
Nicole Doria-Rose, PhD
Vaccine Research Center, NIAID, NIH

October 30, 2023

Dale and Betty Bumpers

Vaccine  Research  Center
National Institute of Allergy and Infectious Diseases

National Institutes of Health

Measuring in vitro 
Susceptibility to bNAbs



Measuring in vitro Susceptibility to bNAbs

• Most common measurement: Neutralization Assay

– Prevention of target cell infection by free virus

• Neutralization typically measured with pseudoviruses on cell lines

– Other assays: use PBMC-grown virus on cell lines or on PBMC

• Other functions may be measured:

– Blocking cell-to-cell infection

– Non-neutralizing functions, eg ADCC

– IgG glycoforms

– Viral outgrowth
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➢Only neutralization has been shown to correlate with in vivo protection



How are the assays done? 

What do the numbers mean?



Advantages of Env-pseudoviruses

• Single round of infection

• Assay is reproducible

• Quickly produce stocks by co-transfection of standard HIV genome backbone 

with Env of choice

– Can have hundreds of Env strains, mutants

– Do not need to grow large stocks of replicating HIV – do not need BSL3 lab
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• IC50 or IC80: concentration of antibodies at which 50% or 80% of virus is 

neutralized

➢Smaller values = more potent
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• IC50 or IC80: concentration of antibodies at which 50% or 80% of virus is 

neutralized

➢Smaller values = more potent

• ID50 or ID80: reciprocal dilution of serum or plasma at which 50% or 80% of 

virus is neutralized

➢Larger values = more potent
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Scale of pseudovirus neutralization assays

• Assays can be done manually or in automated systems

• Small-scale in many research labs

• Large-scale in a few research labs

– NIH/VRC, IAVI, Duke (Montefiori), Harvard (Seaman)

• Commercially: Monogram



Commercial Testing: Monogram PhenoSense nAb Assay

• Assays for mAbs are 

validated to CLIA/CAP 

specifications

• Characterizing novel bNAbs

• Pre-screening Envs from 

potential participants in 

antibody therapy trials

Chris Petropoulos



Does in vitro neutralization

correlate with 

in vivo protection?



NHP: In vitro potency predicts in vivo protection

• Lower doses of a more potent antibody protect NHP from SHIV challenge

Julg et al 2017 Sci Transl Med

PGDM1400

0.04 µg/ml

CAP256-VRC26.25-LS

0.003 µg/ml

IC50 vs challenge virus:
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NHP: In vitro potency predicts in vivo protection

• Lower doses of a more potent antibody protect NHP from SHIV challenge

• Meta-analysis of NHP studies shows correlation of ID50 with protection

Pegu et al Cell Host Microbe 2019
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Proof-of-concept in Humans: bNAbs for Prevention

Corey et al 2021 NEJM

• AMP Clinical Trials: can the bNAb VRC01 prevent HIV infection?

– HVTN703 (women, Africa) and HVTN 704 (men, Americas), n=4600

– 10 or 30 mg/kg VRC01 IV, every 8 weeks, vs placebo

• No overall preventive effect



AMP trials: bNAb efficacy against sensitive viruses

Corey et al 2021 NEJM

• Envs from all infected participants were tested for sensitivity to VRC01 in 

pseudovirus neutralization assay

• VRC01 prevented infection by very sensitive viruses

➢Proof of concept that bNAbs can prevent infection

➢Support for clinical relevance of pseudovirus assay

Viruses with
VRC01 IC80

<1 µg/mL

1-3 µg/mL

>3 µg/mL



How can we use 

neutralization data?



• Measure breadth and potency on large pseudovirus panels:

– Number of Envs? (often 100-200)

– Single clade or multi-clade?

– Local or global?

– Contemporary?

Assessing bNAbs for clinical use

Zhang et al Sci Rep 2022



Should we focus on contemporary viruses?

Mkhise et al 2023 PLoS Path

Clade C
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Coverage Complementarity

IC80 Titers (µg/ml)

>1

0.100-1.00

0.01-0.100

0.001-0.01

<0.001

0.042 7.911

0.006 0.421

0.902 0.296

0.0007 0.215

>50 0.13

0.0005 0.088

>50 0.507

42.183 0.138

0.007 0.061

0.079 0.198

>50 1.035

0.004 0.207

>50 0.704

0.015 22.33

0.001 0.118

0.019 0.18

7.939 >50

0.116 0.092

0.873 0.306

>50 0.701

0.004 0.081

0.006 0.275

0.007 4.344

0.017 0.294

>50 0.049

0.007 0.077

0.007 0.068

0.011 0.088

0.002 0.013

0.0004 0.087

>50 1.047

0.007 1.547

0.679 0.177

>50 1.759

0.003 0.241

>50 0.502

0.004 1.388

0.03 >50

33.143 0.422

>50 1.86

>50 0.136

0.019 0.781

0.0006 0.023

0.0006 0.556

0.002 0.238

0.0009 9.766

0.002 0.126

0.0006 0.409

>50 0.091

0.003 9.005

>50 0.077

>50 2.927

0.311 0.057

0.001 0.282

0.001 8.883

0.025 0.072

>50 0.115

>50 0.908

0.002 0.485

>50 1.974

>50 0.008

>50 >50

0.013 >50

0.097 0.459

0.002 0.234

27.509 1.196

>50 0.213

>50 0.062

>50 1.807

>50 0.098

0.004 0.379

0.773 0.579

>50 0.685

0.002 0.539

0.001 0.138

19.847 0.319

20.31 0.325

>50 0.428

>50 0.552

>50 0.199

0.002 0.145

0.0001 0.021

0.002 >50

0.002 0.288

0.002 0.01

0.034 >50

0.005 0.044

0.858 0.031

0.004 0.388

49.999 0.629

0.01 0.084

>50 0.288

7.807 0.317

>50 0.113

0.003 1.223

0.004 9.054

>50 0.071

0.1157 1.001

0.014 0.696

0.135 0.859

>50

0.643

0.039

0.004

0.001

62% 75%

Krisha McKee

Michael Seaman
Carolyn Williamson
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To express activity of 

combination:

For each virus, count the IC80 

of the more potent antibody



• We often show coverage assuming at least one mAb is active 

– ie count viruses that are sensitive to at least one mAb in the combination

• For some viruses, a combo is effectively monotherapy

– This is probably acceptable for prevention

– For treatment, monotherapy is very unlikely to work

Combinations: One mAb active, or more than one?
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Lower Coverage if you Require 2 Active mAbs

Krisha McKee

Michael Seaman
Carolyn Williamson

62% 75% 90% 47%

IC80 (µg/ml)

>1
0.100-1.00
0.01-0.100

0.001-0.01
<0.001

>50

0.643

0.039

0.004

0.001

To express activity of 

combination:

1 Active

For each virus, count the IC80 

of the more potent antibody

2 Active

For each virus, count the IC80 

of the less potent antibody



• Neutralization on large panels of (pseudo)viruses

• Old definition: sensitive if IC50 < 50 µg/ml

How do we define breadth of coverage? 

V
R
C
01

V
R
C
07

-5
23

-L
S

V
R
C
01

.2
3L

S

0

20

40

60

80

100
%

 V
ir

u
s
e
s
 N

e
u

tr
a
li
z
e
d

IC50 < 50 ug/ml

V
R
C
01

V
R
C
07

-5
23

-L
S

V
R
C
01

.2
3L

S

0

20

40

60

80

100

%
 V

ir
u

s
e
s
 N

e
u

tr
a
li
z
e
d

IC80 < 1 ug/ml



• Neutralization on large panels of (pseudo)viruses

• Old definition: sensitive if IC50 < 50 µg/ml

• Post-AMP: sensitive if IC80 < 1 µg/ml

How do we define breadth of coverage? 
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How can we use 

neutralization data for 

treatment trials?



• In some bNAb therapy trials (viremic or ATI), subjects were pre-screened for 

Envs that were sensitive to the study bNAb

– Clone and test individual Envs

– Shotgun sequencing, test pseudovirus mix

• Sequencing and sensitivity testing of rebound viruses can help explain loss of 

bNAb-mediated control

Neutralization assays in therapy trials



• VRC601 trial: Viremic subjects were given one infusion of VRC01

• Some had temporary decrease in viral load

• Envs were sequenced and tested for VRC01 sensitivity

• In some cases, viral rebound was associated with increased resistance to 

VRC01

Monitoring escape during therapy

Lynch et al STM 2015



• Pseudovirus neutralization titers correlate with in vivo 

protection

• The assays are essential for selecting clinical candidates

– Choice of virus panels, cutoffs may be critical

• The assays can be used clinically in bNAb therapy:

– Prescreen patients 

– Monitor viral phenotype changes during therapy

Conclusions 
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Uses of Neutralization Data

• Discovery, characterization, improvement of bNAbs

– Breadth

– Potency

– Activity against specific clades, local isolates

• Comparing bNAbs to choose clinical products

• Clinical investigation: does neutralization correlate with protection?

• Predicting / monitoring viral escape in treated patients



• Correlates analysis for symptomatic infection in Phase 3 trial of mRNA-1273:

• Binding antibodies and neutralizing antibodies both correlate with protection 

Pseudovirus neutralization is a correlate of 
protection for mRNA COVID-19 Vaccine

Gilbert et al 2022 Science
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