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Antibody therapy
Quintillion possible antibodies in human sera


Companies racing to find the best

Each different strategy, different candidates

Which are best?

Are they best in combination?

How to make them affordable? 
More potent, more durable: more people


Global access?
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Global Collaboration 
Side-by-side analysis 

Which are best? What makes them best? 
Best in combination? 

Make available to everyone

Coronavirus Immunotherapeutic 
Consortium 



this idea came from…..





Ebola virus

When we started: 
No vaccine 
No drugs 
No treatments



2013, Ebola virus: 
Antibodies that worked in vitro, but not in vivo 

Antibodies that protected in vivo, but didn’t work in vitro
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Escalating epidemic….
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Missing information. 
Need better tools, more samples. 

Everyone is working in a silo. 
Escalating epidemic….

Need to work smarter. 
Need to work faster. 

Need to work together.

2013, Ebola virus: 
Antibodies that worked in vitro, but not in vivo 

Antibodies that protected in vivo, but didn’t work in vitro



Launched a global collaboration



44 labs, 5 continents 
academic-industry-government 

single comprehensive effort 
What antibodies are best? How do we find them?

Launched a global collaboration



200 people:
antibodies

features
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Logistic regression: 17 features predictive of protection (AUC 0.958)

Previous focus: mechanics
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Coefficients that weight individual features in the equation that predicts protection

Logistic regression: 17 features predictive of protection (AUC 0.958)

New focus: mechanics
New focus: mechanics

New focus: mechanics

Previous focus: mechanics

Galit Alter, John Dye, Kartik Chandran, Yoshihiro Kawaoka, Kristian Andersen 



Coefficients that weight individual features in the equation that predicts protection

Logistic regression: 17 features predictive of protection (AUC 0.958)

New focus: mechanics
New focus: mechanics

New focus: mechanics

Previous focus: mechanics

New
New

New

New
New

New
New

Galit Alter, John Dye, Kartik Chandran, Yoshihiro Kawaoka, Kristian Andersen 



Coefficients that weight individual features in the equation that predicts protection

Logistic regression: 17 features predictive of protection (AUC 0.958)

New focus: mechanics
New focus: mechanics

New focus: mechanics

Previous focus: mechanics

New
New

New

New
New

New
New Fc: immune  

recruitment

Galit Alter, John Dye, Kartik Chandran, Yoshihiro Kawaoka, Kristian Andersen 



August 2019



Coronavirus Immunotherapeutic 
Consortium 



Global Collaboration 
Side-by-side analysis 

Which are best? What makes them best? 
Best in combination? 

Make available to everyone

Coronavirus Immunotherapeutic 
Consortium 
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We thought 
we’d stop 

here
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CoVIC Contributor Profile

10%3%

6%

15%

18%

30%

18%

0-10
11-50
51-100
101-500
501-1000
1000-3000
>10,000

Number of employees

8.3% of panel
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COVIC-DB: https://covicdb-submission.lji.org/dashboard
Brendan Ha, Mari Kojima, Randi Vita, Mahita Jarjapu, James Overton, Anais Gambiez, Jason Greenbaum, Bjoern Peters
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Spike

viral membrane

target cell

one receptor binding domain is “up”





View is from 
perspective of the target cell
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Class 1

Class-4 Class 3

Class 2

Barnes, et al, Nature, 2020

Quintillion possible antibodies

Epitopes are not discrete


Landscape is a continuum
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Upper



Epitope binning

Dan Bedinger

Antibodies arrayed on chip and 
a second set of antibodies is 
flowed across the chip

Interaction matrix of 
antibodies in ligand (rows) vs. 
analyte (columns) format 
Red: blocking pairs; Green: 
sandwiching pairs; black 
outline (self) 

Network plot; epitope bins 
are colored and correspond 
to heat map plot

Ligand

Analyte

Antigen 
(Soluble RBD)



Dan Bedinger, 
Carterra

First, competition analysis:

~370 mAbs analyzed in HTP SPR (Carterra LSA) 
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Dan Bedinger, 
Carterra
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7 core RBD-directed communities

Separation is by degree of competition

first major division
second major division

21367 4 5

Dan Bedinger, 
Carterra



21367

first major division

second major division

a b

7 core RBD-directed communities

4 5

Separation is by degree of competition

a b c a b cc d

Dan Bedinger, 
Carterra
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Haoyang Li + Saphire Lab

IgG binding behavior by community

RBD-1

RBD-2a

RBD-2c

RBD-2d

RBD-2b

RBD-3

RBD-4a

RBD-4b

RBD-5a

RBD-5b

RBD-5c

RBD-6a

RBD-6b

RBD-7a

RBD-7b
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Inter-spike cross-linking

IgG binding behavior by community

Bivalent, intra-spike binding

Fully occupied Spike



RBD immobilized on BLI biosensors is dipped 
into wells containing saturating amount of 
antibody (20µg/mL)

Antibody-bound RBD sensors are dipped into 
soluble ACE2 (250nM) for 300 s and 
dissociation is followed for 300 s

The percentage inhibition 
is determined relative to 
buffer only and non-RBD-
binding control mAb

Antibody inhibition of Spike-ACE-2 interaction

 

Georgia Tomaras
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Variable competition

Non-RBD Binders

Variable competition
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IgG binding behavior by community

neutralization, protection

Possible ACE2 steric hindrance 
through cross-linking on virion surface
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October 2020: Variants Of Concern
Which CoVIC mAbs are resistant to VOC? 

What epitope group are they in?  
What combinations good for cocktails? 



Select 40 representative mAbs to map resistance

Hastie and Li, et al., Science, July 2021



Pseudovirus neutralization
Pre-incubate pseudovirus with CoVIC 
mAbs at indicated concentration for 
1 hr at 37 ˚C

Incubate antibody-pseudovirus 
complexes with target cells

Stain cells, autoenumeration of 
infected cells

Generate neutralization curves 
from average of triplicate 
measurements; calculate IC50, IC80 

SARS-CoV-2 Spike source: Wuhan Hu-1 strain or VOC 

Base pseudovirus: VSV∆G 

Pseudovirus transduction: HEK293K cells transfected with  

SARS-CoV-2∆CT (C-term 19 aa deleted) 

Pseudovirus: VSV∆G-Spike∆CT 

Target cells: Vero 

Reporter: GFP 

Plate reader: CX5 CellInsight 

Calculation method:  4-PL curves 

Software: Prism 

Luc

Kate Hastie
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34 mutations - 15 in the receptor 
binding domain alone
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We’re gonna need a bigger data set. 

Kate
Sharon
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Rapid screening of entire CoVIC panel : thumbs up or down 
High (25ug/mL) and Low (250ng/mL) neutralization of VOC pseudovirus

CoVIC 1-96, 250ng/mL

Neutralization of VOC pseudovirus

Kate Hastie
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Within an epitope 
community, the LSA 

could separate 
antibodies that had 

different activity 
against Omicron 

sublineages



From outbreak.info
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Others persist in neutralization  
despite recognizing a highly mutated site.

RBD-2 Receptor-binding motif

Potent neutralization

Subject to mutation

The RBD-2s recognize a similar footprint 
Yet some still neutralize omicron and others do not. 

Why? What’s the difference?

Look at the IgG-spike complexes by electron microscopy
Callaway et al Cell Reports 2023
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Neutralize Omicron Do NOT Neutralize Omicron

One monovalent Half bivalent

Half monovalent

Callaway et al Cell Reports 2023
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Bivalent Binder Non-Bivalent Binder

Bivalent binders use avidity to compensate for 
lower affinity

IgGs still neutralize

Fab from bivalent IgG

struggles to neutralize, 


even though its IgG 

does just fine

With BA.1:



BA.4/5 survivors:
IgG that 

bind bivalently





LESSONS LEARNED: 
Bivalent binding 

maintained 
neutralization vs. 

Omicron


Classical approach with 
Fab only 


would NOT have been 
revealed this binding 

mechanism


Considerations for 
different constructs, 

e.g., bispecifis





CoVIC guidance for the future…

Next pandemic Isolate antibodies Bin them

Luc

Measure

Affinity

Neut

(Pseudo- or authentic OK for SARS-

CoV-2)

or

For each bin, choose 
representative for in vivo and 

structure
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