






average fold-change versus the relative wild-type control from at least two independent experiments are 790 

shown. 791 

Table 4. The VIR-7831/VIR-7832 epitope is highly conserved. Conservation data comprising >1,000,000 792 

sequences from the GISAID database and variants at each position are shown. Variants in bold were 793 

tested in a pseudotyped virus assay. 794 

Table 5. Activity of VIR-7831 against epitope variants. VIR-7831/VIR-7832 epitope variants detected in 795 

sequences from the GISAID database were tested in a VSV/VeroE6 pseudotyped virus system. The 796 

geometric mean of IC50s and average fold-change versus the relative wild-type control from at least two 797 

independent experiments are shown. Variants marked with “a” indicates that the data shown are from the 798 

parental antibody S309. 799 

Supplemental Figure 1. Binding of VIR-7831 and VIR-7832 to human FcγRs and C1q as measured by 800 

SPR. Binding of VIR-7831 and VIR-7832 to a) human FcγRIIa (H131 and R131 alleles), FcγRIIIa (F158 801 

and V158 alleles) and FcγRIIb were measured using SPR. Biotinylated purified FcγRs were captured on 802 

the sensor chip surface prior to injection of VIR-7831 or VIR-7832. Association and dissociation profiles 803 

(separated by the vertical dotted line) were measured in real time as change in the SPR signal. b) Binding 804 

of VIR-7831 and VIR-7832 to complement component C1q was measured using BLI on an Octet Red96 805 

instrument. Association and dissociation profiles (separated by the vertical dotted line) were measured in 806 

real time as change in the interference pattern. 807 

Supplemental Figure 2. Sub-neutralizing concentrations of VIR-7831 and VIR-7832 do not enhance 808 

viral entry, viral replication or cytokine production in vitro. Internalization (a) and replication (b) of 809 

SARS-CoV-2 was evaluated in VeroE6, moDCs or PBMCs at various timepoints. Two independent 810 

experiments with human moDCs and PBMCs from three individual donors were analyzed (5 unique 811 

moDC donors, 6 unique PBMC donors total between two experiments). VeroE6 cells were run in 812 

duplicate for both independent experiments. Data from each replicate well from two independent 813 
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experiments are plotted as individual points, with horizontal lines representing the median. Mann-814 

Whitney U-test comparison to no antibody group, *p<0.05. c) Supernatant cytokine and chemokine levels 815 

as measured by MSD at the indicated time post infection. Data from two independent experiments (three 816 

replicates each, five unique donors) are plotted as the mean and SD. 817 

Supplemental Figure 3. Overview of VIR-7832 resistance selection method. All passaging was 818 

conducted in duplicate wells. (a) VIR-7832 concentration was increased during each passage. P3 X 819 

indicates passage 3 virus, after which virus was lost with subsequent increases in concentration. In (b) and 820 

(c), p3X denotes where passage 3 virus from (a) was used to initiate (b) viral lineage 1 and (c) viral 821 

lineage 2. Arrows indicate passages that were subjected to sequence analysis, and * indicate the passages 822 

in lineage 1 with no detectable virus or CPE. Selection continued for a total of eight passages. 823 

Supplemental Table 1. Amino acid substitutions identified in the SARS-CoV-2 S upon in vitro selection 824 

with VIR-7832. Spike gene sequences were compared to a SARS-CoV-2 reference sequence (NCBI: 825 

NC_045512.2) to identify variants. Fold-changes in IC50 were determined compared to the SARS-CoV-2 826 

virus stock. 827 

Supplemental Table 2. VIR-7831 and VIR-7832 activity against selected S variants. VIR-7831/VIR-828 

7832 epitope variants observed by in vitro resistance selection were individually tested in a VSV/VeroE6 829 

pseudotyped virus system. The geometric mean of IC50s and average fold-change versus the relative wild-830 

type control from at least two independent experiments are shown. 831 

 832 
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SARS-CoV-2 
Variant 

Geometric 
Mean VIR-
7831 IC50 
(ng/ml) 

(Average 
Fold Change 

IC50 vs. 
Wild-Type) 

Geometric 
Mean VIR-
7831 IC90 
(ng/ml) 

(Average 
Fold Change 

IC90 vs. 
Wild-Type) 

Geometric 
Mean VIR-
7832 IC50 
(ng/ml) 

(Average 
Fold Change 

IC50 vs. 
Wild-Type) 

Geometric 
Mean VIR-
7832 IC90 
(ng/ml) 

(Average 
Fold Change 

IC90 vs. 
Wild-Type) 

UK (B.1.1.7) 187.15 (3.0) 1246.86 (4.1) 181.12 (3.1) 1222.95 (3.7) 

South Africa 
(B.1.351) 71.89 (1.2) 385.01 (1.3) 59.67 (1.1) 309.84 (0.9) 

Brazil (P.1) 73.11 (1.6) 335.79 (1.4) 48.94 (1.2) 217.02 (0.9) 
 

Table 1
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Table 2

Variant Spike Mutations Fold-Change in 
VIR-7831 IC50 
vs. Wild-type

Fold-Change in 
VIR-7832 IC50 
vs. Wild-type

South Africa (B.1.351) L18F, D80A, D215G, R246I, 
K417N, E484K, N501Y, 

D614G, A701V

0.6 0.7

UK (B.1.1.7) H69-, V70-, Y144-, N501Y, 
A570D, D614G, P681H, T716I, 

S982A, D1118H

2.3 2.5

Brazil (P.1) D138Y, D614G, E484K, 
H655Y, K417T, L18F, N501Y, 
P26S, R190S, T1027I, T20N, 

V1176F

0.4 0.4

Mexico/Swiss (B.1.1.519) T478K, D614G, P681H, T732A 0.8 NT
New York (B.1.526) L5F, T95I, D253G, E484K, 

D614G, A701V
0.6 NT

Scotland (B.1.258) H69-, V70-, N439K, D614G, 0.9 NT
Nigeria (B.1.525) Q52R, A67V, H69-, V70-, 

Y144-, E484K, D614G, Q677H, 
F888L

0.9 NT

US (R.2) E484K, D614G, Q677H, T732S, 
E1202Q

0.8 NT

California 
(B.1.427/B.1.429)

S13I, W152C, L452R, D614G 0.9 NT

Liverpool (A.23.1) R102I, F157L, V367F, E484K, 
Q613H, P681R

1.1 NT

India (B.1.617) T95I, G142D, E154K, L452R, 
E484Q, D614G, P681R, 

Q1071H

0.7 NT
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Table 3

Amino 
Acid 
position

Substitution
/  Deletion

mAb with 
Reduced 

Susceptibility

Variants in 
Tested Spike 

Sequence

VIR-7831 
EC50

(ng/ml)

Average Fold Change 
in EC50 Compared to 
Relative Wild-Type 

E406 W casirivimab+

imdevimab

E406W 53.66 0.74

K417 E casirivimab K417E 67.71 0.89
N439 K imdevimab N439K, 

D614G
17.05 0.86

N440 D imdevimab N440D 80.47 1.29
N440 K imdevimab N440K, D614G 19.99 0.48
K444 Q imdevimab K444Q 79.68 1.11
V445 A imdevimab V445A 41.74 3.38
G446 V/I imdevimab G446V, 

D614G
18.41 1.50

Y453 F casirivimab G261D, Y453F 27.28 2.19
L455 F casirivimab L455F, D614G 21.65 0.56
G476 S casirivimab G476S 36.97 2.94
E484 K bamlanivimab E484K, D614G 12.91 0.33
F486 V/I casirivimab F486V 82.24 1.10
Y489 H casirivimab Y489H 92.29 1.48
F490 S bamlanivimab F490S 33.10 0.85
Q493 K casirivimab,

bamlanivimab

Q483K 69.79 0.98

S494 P casirivimab,

bamlanivimab

S494P, D614G 29.10 2.50

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 13, 2021. ; https://doi.org/10.1101/2021.03.09.434607doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.09.434607
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 4

Amino Acid Position Reference Amino 
Acida 

Variants Identified in 
order of Prevalenceb 

 

Percent Reference AA 
Conservation 

332 I V, T >99.99 

333 T I, K >99.99 

334 N K, H, Y, D >99.99 

335 L F, S, M 99.99 

336 C S >99.99 

337 P S, T, L, H, R >99.99 

339 G D, S, V, C, F 99.98 

340 E D, K, G, A, Q 99.99 

341 V I, A, P, S 99.99 

343 N S >99.99 

344 A S, V, T, D, F, P 99.98 

345 T S, I, N >99.99 

346 R K, I, S, G, T, F 99.94 

354 N D, K, S, H, G, Y 99.96 

356 K R, M, N, T, E, Y, G 99.99 

357 R K, I , G 99.95 

358 I V, T, L, A, E, F >99.99 

359 S N, T, R, G, I 99.99 

360 N S, A, T, Y >99.99 

361 C T >99.99 

440 N K, T, Y, S, D, I, H 99.89 

441 L F, I, R, V >99.99 

509 R I, K, S, T, P >99.99 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 13, 2021. ; https://doi.org/10.1101/2021.03.09.434607doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.09.434607
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 5

Epitope Reference 
Amino Acid Amino Acid Changes 

in Spike protein

Geomean 
Neutralization EC50

(ng/mL)

Average Fold-Change 
VIR-7831 EC50

Relative to Wild-Type
T333 T333I, D614G 30.93 0.59
N334 N334K, D614G 45.36 1.27
L335 L335F 29.19 0.81
P337 P337H, D614Ga 225.49 7.50

P337L, D614Ga 5241.44 180.46
P337R, D614Ga >10000 >276
P337S, D614G 127.69 1.26
P337T, D614Ga 199.78 5.38

G339 G339D, D614G 117.38 1.18
G339S, D614G 32.67 0.63
G339C, D614G 68.79 1.18

E340 E340A >10000 >100
E340K >10000 >297

E340G, D614Ga 1013.97 27.47
V341 V341I, D614G 14.6 0.16
A344 A344S 92.19 0.89

A344T, D614G 40.94 0.62
R346 R346K, D614G 24.76 0.72

R346I, D614G 65.39 1.25
R346S, D614G 42.87 0.82
R346T, D614G 89.04 1.25

N354 N354D 104.8 1.00
N354K, T95I 70.62 0.76

N354S, D614G 61.78 0.89
N354H, D614G 74.88 1.06

K356 K356R, D614G 29.61 0.57
K356N, D614G 53.22 1.12

R357 R357K, D614G 39.13 0.75
R357I, D614G 46.41 0.98

I358 I358V, D614G 32.71 0.70
I358L 44.01 0.80

S359 S359N 95.55 0.96
S359G, D614G 37.56 0.80
S359R, D614G 62.0 0.89

N440 N440K, D614G 19.99 0.48
N440Y, D614G 42.65 0.68
N440S, D614G 51.34 0.73

L441 L441F, D614G 25.21 0.40
L441I, D614G 32.96 0.70
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Supplemental Figure 1

a) b)
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Passage Spike Gene Amino Acid 
Substitution (Freq) a,b 

EC50 (μg/mL) Fold Change in 
EC50 to WTc  

SARS-CoV-2 virus stockc H66R (5.7%) 
N74K (12.6%) 
T76I (5.6%) 
215-216insKLRS (60.9%) 
H655Y (3.1%) 

0.06 NA 

VIR-7832  
Lineage 1, passage 4 

215-216insKLRS (74.5%) 
675-679 del (20.6%) 

0.34  5.64 

VIR-7832  
Lineage 1, passage 5 

215-216insKLRS (74.6%) 
675-679del (66.0%) 

0.35 5.93 

VIR-7832  
Lineage 1, passage 8 

215-216insKLRS (74.7%) 
E340A (98.7%) 
675-679del (84.5%) 

ND >10 

VIR-7832  
Lineage 2, passage 5 

215-216insKLRS (73.9%) 
675-679del (47.3%) 
R682W (4.9%) 
V1128F (3.5%) 

0.32 5.40 

VIR-7832  
Lineage 2, passage 6 

215-216insKLRS (75.3%) 
675-679del (74.2%) 
R682W (4.9%) 
V1128F (30.9%) 

0.39 6.54 
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Amino Acid 
Changes in Spike 

protein

VIR-7831 VIR-7832
Geomean 

Neutralization 
EC50 (ng/mL) 

Fold Change 
Relative to Wild-

Type

Geomean 
Neutralization 
EC50 (ng/mL)

Fold Change 
Relative to Wild-

Type
Wild Typea 104.46 NA 100.75 NA

E340A > 10,000 >100 > 10,000 > 107
R682W 53.96 0.52 47.78 0.49
V1128F 50.65 0.53 49.69 0.60

Supplemental Table 2
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