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BACKGROUND: New diagnostics are needed for
invasive aspergillosis (IA). Previously, we
developed and characterized a novel
galactofuranose-specific antibody (mAb476) that
detects Aspergillus glycans exposed on urine
extracellular vesicles (EV). Using a lateral flow
device (LFD), proof of concept has been shown.
Now, we have developed and tested performance
of a semi-quantitative enzyme immunoassay
(EIA) for laboratory use. METHODS: Briefly, an
mAb476 sandwich enzyme immunoassay (EIA)
was developed, optimized and performance was
tested using 102 samples collected from 95
different subjects with suspected or confirmed
invasive fungal disease (IFD). Samples were
tested by a reviewer blinded to case
adjudications, which utilized the EORTC/MSG
criteria. ROC curves were drawn to distinguish
cut-offs. Performance of the assay was calculated
using per-case analyses. RESULTS: The cohort
contained 23 cases of proven/probable IA, 34
controls who had no IFD or had other infections
(PCP, Rhizopus, cryptococcosis, histoplasmosis,
and blastomycosis). 38 people who had
ambiguous diagnoses, including airway disease
and ‘possible’ IA where not included in the
analysis. Samples obtained from people who had
received >5 days of antifungals were eliminated
from performance assessments. At the optimized
OD cut-off, the EIA is 69.2% sensitive and 90%
specific. Restricting samples to those stored
frozen for <5 years resulted in increased
sensitivity (80%), with identical specificity. Urine
testing was positive earlier than conventional
tests in sequential series, suggesting utility for
screening. CONCLUSIONS. The mAb476 urine
EIA performs well as an aid to diagnose IA. Loss
of antigen signal from samples stored and/or
extensively freeze-thawed likely reflects
degradation of fungal EVs or disruptions in other
protein complexes that assist EV pelleting. These
data support performance of prospective
screening studies to optimize timing of urine
collection.
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• mAb476 – galactofuranose (galf)-specific Ab that 
localizes rapidly into urine in infected animals

• Prototype mAb476–sandwich LFD tested in 102 
patients with suspected or confirmed IFI

• Sensitivity 89.5%, Specificity 92% for proven / probable 
IA In oncology patients

Marr et al., Clin Infect Dis 67(11) 2018

• EB-A2 “galactomannan” Ab recognizes long-chain 
to dimeric β1,5 linked galf

• mAb476 is unique in recognizing monomeric galf
on O- and N-linked glycans
• Enables recognition of glycan-rich fungal EVs in 

urine
• Using a galf-epitope directed ‘smart’ Ab approach 

for developing diagnostic assays
Tefsen et al., Glycobiol, 22:456, 2012; Komachi et al., Mol Microbiol, 90:1054, 2013; Kudoh

et al., Glycobiol, 25:74, 2015; Krylov et al; Heliyon 2019: 5; Marr et al., ECCMID 2019

• Prototype mAb465-sandwich ELISA developed with Af293 EP-spiked urine
• Validation, cut-off generated with banked samples from JHU “VU” study
• Assessed performance as an early diagnostic in new JHU “AUT” study 
 50 hematology / BMT patients enrolled 
 Sequential urine samples weekly, then biweekly with potential infection

• Samples stored, evaluated in batch, blind clinical adjudication
• Real-time specificity tested in JHU patients without infection

CURRENT STUDY: ELISA METHOD

• Samples with 
certain diagnoses 
(proven / probable 
IA vs. no infection) 
used for ROC 
analysis

• Good predictability: 
AUC 0.73 ± 0.099
95% CI: 0.53-0.92
P = 0.0417 Cutoff Sensitivity 95% CI Specificity 95% CI Likelihood ratio

0.103 70.6% (44-89.7%) 33.3% (9.9-65.1%) 1.059
0.11 70.6% (44-89.7%) 50.0% (21.1-78.9%) 1.412

0.114 70.6% (44-89.7%) 58.3% (27.7-84.8%) 1.694
0.117 70.6% (44-89.7%) 66.7% (34.9-90.1%) 2.118
0.121 70.6% (44-89.7%) 75.0% (42.8-94.5%) 2.824
0.131 70.6% (44-89.7%) 83.3% (51.6-97.9%) 4.235
0.149 70.6% (44-89.7%) 91.7% (61.5-99.8%) 8.471
0.16 64.7% (38.3-85.8%) 91.7% (61.5-99.8%) 7.765
0.166 58.8% (32.9-81.6%) 91.7% (61.5-99.8%) 7.059
0.174 52.9% (27.8-77.0%) 91.7% (61.5-99.8%) 6.353
0.185 47.1% (23-72.2%) 91.7% (61.5-99.8%) 5.647

Aspergillus Ag–spiked pooled urine standards                                      
• Ethanol precipitated (EP) 

culture filtrate antigen from 
Aspergillus fumigatus (Af293) 
is enriched for galf-bearing 
antigens

• Positive controls: EP Ag 
spiked into pooled healthy 
human volunteer urine pre-
treated to optimize galf-
binding

• 105 samples from 92 patients in cohort
• 17 cases (proven / probable IA); 
• 13 controls (no IA)

• Subjects not included in overall analyses
• 28 with “possible IA” 
• 19 with other IFI (histoplasmosis, blastomycosis, 

PCP, Rhizopus)
• 5 with >7d of antifungals prior to sample collection
• 10 post-lung transplant with airway colonization 

• Values correlated with certainty of IA
• Sensitivity 70.6% (95% CI: 44-89.7%)

Specificity 92.3% (95% CI: 64-99.8%)

• Analyzed people with other IFI and ambiguous diagnoses 
• Other galf-producing IFI – histoplasmosis 

• 8/19 (42%) samples from people with histoplasmosis EIA+
– If included as a control, specificity decreased from 92% to 72% (95% CI: 53.2-86.2%)
– If included as a case (IFI), sensitivity decreased from 70% to 55.6% (95% CI: 38.1-72%). 

• Cross reactivity is apparent
• Other IFI negative by EIA (Blastomycosis, PCP, Rhizopus spp.)
• Lung transplant patients with airway colonization predominantly negative (9/10)
• Sensitivity in oncology patients supported with positives in “possible” IA

• 8 / 28 (29%) possible IA (radiographic) had positive urine EIA

• Randomly consented patients not 
known to have IFI 

• Fresh urine sample tested
• Cutoff 0.149 yields specificity 86% 
• Upon clinical review:

• VU134: multifocal pneumonia (sputum 
growing P. aeruginosa, S. maltophilia)

• VU137: pulmonary nodules, βDG 225, 
GM EIA 0.22 

• Considering VU137 as possible IA 
specificity = 92%

ROC cutoffs determined in limited dataset                                      Performance characteristics at cut-off 0.149 OD units        

Subgroup Analyses                                    

Real-time Specificity Testing                            

• Analysis of large serial sample 
study ongoing 

• Patients managed clinically 
and samples collected weekly, 
stored frozen until testing

• Diagnoses adjudicated 
independent of testing results

• Urine glycan tested in batch
• Early positivity demonstrated-

representative subject shown
here

Dufresne et al., PLOS ONE, 7: e42736, 2012

• Early positivity in 
sequential samples in 
people with possible IA 
suggests added 
sensitivity

Preliminary Analysis Serial Samples: Early Positivity 

• mAb476 novel monomeric galf recognition
• Recognizes multiple fungal glycans and vesicle proteins from infected urine
• Urine glycan sandwich EIA 

• Sensitive for proven & probable IA with banked samples
• Positivity with some histoplasmosis cases
• Positivity with “possible” IA early suggest utility for screening in high-risk patients

• MycoMed Technologies currently optimizing diagnostic ELISA and LFD
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