
Fungi
Journal of

Article

Performance of Aspergillus Galactomannan Lateral
Flow Assay on Bronchoalveolar Lavage Fluid for the
Diagnosis of Invasive Pulmonary Aspergillosis

Kathleen A. Linder 1,2, Carol A. Kauffman 1,2 and Marisa H. Miceli 1,*
1 Division of Infectious Diseases, Department of Internal Medicine, University of Michigan, Ann Arbor,

MI 48109-5378, USA; linderk@med.umich.edu (K.A.L.); ckauff@med.umich.edu (C.A.K.)
2 Veterans Affairs Ann Arbor Healthcare System, Ann Arbor, MI 48105, USA
* Correspondence: mmiceli@med.umich.edu; Tel.: +1-734-936-3927; Fax: +1-734-615-2737

Received: 24 October 2020; Accepted: 16 November 2020; Published: 18 November 2020 ����������
�������

Abstract: Background: Several newly developed biomarker tests for invasive pulmonary aspergillosis
(IPA) have been developed, including the IMMY Aspergillus galactomannan lateral flow assay
(Aspergillus GM-LFA) evaluated in this study. Methods: Twenty patients with proven/probable IPA
(EORTC/MSGERC criteria) were matched by age and underlying disease with 20 patients without
IPA. Bronchoalveolar lavage fluid (BALF) was analyzed in duplicate using the Aspergillus GM-LFA.
Results were read visually by two blinded observers, and the optical density index (ODI) was
obtained digitally with a cube reader. Results: Using a cutoff of ≥0.5 ODI, the Aspergillus GM-LFA
had a sensitivity of 40%, specificity of 80%, positive predictive value (PPV) of 67% and negative
predictive value (NPV) of 57%. When the cutoff was increased to ≥1.0 ODI, sensitivity remained at
40%, specificity rose to 95%, PPV was 89%, and NPV was 61%. Excellent agreement was found when
duplicate samples were read either visually (κ = 1) or with the cube reader (κ = 0.89). Correlation
of results obtained by visual inspection and those obtained using the cube reader was excellent
(κ = 0.82). Conclusion: The Aspergillus GM-LFA had poor sensitivity but excellent specificity for
proven/probable IPA in BALF. The assay was easy to interpret, and there was high concordance
between results obtained visually and with a cube reader.

Keywords: invasive pulmonary aspergillosis; galactomannan; lateral flow assay; bronchoalveolar
lavage fluid

1. Introduction

Diagnosis of invasive pulmonary aspergillosis (IPA) is challenging, and delays in diagnosis
contribute to increased mortality. Noninvasive fungal biomarkers, such as the Platelia Aspergillus
galactomannan (GM) enzyme immunoassay (EIA), which utilizes the single rat monoclonal antibody
(MAb) EB-A2 to bind and detect GM, have proved useful in the diagnosis of IPA [1]. When performed on
bronchoalveolar lavage fluid (BALF), the Platelia assay has shown increased sensitivity and specificity
for IPA in patients who have a hematological malignancy, those who have received a hematopoietic
cell or solid organ transplant, and patients with chronic pulmonary disease [2–5].

The IMMY Aspergillus galactomannan lateral flow assay (GM-LFA) is a newer non-culture-based
diagnostic test that detects Aspergillus GM in serum and BALF. This rapid immunochromatographic
test has the advantage of being able to provide point of care results in less than an hour. The Aspergillus
GM-LFA utilizes two different MAbs, the ME-A5 MAb, which binds to a similar GM epitope as EB-A2
used in the Platelia GM EIA, and an undisclosed MAb. The second MAb, which detects other epitopes
of GM, might enhance the sensitivity of the Aspergillus GM-LFA when compared with the Platelia
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EIA. However, detection of other epitopes also could lead to a decrease in specificity by allowing
cross-reactivity with other fungi, such as Scedosporium species and Fusarium species, both of which can
mimic IPA [6].

We sought to determine the test performance of the Aspergillus GM-LFA in BALF from a broad
population of patients with risk factors for IPA, similar to how the test could be used in a general
tertiary care hospital setting.

2. Materials and Methods

2.1. Patients and Setting

This retrospective, single-center study was performed at the University of Michigan Health
System. It was approved by both the University of Michigan and the VA Ann Arbor Healthcare System
Institutional Review Boards.

Residual BALF samples from bronchoscopy procedures performed for clinical care were
prospectively collected from 9/2016 to 1/2020 and stored at −70 ◦C in the Infectious Diseases Laboratory
at the VA Ann Arbor Healthcare System. The study population consisted of patients who had proven
or probable IPA, including tracheobronchitis, as defined by the revised EORTC/MSGERC criteria [7].
These patients were matched 1:1 by age within 5 years and by host risk factors with control patients who
did not have IPA. Whenever possible, the same host factors were used for matching, but in some cases,
matching was accomplished by using other risk factors for IPA. Patients known to be colonized, but not
infected with Aspergillus species or other fungi, were excluded from the study. Clinical data, including
demographic information, comorbid conditions, immunosuppression status, radiological findings for
invasive fungal infections, previously obtained results from the serum and BALF Aspergillus GM EIA
(PlateliaTM Aspergillus EIA, Viracor-IBT Laboratories, Lee’s Summit, MO, USA), respiratory fungal
cultures, and prophylactic antifungal agents were collected from the electronic medical record. All data
were entered into a REDCap® database.

2.2. Aspergillus Galactomannan Lateral Flow Assay

The Aspergillus GM-LFA (IMMY, Norman, OK, USA) was performed according to the
manufacturer’s instructions. Briefly, 300 µL of BALF was mixed with 100 µL of pretreatment
buffer, vortexed, heated at 120 ◦C for 6 min, and centrifuged at 14,000 g for 5 min. Then 80 µL of
the pretreated BALF was mixed with 40 µL of Aspergillus GM-LFA running buffer, and a test strip
was placed into the sample for 30 min before reading. Samples were run in duplicate in batches of
10 samples, and all readings were finished by 15 min after the end of the 30-min incubation time.
Positive and negative controls provided with the test kit were run with each batch of samples.

An initial visual reading was performed by two independent observers, who were blinded as
to the patient’s diagnosis. The test was read as negative if only the control line was present and as
positive if both test sample and control lines were present. Positive tests were scored 1+, 2+, or 3+

based on the intensity of the test line. Optical density index (ODI) results were then obtained by
placing those same strips into the Aspergillus GM-LFA cube reader, which was calibrated per the
manufacturer’s instructions.

2.3. Statistical Analysis

Sensitivity, specificity, positive predictive values and negative predictive values for the diagnosis
of proven/probable IPA were determined for BALF Aspergillus GM-LFA. Agreement between the
duplicate test results read by visual inspection was evaluated using Cohen’s kappa coefficient (κ) with
95% CI, as was the agreement between the duplicate test results using the Aspergillus GM-LFA cube
reader and the agreement between visual and digital readings for each sample. κ values below 0.6
represented poor agreement, values ≥0.6 and ≤0.8 represented good agreement, and values >0.8 were
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considered excellent agreement between readings. Statistical analyses were completed using SPSS
software, version 26.0 (SPSS, Inc., Chicago, IL, USA).

3. Results

Of the 20 patients in the IPA cohort, 17 had probable and three had proven invasive pulmonary
aspergillosis. The mean age of the 12 men and eight women was 55.1 ± 17.4 years. Host factors
for IPA are noted in Table 1. The matched control cohort of 12 men and eight women, mean age
55.1 ± 17.1 years, had similar host factors for IPA (Table 1). Solid organ transplant recipients constituted
almost half of each cohort. Only one patient with IPA had prior exposure to a mold-active antifungal
agent. Radiological findings were consistent with those seen in IPA in 18 patients in the IPA cohort.
Two additional patients in this cohort, both lung transplant recipients, had locally invasive Aspergillus
tracheobronchitis at the anastomotic site. Fourteen patients in the IPA cohort had BALF cultures that
yielded Aspergillus species (Table 2).

Table 1. Characteristics of patients with invasive pulmonary aspergillosis (IPA) and control patients
who had bronchoalveolar lavage fluid samples tested with the Aspergillus galactomannan lateral
flow assay.

IPA Cases
(n = 20)
No. (%)

Controls
(n = 20)
No. (%)

Mean age (years ± SD) 55.1 ± 17.4 55.1 ± 17.1
Female 8 (40) 8 (40)

Host factors for invasive Aspergillosis1

Solid organ transplant 9 (45) 9 (45)
Lung transplant 9 6
Liver transplant 0 2

Kidney transplant 0 1
High dose corticosteroids 2 4 (20) 4 (20)
Hematologic malignancy 5 (25) 4 (20)

Chronic pulmonary disease 2(10) 1 (5)
HIV <200 CD4/µL 1 (5) 1 (5)

Critical illness 2 (10) 2 (10)

Additional features

Mold-active antifungal exposure 3 1 (5) 0
1 Several patients had more than one host factor; 2 dose equivalent to ≥0.3 mg/kg prednisone daily for ≥3 weeks at
the time of bronchoscopy; 3 receipt of mold-active antifungal agent within 5 days prior to bronchoscopy.
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Table 2. Demographics, underlying diseases, radiographic findings, and test results for 20 patients who underwent bronchoscopy and bronchoalveolar lavage and
who were diagnosed with invasive pulmonary aspergillosis.

Age/Gender/
Comorbidity

Aspergillosis
Category

GM
BALF
(ODI)

GM
Serum
(ODI)

Asp GM-LFA
BALF

(Visual Reading)

Asp GM-LFA
BALF

(Digital Reader) BALF Culture CT Chest Findings

Test 1 Test 2 Test 1 Test 2

70/F/Lung Tx Proven at autopsy NA NA + + 1.41 1.63 A. fumigatus Cavitary nodule, ggo,
consolidation

42/M/
Cushing’s D., critical

illness
Proven at autopsy <0.5 <0.5 NEG NEG 0.00 0.045 No growth Pulmonary nodules, ggo

19/F/CPD Proven at
lobectomy 3.2 NA + + 2.13 2.63 A. fumigatus Cavitary nodules,

consolidation

67/M/Lung Tx Probable 6.7 <0.5 NEG NEG 0.43 0.34 A. fumigatus Pulmonary nodules

22/M/AML Probable 6.2 <0.5 NEG NEG 0.06 0.01 No growth Pulmonary nodules

42/M/Lung Tx Probable <0.5 NA NEG NEG 0.25 0.26 A. fumigatus Pulmonary nodules

62/M/Lung Tx Probable <0.5 NA NEG NEG 0.00 0.06 A. fumigatus Diffuse pulmonary
infiltrates, ggo

23/F/Lung Tx Probable <0.5 <0.5 NEG NEG 0.23 0.10 A. fumigatus Pulmonary nodules

66/M/CMML Probable <0.5 1.75 NEG NEG 0.00 0.09 No growth Pulmonary nodules, ggo

79/F/CLL Probable NA <0.5 NEG NEG 0.13 0.23 A. fumigatus Pulmonary nodules

58/F/
Steroids 1, critical

illness
Probable 7.6 NA ++ + 3.16 2.88 NA Pulmonary nodules

57/M/
HIV, CD4 < 200 Probable 7.4 <0.5 NEG NEG 0.45 0.09 No growth Consolidation,

pulmonary nodules
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Table 2. Cont.

Age/Gender/
Comorbidity

Aspergillosis
Category

GM
BALF
(ODI)

GM
Serum
(ODI)

Asp GM-LFA
BALF

(Visual Reading)

Asp GM-LFA
BALF

(Digital Reader) BALF Culture CT Chest Findings

Test 1 Test 2 Test 1 Test 2

49/F/Lung Tx Probable 2 NA NA NEG NEG 0.18 0.00 A. fumigatus No pulmonary changes

68/M/MDS Probable 2.43 <0.5 + + 1.20 1.51 No growth Cavitary nodules, ggo,
consolidation

54/F/Steroids Probable 8.14 <0.5 ++ ++ 5.24 6.29 A. fumigatus Cavitary nodule, ggo

63/M/Lung Tx 3 Probable NA <0.5 NEG NEG 0.00 0.06 A. fumigatus Pulmonary nodules

59/M/
Lung Tx, MDS Probable NA NA +++ +++ 19.32 18.83 A. fumigatus Pulmonary nodules

76/M/Steroids 1 Probable NA NA ++ ++ 5.97 6.73 A. fumigatus Dense lesion with halo
sign, consolidation

65/M/Lung Tx Probable 2 NA NA +++ +++ 19.9 19.43 A. terreus Soft tissue density at
anastomosis

60/F/CPD Probable NA NA NEG NEG 0.34 0.37 A. fumigatus Pulmonary nodules, ggo
1 Dose equivalent to ≥0.3 mg/kg prednisone daily for ≥3 weeks at the time of bronchoscopy; 2 tracheobronchial anastomotic infection; 3 patient on isavuconazole for prophylaxis within
5 days prior to bronchoscopy. +, ++, +++ refer to the strength of the positive test
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Using a cut-off value of ≥0.5 ODI, there were four false positive Aspergillus GM-LFA tests among
the control cohort and 12 false negative results in the IPA cohort, giving a sensitivity of 40% and
a specificity of 80%; the positive predictive value was 67% and the negative predictive value was 57%
(Table 3). When ≥1.0 ODI was used as the cut-off, sensitivity remained at 40%, but specificity improved
to 95%; the positive predictive value was 89%, and the negative predictive value was 61%.

Table 3. Evaluation of IMMY Aspergillus galactomannan lateral flow assay (Asp GM-LFA) on
bronchoalveolar lavage fluid (BALF) from 20 patients with proven or probable invasive pulmonary
aspergillosis and 20 control patients.

BALF Asp
GM-LFA

(ODI)

Test Performance

True
(+)

False
(+)

True
(−)

False
(−)

Sensitivity (%)
(95%CI)

Specificity (%)
(95%CI)

PPV (%)
(95%CI)

NPV (%)
(95%CI)

≥0.5 8 4 16 12 40
(19.1–63.9)

80
(56.3–94.3)

67
(41.7–84.8]

57
(46.71–66.9)

≥1.0 8 1 19 12 40
(19.1–63.9)

95
(75.1–99.9)

89
(52.4–98.3)

61
(52.2–to 69.6)

There was excellent agreement (κ = 1) between the Aspergillus GM-LFA visual readings recorded
as positive or negative and graded as 1+, 2+, or 3+ in the duplicate aliquots of each BALF sample.
Similarly, the agreement between digital readouts for duplicate aliquots of each BALF sample was
excellent, κ = 0.89 (95% CI 0.69–1.00). The agreement between the Aspergillus GM-LFA results obtained
by visual inspection and those obtained using the cube digital reader was also excellent (κ = 0.82
(95% CI 0.58–1.00)) for both BALF aliquots.

In the IPA cohort, there was 100% concordance between the Aspergillus GM-LFA visual and digital
results, irrespective of whether the cut-off value for positivity was ≥0.5 or ≥1.0. In the control cohort,
there were several discrepancies between Aspergillus GM-LFA visual and digital readings. In one case,
when using a cut-off of ≥0.5 ODI, both aliquots of BALF samples were negative on visual inspection
but positive by the cube digital reader. When the cut-off value was ≥1.0, these discrepancies were
resolved, and all visual and digital readings were recorded as negative. In the only other discrepancy,
both aliquots from one control BALF sample were read by both observers visually as 1+ but were
recorded as barely positive (0.58 ODI) and negative (0.28 ODI) with the cube digital reader.

For the 10 BALF samples that were positive by both Aspergillus GM-LFA visual and digital readings,
the semi-quantitative visual scoring method correlated well with the ODI readings. Specifically,
both evaluators independently read samples that had ODI readings of 18.8–19.9 as 3+; those samples
that had ODI readings of 2.9–6.7 ODI were reported as 2+; digital readings of 0.5–1.6 ODI were scored
as 1+.

4. Discussion

Measurement of GM has become a valuable adjunct for the diagnosis of IPA. Most, but not all,
investigators agree that measuring GM in BALF has enhanced sensitivity over measuring GM in serum,
likely related to higher antigen levels present in the target organ than circulating in blood [2–5]. On the
other hand, it has been noted that measuring GM in BALF can lead to more false positive test results
depending on the population studied [8].

Several newer assays for the diagnosis of IPA have been developed, one of which is the Aspergillus
GM-LFA developed by IMMY. One of the goals of this technology is to have a more rapid, reproducible
assay that can be performed with a minimum of laboratory support. We noted that the test met those
criteria. Interpretation of the lines on visual reading was simple and consistent among observers. Using
the optical reader enhanced the precision of test interpretation by allowing quantitation of Aspergillus
GM and appeared to be more accurate than visual reading when the amount of GM resulted in readings
between 0.5 and 1.0 ODI. However, if one uses the revised EORTC/MSGERC criterion for a positive
BALF GM being ≥1.0, the cube reader does not offer an advantage over the visual determinations.
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Several studies have reported on the usefulness of the IMMY Aspergillus GM-LFA in serum or
BALF [5,8–13]. When the assay was tested on stored sputum or BALF samples that had previously
yielded Aspergillus species and that had been collected from a non-selected patient population,
the sensitivity of the assay was 90%, but specificity was lower because of cross reactions with several
other molds, including Fusarium and Scedosporium [5]. In one clinical study, the Aspergillus GM-LFA
showed sensitivity and specificity as high as 89% and 100% when BALF from a small number of
patients (n = 9) who had a hematological malignancy and proven or probable IPA were studied [9].
Further studies in a larger cohort of patients (n = 75) with a hematological malignancy and proven
or probable IPA reported a sensitivity of 83% and a specificity of 87% when BALF was tested [10].
Others have reported lower sensitivity (69%) of Aspergillus GM-LFA on BALF from patients without
underlying hematological disease [12]. Affirming that this assay appears to perform best in the
population of patients who have a hematological malignancy, sensitivity and specificity as high as
97% and 98%, respectively, were reported when Aspergillus GM-LFA was evaluated using serum
samples [11]. However, not all investigators have found the sensitivity of this assay when serum
is used to be that high in patients who have a hematological malignancy; in a study that included
41 patients with probable or proven IPA, Mercier et al. reported that the sensitivity of the Aspergillus
GM-LFA was only 49%, but specificity was 95% [13].

Our study is in agreement with most of those mentioned in regard to the high specificity of
the Aspergillus GM-LFA when used in BALF [9,13]. We noted only one false positive test when the
revised EORTC/MSG criterion of ODI ≥1.0 was used. In part, this high specificity could be because we
excluded those patients who had been diagnosed with other invasive fungal infections and patients
whose BALF cultures yielded Aspergillus species, but who met no other criteria for IPA.

Our study design stands out from the above studies, because we had a closely matched control
group that we compared with the patients with proven and probable IPA. In our study cohort,
only 25% of patients had an underlying hematological malignancy. We specifically wanted to assess
the performance of the Aspergillus GM-LFA in BALF of a broad population likely to have the test
ordered in a general tertiary care medical center. Our study was designed to test the performance of
the Aspergillus GM-LFA in BALF for the diagnosis of proven/probable IPA based on EORTC-MSGERC
definitions and not to directly compare the Aspergillus GM-LFA with the Platelia GM EIA assay in BALF.

Limitations of our study include its single-centered, retrospective design and the relatively small
number of patients with proven and probable IPA that was studied. Given the retrospective nature of
the study, we were not able to control when bronchoscopy was performed to obtain the BALF samples
in the course of the patient’s disease, and this could have influenced the sensitivity of detecting GM
in BALF.

In conclusion, our study evaluated the performance of the IMMY Aspergillus GM-LFA on BALF
in a cohort with well-characterized proven/probable IPA compared with a matched control cohort.
We found that the BALF Aspergillus GM-LFA had poor sensitivity, but very high specificity for the
diagnosis of IPA. The test system was simple to use, and results were highly reproducible.
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Abbreviations

AML acute myeloid leukemia
Asp GM-LFA Aspergillus galactomannan lateral flow assay
BALF bronchoalveolar lavage fluid
CLL chronic lymphocytic leukemia
CMML chronic myelomonocytic leukemia
CPD chronic pulmonary disease
GM galactomannan
ggo ground glass opacities
HIV human immunodeficiency virus
MDS myelodysplastic syndrome
NA not available
NEG negative
ODI optical density index
Tx transplant
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