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Abstract

Background: Detection of galactomannan (GM) from bronchoalveolar lavage fluid
(BALF) or serum is broadly used for diagnosis of invasive aspergillosis (IA), although
the sensitivity of GM from serum is lower in non-neutropenic patients. We evalu-
ated the Aspergillus galactomannan Lateral Flow assay (LFA) with digital readout from
serum in a mixed cohort of patients.

Methods: We performed a retrospective two-centre study evaluating the LFA from
serum of patients with clinical suspicion of IA obtained between 2015 and 2021 at the
University of California San Diego and the Medical University of Graz. The sensitivity
and specificity was calculated for proven/probable aspergillosis versus no aspergil-
losis. Correlation with same-sample GM was calculated using Spearman correlation
analysis and kappa statistics.

Results: In total, 122 serum samples from 122 patients were analysed, including
proven IA (n = 1), probable IA or coronavirus-associated pulmonary aspergillosis
(CAPA) (n = 27), and no IA/CAPA/non-classifiable (n = 94). At a 0.5 ODI cut-off, the
sensitivity and specificity of the LFA was 78.6% and 80.5%. Spearman correlation
analysis showed a strong correlation between serum LFA ODI and serum GM ODI (p
0.459, p < .0001). Kappa was 0.611 when both LFA and GM were used with a 0.5 ODI
cut-off, showing substantial agreement (p < .001).

Discussion: The LFA with digital read out from serum showed good performance for
the diagnosis of probable/proven aspergillosis, with substantial agreement to GM from
serum. Like the LFA from BALF, the LFA from serum may serve as a more rapid test

compared to conventional GM, particularly in settings where GM is not readily available.
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1 | INTRODUCTION

Invasive aspergillosis (IA) continues to emerge as a major cause of
morbidity and mortality, including among non-traditional risk groups
such as critically ill patients in the intensive care unit (ICU),* including
those with severe coronavirus disease 2019 (COVID-19) infection.?

Although microscopy and culture are the gold standard for the
diagnosis of IA, sensitivity is limited® and therefore the detection of
the fungal cell wall component galactomannan (GM) from broncho-
alveolar lavage fluid (BALF) or serum* is commonly used (sensitivity
78% and specificity 85% at 0.5 cut-off, sensitivity 71% and specific-
ity 90% at 1.0 cut-off), although the sensitivity of GM from serum
is low in non-neutropenic patients and those with SARS-CoV-2 as-
sociated pulmonary aspergillosis (CAPA).2>¢ Furthermore, the sen-
sitivity of GM from blood declines in those on antifungal prophylaxis
or treatment.>”® Other molecular tests such as polymerase chain
reaction lack standardisation, have variable diagnostic performance
across studies and settings, with declining performance in those on
mould-active prophylaxis.” Thus, there is a need for improved diag-
nostics from blood for IA.

The performance of the IMMY sona Aspergillus GM Lateral Flow
assay (LFA; IMMY) with manual readout in BALF demonstrated a
sensitivity and specificity of 77% and 81%, respectively.’?™1% A re-
cent multicentre study in a mixed cohort of patients found a sensi-
tivity of 74% and specificity of 83% with digital readout from BALF
at an optical density cut-off (ODI) of 1.5, with stable test perfor-
mance across centres and patient groups.14 In serum, the LFA with
digital readout was evaluated in three studies focusing exclusively
on patients with haematologic malignancy, with one study reporting
a sensitivity of 49% and a specificity of 95%,'> and two reporting
higher sensitivities of 96.9%% and 90.9%'7 with specificities be-
tween 90% and 96% at an ODI of 20.5. However, evaluation of the
LFA test with digital readout from serum outside the haematologic
malignancy setting is lacking.

We performed a retrospective two-centre study evaluating the
LFA with digital readout from serum in a mixed cohort of patients.

2 | METHODS

A total of 122 serum samples from 122 patients with various un-
derlying diseases with clinical suspicion of IA and a GM ordered
between 2015 and 2021 at the University of California San Diego
(UCSD), United States, and the Medical University of Graz, Austria,
were retrospectively analysed.

Aspergillus disease was classified according to the revised
European Organization for Research and Treatment of Cancer
(EORTC)/Mycoses Study Group (MSG) criteria,'® and for those with
severe COVID-19 as the only risk factor according to the European
Confederation of Medical Mycology (ECMM)/International Society
for Human and Animal Mycoses criteria. Importantly, the EORTC/
MSG criteria are only applicable to patients with cancer, trans-
plant recipients and other severely immunocompromised patients.!

Patients who did not fall into either of these categories but who had
clinical, radiological and mycological evidence of IA were catego-
rised as non-classifiable.

GM (Platelia Aspergillus Ag ELISA; Bio-Rad Laboratories) was
routinely and prospectively performed in the majority of samples
at each participating centre before samples were stored at -70°C
for up to 5 years. Between January 2020 and April 2021 these
serum samples where thawed, vortexed, and tested with the LFA
according to the manufacturer's instructions, as previously de-
scribed.’* Test lines intensities were first read by naked eye by
two investigators blinded to disease classification and then by an
automated cube reader that was included with the test kits and
displayed in ODI.*

Statistical analyses were performed using SPSS 25 (SPSS Inc.).
For continuous data, including LFA and GM ODls, receiver operating
characteristic curve analyses were performed and area under the
curve (AUC) values were presented including 95% confidence inter-
vals (95% Cl) for the outcomes proven/probable aspergillosis (vs. no
aspergillosis) in the overall study cohort and sub-cohorts. LFA ODI
cut-offs of 0.5 ODI and 1.0 ODI were compared by calculating sen-
sitivity and specificity for aspergillosis (ie fulfilling criteria of proba-
ble or proven) versus no aspergillosis (exclusion of cases that were
non-classifiable). Correlation between serum GM and LFA ODIs was
calculated using Spearman rho correlation analysis due to the non-
normal distributions as well as Kappa statistics. Two-sided p < 0.05
was taken as cut-off for statistical significance. The study proto-
col and all study-related procedures were approved by the Human
Research Protections Program at UCSD (IRB project no. 171104),
and the Medical University of Graz (EC no. 23-343).

3 | RESULTS

Of 122 serum samples, 50 were from the UCSD and 72 from the
Medical University of Graz. The LFA produced valid results in all
samples. One patient fulfilled criteria of proven IA, 27 probable IA
or CAPA, and 87 did not fulfil criteria for IA or CAPA. Seven patients
were non-classifiable.

The majority of patients were male (77/122, 63% vs. 45/122,
37% female) and median age was 57 vyears (range 22-88).
Underlying haematological malignancy was present in 55/122 pa-
tients (45%), 24/122 (20%) had chronic pulmonary diseases, 8/122
(7%) were solid organ transplant (SOT) recipients, 5/122 (4%) had
liver cirrhosis, 3/122 human immunodeficiency virus infection,
2/122 had autoimmune disease requiring systemic corticoste-
roid treatment, and 2/122 had a solid malignant tumour (Table 1).
Lastly, 59/122 (48%) were in the ICU for severe COVID-19 in-
fection (including 6 with underlying haematological malignancy,
of which 5/6 did not have CAPA); of these 59 patients, 28 had
no other underlying disease predisposing them for IA other than
COVID-19 at the time the sample was obtained. Sixty-four percent
(18/28) of those with probable/proven IA/CAPA and 43% (40/94)
of patients without IA/CAPA died.
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TABLE 1 Demographic data and underlying diseases of the study

Other traditional underlying
diseases predisposing for IA but no
haematological malignancy (n = 39)

Haematological
malignancy (n = 55)

Diagnosis,Therapy and Prophylaxis of Fungal Diseases

COVID-19 acute respiratory failure
but no other underlying disease
predisposing for IA (n = 28)

Age (median, IQR) 55 (48-65) 57 (49-69) 60 (54-76)

Female sex (n, %) 22 (44%) 11 (28%) 12 (43%)

COVID-19 acute respiratory failure (n, %) 6 (11%) 25 (64%) 28 (100%)

Structural pulmonary disease (n, %) 2 (4%) 23 (59%) 0

Solid organ transplantation (n, %) 1(2%) 7 (18%) 0

Child Pugh C liver cirrhosis (n, %) 0 5(13%) 0

HIV (n, %) 0 3(8%) 0

Autoimmune disease with systemic 0 2 (5%) 0
corticosteroids (n, %)

Solid malignant tumour (n, %) 0 2 (5%) 0

Overall mortality (n, %) 27 (49%) 16 (41%) 15 (54%)

30-day mortality (n, %) 15 (27%) 12 (31%) 13 (46%)

Proven or probable IA/CAPA (n, %) 20 (36%) 6 (15%) 2(7%)

Abbreviations: CAPA, COVID associated pulmonary aspergillosis; COVID-19, coronavirus disease 2019; HIV, human immunodeficiency virus; IA,

invasive aspergillosis; ICU, intensive care unit; IQR, interquartile range.

TABLE 2 Sensitivity and Specificity
for the Serum Lateral Flow Assay with
automated read out for diagnosing
proven/probable invasive aspergillosis
or COVID-19 associated pulmonary
aspergillosis versus no IA in the Overall
Study Cohort and Subgroups. Evaluation
of Different Optical Density Index (ODI)
cut-offs

LFA Cut-off/patient
group

Overall

Haematological
malignancy

Other traditional

underlying diseases
predisposing for IA
but no haematological
malignancy
COVID-19 acute
respiratory failure but
no other underlying
disease predisposing

0.5 ODI 1.0 0DI

Sensitivity Specificity Sensitivity Specificity

79% (22/28) 80% (70/87)  50% (14/28) 97%
(84/87)

85% (17/20) 72% (23/32)  55% (11/20) 97%
(31/32)

83% (5/6) 76%(22/29)  50% (3/6) 93%
(27/29)

0% (0/2) 96% (25/26) 0% (0/2) 100%

(26/26)

for IA

Abbreviations: COVID-19, coronavirus disease 2019; IA, invasive aspergillosis; LFA, lateral flow
assay; ODI, optical density index.

The visual read out performance varied between the investigators
with sensitivities of 67.9% and 78.6% and specificities of 70.1% and
67.8% for differentiating probable/proven disease versus no aspergil-
losis. Performance improved when using the automated read out at
the recommended 0.5 ODI cut-off, with a sensitivity of 78.6% (22/28)
and a specificity of 80.5% (70/87). When increasing the cut-off to 1.0
ODI, the LFA had a decreased sensitivity (14/28, 50%) but increased
specificity (84/87, 96.6%). Overall results and those for subgroups are
displayed in Table 2.

Receiver operating characteristic curve analysis showed an
AUC of 0.809 (95% CI 0.698-0.921) for the serum LFA for differ-
entiating probable/proven disease versus no aspergillosis (Figure 1).
The serum LFA tended to be more discriminatory in patients with

underlying haematological malignancies (AUC 0.853, 95% CI 0.750-
0.977; n = 20 with probable/proven disease) versus those without
haematological malignancy (AUC 0.677, 95% Cl 408-975; n = 8 with
probable/proven disease; p = 0.12 Hanley McNeil). When excluding
those with COVID-19 as the only risk factor for IA/CAPA and an-
alysing all non-haematological malignancy patients with other un-
derlying predisposing disease (total n = 39), AUC was 0.810 (95% Cl
0.554-1.000). Only two cases of CAPA were observed among the
remaining 28 patients with COVID-19 in whom COVID-19 infection
was the sole risk factor for CAPA.

Same-day serum GM ODI were available in 111/122 samples
and AUC of serum GM ODI was 0.915 (95% Cl 0.851-0.979; AUC
for serum LFA ODI in those samples 0.830, 95% Cl 0.719-0.941)
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for differentiating probable/proven IA/CAPA versus no IA/CAPA.
Among those with probable/proven aspergillosis where same-day
serum GM gave a positive result (0.5 ODI), serum LFA sensitivity
was 91.3% (21/23, 0.5 ODI cut-off), while sensitivity was 20% (1/5)
in those with probable/proven disease where same-day serum GM
was negative. Spearman correlation analysis showed a strong cor-
relation between serum LFA ODI and serum GM ODI (rho 0.459,
p < 0.0001; Figure 2). Kappa was 0.611 when both LFA and GM
were used with a 0.5 ODI cut-off, showing substantial agreement
(p <.001).

Thirty-eight per cent (46/122) were receiving mould-active an-
tifungal prophylaxis or treatment at the time of serum sampling but
this did not impact discriminatory power of the LFA (AUC 0.900,
95%Cl 0.795-1.000, n = 13 with probable/proven disease).

4 | DISCUSSION
We evaluated the LFA from serum in a mixed patient cohort and
found that when used with the automated reader the LFA from
serum showed a strong correlation with serum GM and a good per-
formance for diagnosing probable/proven aspergillosis. At a 0.5 ODI
cut-off the overall sensitivity and specificity was 78.6% and 80.5%,
respectively, in differentiating probable/proven disease versus no
aspergillosis with similar performance in patients without haema-
tological malignancies (eg, 83.3% sensitivity and 75.9% specificity
in those with other established risk factors for IA but without hae-
matologic malignancy), which represented 55% of our study cohort.
Previously the LFA with automated read out was evaluated exclu-
sively in serum samples from patients with haematological malignan-
cies, where two studies found higher sensitivity and specificity'®*’
and one a lower sensitivity, compared to our findings.**

The serum LFA has several advantages over GM ELISA testing,
including that it allows for single sample testing, requires minimal
laboratory equipment so can potentially be performed at a lower
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cost than ELISA testing, and has shorter turn-around times, making it
an attractive option for smaller centres that don't test GM in house.
It has also shown promise in combination with other diagnostic tests
and immunological markers.®

Coronavirus disease 2019 associated fungal infections, in par-

19,20 2122 3nd candidiasis,?® have

ticular aspergillosis, mucormycosis
recently emerged as important complications in patients with
COVID-19 associated acute respiratory failure. Our study enrolled a
total of 59 patients with COVID-19 associated acute respiratory fail-
ure, however more than half had also other underlying diseases that
traditionally predispose for IA, and among the remaining 28 where
severe COVID-19 was the only risk factor, only two fulfilled criteria
of probable or proven CAPA. While a single-centre study showed a
sensitivity and specificity of 60% and 73% for the LFA from tracheal
aspiration with a 2.0 ODI cut-off in diagnosing CAPA, % larger and
preferably multicentre studies are needed to further evaluate the
LFA in patients with CAPA, preferably in same-day respiratory and
serum samples. This is particularly important given the limited sensi-
tivity of serum GM for CAPA diagnosis.Z'25

The results of the LFA from serum at a 0.5 ODI cut-off in our
mixed cohort are slightly superior to those of a recent multicentre
study evaluating the LFA from BALF in a mixed cohort of patients,
where the sensitivity was 74% and specificity 83% at an ODI of
1.5.2% In contrast to BALF, where a higher ODI cut-off may be war-
ranted to increase test performance, a 0.5 ODI cut-off may be opti-
mal in serum samples, mirroring similar findings for GM. This is not
surprising given the strong correlation and substantial agreement
between serum LFA ODI and serum GM ODI found in our study and
other studies before.’®* Finally, we found the automated reader
increased the reliability and test performance compared to manual
read.

Our study has several limitations including the low number
of proven cases of aspergillosis. In addition, this study was per-
formed with banked serum samples that were tested after they
were stored and frozen. Prospective validation of the LFA in a
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FIGURE 1 Receiver Operating Characteristics Analysis Curves for Serum Lateral Flow Assay for Diagnosing Proven/Probable Invasive
Aspergillosis or COVID-19 associated pulmonary aspergillosis versus no aspergillosis in the overall Study Cohort and Subgroups. A overall
study population, B Haematological Malignancy, C Other traditional underlying diseases predisposing for |A but no haematological

malignancy
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FIGURE 2 Scatter blots showing correlation between serum
galactomannan (GM) and Lateral Flow Assay (LFA) Optical Density
Indexes (ODIs) in the study population with both tests from the
same serum sample (n = 115)

clinical setting to determine whether the rapid turnaround time
of the LFA informs clinical decision-making would be helpful.
Finally, considering the significant correlation with GM, there is
a risk of selection bias leading to an overestimation of the LFA
performance, as GM was used for classification of the majority
of cases.

Nevertheless, our findings are significant in that they come from
the only multicentre study to evaluate the LFA in serum, and the only
study in a mixed cohort of patients. Like the LFA from BALF, the LFA
from serum may serve a role as a more rapid test, compared to the
conventional GM, for the diagnosis of aspergillosis, particularly in

settings where GM testing is not readily available.
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