Supplementary Table
Table S1. Summary of data collected for ACE2 decoy variants by SPR, MSD immunoassay, pseudovirus, and live virus assays across different SARS-CoV-2 variants compared to mAb benchmarks.
	Assay
	Variant
	SARS-CoV-2 strain

	
	
	Wuhan (WT)
	Alpha (B.1.1.7)
	Beta (B.1.351)
	Gamma (P.1)
	Delta (B.1.617.2)
	Omicron (B.1.1.529)
	Omicron (BA.5)

	SPR (KD, M)a
	IgM ACE2
	9.7E-11
	<1.0E-12
	<1.0E-12
	2.0E-09
	4.9E-10
	2.4E-09
	NA

	
	IgA ACE2
	3.5E-10
	<1.0E-12
	7.2E-10
	2.2E-09
	8.0E-10
	2.7E-09
	NA

	
	IgG ACE2
	3.4E-09
	2.7E-09
	6.1E-09
	1.6E-08
	6.0E-09
	2.3E-08
	NA

	
	IgG OAA ACE2
	8.1E-09
	1.1E-08
	4.4E-08
	4.7E-08
	1.1E-08
	1.3E-07
	NA

	
	Casirivimab
	7.1E-11
	NAb
	NA
	NA
	7.0E-11
	1.2E-06
	NA

	
	Imdevimab
	8.7E-11
	NA
	NA
	NA
	1.1E-10
	NBc
	NA

	Immunoassay (MSD) neutralization (IC50, M)d
	IgM ACE2
	2.4E-10
	2.3E-10
	2.5E-10
	2.9E-10
	2.5E-10
	4.7E-10
	3.7E-10

	
	IgA ACE2
	6.6E-10
	5.7E-10
	6.3E-10
	8.0E-10
	5.5E-10
	1.5E-09
	1.2E-09

	
	IgG ACE2
	1.2E-09
	1.1E-09
	1.1E-09
	1.2E-09
	1.4E-09
	2.7E-09
	NA

	
	IgG OAA ACE2
	3.4E-09
	2.8E-09
	3.7E-09
	4.0E-09
	3.6E-09
	8.6E-09
	6.5E-09

	
	REGEN-COV
	6.8E-11
	6.0E-11
	3.5E-10
	4.0E-10
	5.3E-11
	1.3E-08
	5.2E-09

	
	Casirivimab
	6.1E-11
	5.6E-11
	9.5E-10
	9.0E-10
	4.9E-11
	1.4E-08
	> 5.0E-08

	
	Imdevimab
	5.7E-10
	4.8E-10
	5.4E-10
	5.7E-10
	5.0E-10
	> 1.0E-07
	5.1E-09

	
	Bamlanivimab + Etesevimab
	7.4E-11
	8.1E-11
	> 1.0E-07
	> 1.0E-07
	1.7E-10
	> 1.0E-07
	6.8E-09

	
	Bamlanivimab
	9.8E-11
	9.0E-11
	> 1.0E-07
	> 1.0E-07
	2.9E-10
	> 1.0E-07
	> 5.0E-08

	
	Etesevimab
	5.1E-10
	1.0E-09
	> 1.0E-07
	> 1.0E-07
	4.7E-10
	> 1.0E-07
	> 5.0E-08

	
	Sotrovimab
	1.1E-09
	8.6E-10
	1.2E-09
	1.2E-09
	1.4E-09
	5.7E-09
	4.5E-09

	Pseudovirus neutralization (IC50, M)
	IgM ACE2
	1.8E-11
	1.0E-11
	1.3E-11
	NA
	3.3E-11
	3.2E-11
	NA

	
	IgA ACE2
	3.3E-10
	6.1E-11
	8.1E-11
	NA
	NA
	NA
	NA

	
	IgG ACE2
	6.1E-09
	7.6E-09
	3.3E-09
	NA
	1.6E-09
	8.1E-09
	NA

	
	IgG OAA ACE2
	NA
	7.2E-08
	4.3E-08
	NA
	NA
	NA
	NA

	
	REGEN-COV
	9.3E-11
	1.2E-11
	9.4E-10
	NA
	4.5E-11
	> 1.0E-07
	NA

	
	Casirivimab
	4.6E-11
	5.0E-11
	> 1.0E-07
	NA
	NA
	NA
	NA

	
	Imdevimab
	4.8E-09
	1.3E-10
	4.1E-08
	NA
	NA
	NA
	NA

	
	Bamlanivimab + Etesevimab
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	Bamlanivimab
	2.3E-09
	1.9E-09
	> 1.0E-07
	NA
	NA
	NA
	NA

	
	Etesevimab
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	Sotrovimab
	> 1.0E-07
	3.3E-09
	> 1.0E-07
	NA
	NA
	NA
	NA

	Live virus neutralization (MN50, M)
	IgM ACE2
	NA
	NA
	8.4E-12
	NA
	2.4E-11
	NA
	NA

	
	IgA ACE2
	NA
	NA
	5.7E-11
	NA
	1.3E-10
	NA
	NA

	
	IgG ACE2
	NA
	NA
	NA
	NA
	5.9E-10
	NA
	NA

	
	IgG OAA ACE2
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	REGEN-COV
	NA
	NA
	1.2E-11
	NA
	9.9E-12
	NA
	NA


[bookmark: _Int_LuQrjpBq]a Alpha, Beta, and Gamma SPR values measured using ACE2 decoys containing myc-tag.
b NA (not available), sample not measured.
c NB (no binding), sample was measured but found not to bind or neutralize in assay.
dImmunoassay (MSD) neutralization data from assay performed with plate bound SARS-CoV-2 spike protein (trimer).

Table S2. Summary of data collected for ACE2 decoy variants by MSD neutralization immunoassay across additional SARS-CoV-2 Omicron variant spike proteins compared to mAb benchmarks.
	Assay
	Variant
	SARS-CoV-2 strain spike protein (trimer)

	
	
	Omicron (BA.2.12.1)
	Omicron (BA.2a)
	Omicron (BA.2+L452M), 
	Omicron (BA.2+L452R)
	Omicron (BA.3)
	Omicron (BA.4)

	Immunoassay (MSD) neutralization (IC50, M)
	IgM ACE2
	3.4E-10
	5.6E-10
	5.0E-10
	5.0E-10
	4.3E-10
	3.6E-10

	
	IgA ACE2
	1.2E-09
	2.0E-09
	1.9E-09
	1.6E-09
	1.3E-09
	1.2E-09

	
	IgG OAA ACE2
	9.9E-09
	1.6E-08
	1.8E-08
	1.5E-08
	1.3E-08
	7.1E-09

	
	REGEN-COV
	2.6E-09
	1.5E-09
	1.2E-09
	4.0E-09
	2.5E-08
	4.8E-09

	
	Casirivimab
	1.6E-08
	3.4E-08
	2.6E-08
	2.4E-08
	2.2E-08
	> 5.0E-08

	
	Imdevimab
	2.9E-09
	1.4E-09
	1.3E-09
	5.8E-09
	> 5.0E-08
	5.1E-09

	
	Bamlanivimab + Etesevimab
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08

	
	Bamlanivimab
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08

	
	Etesevimab
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08
	> 5.0E-08

	
	Sotrovimab
	9.4E-09
	3.0E-08
	8.6E-09
	> 5.0E-08
	1.0E-08
	3.1E-09


a Spike amino acid sequence conserved for SARS-CoV-2 variants BA.2, BA.2.1, BA.2.2, BA.2.3, BA.2.5, BA.2.6, BA.2.7, BA.2.8, BA.2.10, BA.2.10.1, and BA.2.12.

Table S3. Summary of data collected for ACE2 decoy variants by MSD neutralization immunoassay across SARS-CoV-2 variant spike RBD proteins.
	SARS-CoV-2 variant spike protein (RBD)
	Immunoassay (MSD) neutralization (IC50, M)

	
	IgM ACE2
	IgA ACE2
	IgG ACE2
	IgG OAA ACE2

	Wuhan (WT)
	1.6E-10
	5.2E-10
	1.0E-09
	3.8E-09

	Alpha (B.1.1.7)
	1.7E-10
	6.0E-10
	8.9E-10
	3.9E-09

	Beta (B.1.351)
	1.5E-10
	4.6E-10
	8.4E-10
	4.1E-09

	Gamma (P.1)
	1.4E-10
	3.2E-10
	6.6E-10
	3.6E-09

	Delta (B.1.617.2)
	2.4E-10
	6.6E-10
	1.2E-09
	5.2E-09

	Omicron (B.1.1.529)
	3.4E-10
	5.7E-10
	3.7E-09
	3.4E-08

	Omicron (BA.2.12.1)
	5.4E-10
	2.0E-09
	2.7E-09
	1.1E-08

	Omicron (BA.2a)
	5.5E-10
	2.3E-09
	2.8E-09
	1.2E-08

	Omicron (BA.2+L452M)
	5.9E-10
	2.3E-09
	3.5E-09
	1.3E-08

	Omicron (BA.2+L452R)
	4.1E-10
	1.3E-09
	2.1E-09
	7.3E-09

	Omicron (BA.3)
	6.2E-10
	1.5E-09
	6.0E-09
	1.3E-08

	Omicron (BA.4, BA.5)
	2.2E-10
	8.7E-10
	1.1E-09
	3.4E-09


a Spike amino acid sequence conserved for SARS-CoV-2 variants BA.2, BA.2.1, BA.2.2, BA.2.3, BA.2.5, BA.2.6, BA.2.7, BA.2.8, BA.2.10, BA.2.10.1, and BA.2.12.


Supplementary Figures

Figure S1. ACE2 decoy binding to SARS-CoV-2 (A) Delta (B.1.617.2) and (B) Omicron (B.1.1.529) spike protein RBD as measured by SPR. Data was fit using 1:1 binding model.
Figure S1 Alt Text. SPR sensorgrams to depict how the off-rate of ACE2 decoys for binding SARS-CoV-2 (A) Delta (B.1.617.2) and (B) Omicron (B.1.1.529) spike RBD decreases with increasing ACE2 valency, accounting for the increase in measured apparent affinity.

Figure S2. On-cell binding of ACE2 decoys to HEK293-6e transiently transfected with SARS-CoV-2 Wuhan (WT) spike protein. Binding was assessed by flow cytometry and fold over background was calculated as geomean of spike+ HEK293-6e cells divided by the geomean of mock-GFP+ HEK293-6e cells. Matched anti-myc secondary antibody was used for detection such that maximum binding is proportional to the number of molecules bound to the cells. 
Figure S2 Alt Text. Titration curves of IgG OAA, IgG, IgA, and IgM ACE2 decoys on-cell binding to HEK293-6e transiently transfected with SARS-CoV-2 Wuhan (WT) spike protein. IgA and IgM ACE2 decoys show a lower Bmax when compared to IgG ACE2 decoys. 


Figure S3. MSD immunoassay neutralization curves comparing ACE2 decoys with REGEN-COV mAb cocktail for their ability to block SULFO-tagged ACE2 binding to immobilized spike protein from SARS-CoV-2 strains Alpha (B.1.1.7), Beta (B.1.351), and Gamma (P.1).
Figure S3 Alt Text. Percent neutralization titration curves from MSD-based immunoassay for IgG OAA, IgG, and IgM ACE2 decoys have consistent potency and rank order across SARS-CoV-2 variants Alpha (B.1.1.7), Beta (B.1.351), and Gamma (P.1) compared to REGEN-COV which moderately loses potency across the variants (in the order described) for blocking recombinant ACE2 from binding variant spike proteins.

Figure S4. MSD immunoassay neutralization curves comparing IgA ACE2 decoy and additional mAb benchmarks’ ability to block SULFO-tagged ACE2 binding to immobilized spike protein from SARS-CoV-2 strains Wuhan (WT), Delta, Omicron (B.1.1.529), Omicron (BA.5), Alpha (B.1.1.7), Beta (B.1.351), and Gamma (P.1).
Figure S4 Alt Text. Percent neutralization titration curves from MSD-based immunoassay for IgA ACE2 decoy has consistent potency across SARS-CoV-2 variants Wuhan (WT), Delta, Omicron (B.1.1529), Omicron (BA.5), Alpha (B.1.1.7), Beta (B.1.351), and Gamma (P.1) when compared to antibody benchmarks bamlanivimab, etesevimab, casirivimab, imdevimab, and sotrovimab which have variable potency across the variants in blocking recombinant ACE2 from binding variant spike proteins.
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Figure S5. Multiplex MSD immunoassays using spike RBD protein or trimeric spike protein correlate with each other. The graph shows MSD immunoassay neutralization IC50 values for IgG OAA IgG, IgG, IgA, and IgM ACE2 decoy required to block SULFO-tagged ACE2 from binding SARS-CoV-2 variant spike protein RBD or trimeric spike protein. n=41; r value is Spearman’s rho and p is the corresponding p value. IC50 values are indicated in Table S1-S3.
Figure S5. Alt text.  Correlation graph of multiplex MSD immunoassay IC50 values obtained for IgG OAA IgG, IgG, IgA, and IgM ACE2 decoy required to block SULFO-tagged ACE2 from binding SARS-CoV-2 variant spike protein RBD or trimeric spike protein. Spearman’s correlation r and p values were 0.6989 and < 0.0001, respectively, based on n=41. IC50 values are indicated in Table S1-S3.

[image: ]
Figure S6. Pseudovirus neutralization assay curves comparing ACE2 decoys with the REGEN-COV mAb cocktail for their ability to block SARS-CoV-2 strains Alpha and Beta pseudotyped lentivirus entry into ACE2 expressing Opti-HEK293 cells. 
Figure S6 Alt Text. Percent neutralization titration curves from pseudovirus assay depict how IgG OAA and IgM ACE2 decoy maintain similar potency preventing pseudovirus expressing SARS-CoV-2 Alpha or Beta spike protein from infecting ACE2 expressing cells but that potency of REGEN-COV varies between variants.

[image: ]
Figure S7. Pseudovirus neutralization assay curves comparing additional IgG and IgA ACE2 decoys and mAb benchmarks’ ability to block SARS-CoV-2 strains Wuhan (WT), Alpha (B.1.1.7), and Beta (B.1.351) pseudotyped lentivirus entry into ACE2 expressing Opti-HEK293 cells.
Figure S7 Alt Text. Percent neutralization titration curves from pseudovirus assay depict how IgG and IgA ACE2 decoys maintain similar potency for preventing pseudovirus expressing SARS-CoV-2 Wuhan (WT), Alpha (B.1.1.7), or Beta (B.1.351) spike protein from infecting ACE2 expressing cells but that potency of bamlanivimab, casirivimab, imdevimab, and sotrovimab varies between variants.
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Figure S8. Live virus neutralization curves comparing ACE2 decoys with the REGEN-COV mAb cocktail for their ability to block SARS-CoV-2 strains Delta (B.1.617.2) and Beta (B.1.351) infection of ACE2 expressing Calu-3 cells. Calu-3 cells were stained with crystal violet and viability was determined by measuring absorbance at 570 nm.
Figure S8 Alt Text. The titration curve of an IgA ACE2 decoy demonstrates that it can neutralize SARS-CoV-2 strain Delta (B.1.617.2) live virus from infecting ACE2 expressing Calu-3 cells. A second titration curve of IgA ACE2, IgM ACE2, and REGEN-COV depicts the concentration dependent neutralization of SARS-CoV-2 Beta (B.1.351) strain from infecting ACE2 expressing Calu-3 cells. 

[image: ]

Figure S9. (A) Impact of ACE2 decoy treatment on viral titres detected in BAL and lung of hamsters 5 days after infection with SARS-CoV-2 Delta (B.1.617.2). No statistical significance was observed between treatment groups and isotype controls. Data is plotted as box-and-whisker plot and the dotted line represents the limit of detection (LOD = 3.1 Log10 (PFU/ml BAL) and 2.5 Log10 (PFU/g lung tissue)). (B) Histopathology scores and of hematoxylin-eosin stained hamster lungs at 5 days post infection and (C) percent of area of lung exhibiting pathology due to SARS-CoV-2 Delta (B.1.617.2) infection for IgM ACE2 treated vs IgM isotype control dose-matched at 10 mg/kg. Viral cytopathic effects were scored on a four-step scale (0 = none, 1 = mild, 2 = moderate, and 3 = marked pathology). (D) Representative hamster lung images show that areas of pulmonary consolidation (arrows) are less severe in IgM ACE2 treated animals compared to those treated with IgM isotype control dose-matched at 10 mg/kg at 5 days post infection.  
Figure S9 Alt text. (A) Hamster BAL and lung tissue viral titres at 5 dpi with SARS-CoV-2 Delta (B.1.617.2) are consistent across all treatment groups. (B) Histopathology scores of lungs from hamsters treated with either 10 mg/kg IgM ACE2 decoy or isotype control are very similar between two treatment groups. (C) The average percent area of lung affected quantified from histological analysis at 5 dpi trends lower for animals treated with IgM ACE2 decoy at 10 mg/kg compared to isotype control. (D) Histopathology of hamster lungs qualitatively depicts the decreased severity in the area and intensity of pulmonary consolidation for hamsters treated with 10 mg/kg IgM ACE2 decoy compared to dose-matched isotype control.
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