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Abstract

The study evaluated the newly formatted Aspergillus-specific lateral-flow-device
(LFD), and compared its performance to the original prototype “old” LFD test using
BALF samples from 28 patients (14 patients with probable/proven invasive
pulmonary aspergillosis [IPA] and 14 patients with no evidence for IPA). A total of
10/14 (71%) of BALF samples from patients with probable/proven IPA resulted
positive with the new LFD, including 8/9 with true-positive and 2/5 with false-negative
results with the old LFD. All 14 samples from patients without IPA resulted negative
with the new LFD; specificity of the new LFD was significantly improved compared to

the old LFD.

Introduction

Diagnosis of invasive pulmonary aspergillosis (IPA) during the early stages of
disease enables targeted antifungal treatment and has the potential to significantly
improve patient survival [1]. The Aspergillus-specific lateral-flow device (LFD) is an
immuno-chromatographic assay that detects an extracellular glycoprotein antigen
secreted during active growth of the pathogen [2]. The ease-of-use of the assay,
requiring no pre-treatment of bronchoalveolar lavage fluid (BALF), allows point-of-
care testing, with results available within 15 minutes. To date, a prototype version of
the test has been evaluated with more than 650 BALF samples across a number of
studies, with an overall sensitivity of 73%, specificity of 90%, a positive predictive
value (PPV) of 61%, and negative predictive value (NPV) of 94% for probable/proven
IPA versus no IPA [3-9]. As with other diagnostic tests for IPA such as the

galactomannan [GM] ELISA, LFD sensitivity is reduced by mould-active antifungal
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drugs [10]. Despite this, it's accuracy in detecting IPA in hematological malignancy
patients with probable/proven disease has been demonstrated [3,6,11], with a
specificity of 91% and sensitivity of 67%, and with additional discriminatory power for

possible IPA, with 31% of cases negative by GM ELISA being positive by LFD [3].

Following extensive appraisal of the prototype LFD, the test has now been formatted
for large-scale manufacture and CE marking as an in vitro diagnostic (IVD) device.
The objective of this study was to clinically evaluate the newly formatted (hereafter
referred to as new) LFD for the first time, and to compare its performance against the
prototype (hereafter referred to as old) LFD using BALF samples from hematological

malignancy and intensive care unit (ICU) patients.

Methods:

This study was conducted at the Medical University of Graz, Austria in June and July
2017. We tested a convenience series of 28 samples from adult patients, which were
prospectively collected and tested with the old LFD (and also for GM) between
November 2012 and September 2016 [6,7,12,13] and subsequently stored at -70°C.
The samples were selected based on underlying disease (principally hematological
malignancy, secondarily ICU patients), IPA status according to 2008 EORTC/MSG
criteria [14], and test result with the old LFD. All 28 samples were selected before the
first sample was tested with the new LFD. Of the 14 BALF samples from patients
with probable/proven IPA, 9 were positive with the old LFD (classified here as “true
positives”), and 5 were negative with the old LFD (classified here as “false

negatives”). Of the 14 BALF samples from patients without evidence for IPA, 9 were

This article is protected by copyright. All rights reserved.



negative with the old LFD (classified here as ‘true negatives’), and 5 patients were

positive with the old LFD (classified here as ‘false positives’).

Testing with the new LFD (OLM Diagnostics, Newcastle upon Tyne, United
Kingdom) was performed in our Microbiology Laboratory. Stored BALF samples
where thawed, vortexed, and immediately tested without pre-treatment by applying
100uL of BALF to the test, with results read 15 minutes later, as described previously
[7]. The interpreters of the LFD test results were blinded to IPA status and results of

the old LFD, ensuring an unbiased interpretation of the test line results (Figure 1).

The study protocol was approved by the local ethics committee, Medical University
Graz, Austria (EC-number 25-221 ex 12/13), and reported to the Austrian Agency for
Health and Food Safety (Protocol number INS-621000-0478). Results of this study
are reported according to the STARD statement.

Performance of the new LFD (including 95% confidence intervals [CI]) was
compared with that of the old LFD for differentiation between probable/proven IPA
and no evidence for IPA using descriptive analysis and Fishers exact test. A two-

sided p-value of <0.05 was considered statistically significant.

Results:

A total of 28 patients (20 females, 8 males, median age 60 years, 23 underlying
hematological disease, 5 ICU patients) were included in this analysis, of which 14
fulfilled the criteria for either proven (n=3), or probable IPA (n=11), and 14 patients
had no evidence for IPA. 17/28 (61%) of patients overall, and 7/14 (50%) of patients
with probable/proven IPA, were receiving mold-active antifungal prophylaxis/therapy

at the time of BALF sampling.
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Characteristics and diagnostic test results for 14 patients with probable/proven IPA
and those 5 with false positive old LFD results are depicted in Table 1 (details for
those 9 patients without evidence for IPA and true negative results with the old LFD
are given in the footnote of the Table). While the new LFD vyielded results similar to
those of the old LFD in 17/28 samples, overall result (i.e., positive versus negative)
differed in 8/28 samples. In 3/28 BALF samples the results were consistently

positive, but intensity of the test line differed.

A total of 10/14 of BALF samples from cases with probable/proven IPA resulted
positive with the new LFD (sensitivity 71%; 95%CIl 42-92%), including 8/9 “true
positives” and 2/5 “false negatives" with the old LFD. All 14 samples from cases with
no evidence for IPA resulted negative with the new LFD (specificity 100%; 95%CI
77-100%). The specificity of the new LFD was significantly higher compared to the

old LFD (p=0.04).

Discussion:

The Aspergillus-specific LFD test has now been formatted for large-scale
manufacture and CE marking as an IVD for point-of-care diagnosis of IPA. This is
the first study to clinically evaluate the newly formatted LFD and to compare its
clinical performance with the old prototype test. We found that the new LFD when
used with BALF samples was equally sensitive but more specific than the old LFD.
The clinical sensitivity of 71% and specificity of 100% found in this analysis is
remarkable considering the BALF selection process, which comprised samples that
gave false negative or false positive results with the old LFD. In other words, the

performance of the old LFD with the BALF samples selected for this evaluation (64%
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sensitivity and 64% specificity), was inferior to the 73% sensitivity and 90%
specificity published for the old BALF LFD over various patient cohorts, and also
lower than the published performances of the old LFD in hematological malignancy
patients (sensitivity 67%, specificity 91%; total n=193 samples), and ICU patients

(sensitivity 79%, specificity 85%; total n=239 samples) [3].

The study has limitations of small sample size and sample pre-selection, and so has
not determined the clinical performance of the new test in a prospectively tested
cohort. Given that the old LFD was evaluated in a number of prospective multicenter
studies, the direct comparison to results obtained with the old LFD may be the most
valuable aspect of this work, but future larger prospective cohort studies are needed
to confirm our findings. While BALF samples were tested with the new LFD months
to years after sample collection and testing with the old LFD, it has been shown
before that the LFD signal remains stable after several years of sample storage at -

70°C [15].

In conclusion, the newly formatted LFD may contribute to timely clinical decision
making regarding initiation and choice of antifungal treatment. Taking into account
test performance as well as its potential for point-of-care diagnosis, the new LFD
represents a valuable addition to the currently available diagnostic arsenal for IPA.
Considering the importance of rapid diagnosis and targeted treatment as major
predictors of survival in patients with IPA, the potential clinical benefits of this new

test become evident.
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TABLE 1 Characteristics and Test Results (including those of the New LFD) in Patients with True Positive, False Negative, and False Positive
Results with the Old LFD for Differentiation of Probable/Proven Invasive Pulmonary Aspergillosis versus No Evidence of IPA. Patients with true
negative results (n=9) are not displayed.*

Group AF
according . . Classifica | therapy/proph BALF
t0 old LED _Pat Prlmary underlying tion of ylaxis at the BALF GM BALF culture Aspergﬂlus Old LFD New LED
results and ient disease IPA § time of oDl for moulds specific
IPA Status* bronchoscopy PCRresults
1 Plasma cell leukemia | probable | no 4.85 neg pos +++ +++
2 Acute myeloid probable | yes 4.99 neg pos + ++
leukemia
3 Acute myeloid probable | yes 2.23 neg pos + +
leukemia
4 Multiple myeloma probable | no 1.88 neg neg ++ +
TRUE 5 Chronic lymphoid probable | yes 19.05 neg n.a. ++ -
POSITIVES leukemia
6 ICU COPD probable | no 1.06 neg n.a. ++ +
7 ICU AIDS proven no 17.0 pos pos +++ +++
8 ICU septic probable | no 5.59 neg pos + +
pneumonia
9 ICU septic probable | no 4.62 neg neg + +
pneumonia
10 | Acute myeloid proven yes 0.37 neg neg - -
leukemia
NEéJ&?’ﬁ/E 11 | Acute lymphoid probable | yes 2.01 neg neg - +
S leukemia
12 | Acute myeloid probable | yes 1.59 neg neg - +
leukemia
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13 | Non-Hodgkin probable | yes 1.85 neg neg - -
lymphoma
14 | ICU septic proven no 9.00 pos pos - -
pneumonia
15 | Acute myeloid no yes 0.09 neg neg + -
leukemia evidence
16 | Non-Hodgkin no yes 0.16 neg neg + -
lymphoma evidence
FALSE 17 | Multiple myeloma no yes 0.12 neg n.a. + -
POSITIVES evidence
18 | Acute myeloid no no 0.18 neg neg + -
leukemia evidence
19 | Acute myeloid no yes 0.18 neg n.a. ++ -
leukemia evidence

* Patients with true negative results (n=9) not displayed: all 9 had also negative results with new LFD, PCR and culture. 1/9 had a false positive
BALF GM result (1.04 ODI). With regard to underlying diseases 4/9 had acute myeloid leukemia, 2/9 had acute lymphoid leukemia, each 1/9
had non-Hodgkin’s lymphoma, multiple myeloma, and severe aplastic anemia).

8§ Defined according to revised EORTC/MSG criteria (14)

Abbreviations: AIDS = acquired immunodeficiency syndrome; BALF = bronchoalveolar lavage fluid; COPD = chronic obstructive pulmonary
disease; GM = galactomannan; IPA — invasive pulmonary aspergillosis; LFD = Aspergillus-specific lateral-flow device test; n.a. = not available;
neg = negative; ODI = optical density index; pos = positive.
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FIGURE 1 Results with the new Aspergillus-specific lateral-flow device test ranging (from the left to the right) from negative (-) to

weak positive (+), moderate positive (++) and strong positive (+++)+
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