readout and subjective interpretation of LFA on BAL
samples would be less important critical factor since
our study showed that low intensity test line of 1+ was
significantly more frequent in GM ELISA positive
BAL samples with ODI <1.0.

Conclusion

Preliminary results of LFA evaluation in our study
are in accordance with the literature data and support
the fact that results obtained with this test are com-
parable to GM ELISA and serve as useful tool in TA
diagnostics. To our knowledge this is the first study
comparing LFA semiquantitative results in a form of
test line intensity with ODI obtained with GM ELI-
SA in the same sample. Since low intensity lines (1+)
were found even in serum samples with high ODI,
this potentially makes BAL a superior sample when it
comes to galactomannan detection with LFA, at least
when visual and not automated reading is done. The
advantages of this test are its promptness, simplicity
and the ability to test individual samples. Although the
visual readout of the test line may be influenced by the
individual interpretation, an automated readout with
quantitative results is available now. The major gain
over ELISA method is that GM detection becomes ac-
cessible to smaller laboratories with limited number of

samples since it is not necessary to collect sufficient
number of samples for testing to be cost effective.
Establishing diagnosis is still complex, time con-
suming and multidisciplinary approach is oftentimes
required. Each patient must be assessed individually
based on combination of clinical data, radiological
evidence and microbiology findings. Fortunately, pro-
gress in the field of mycology regarding GM detection
has demonstrated promising results obtained by com-
mercially available immunochromatographic assays.
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