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COVID-19 (disease) and SARS-CoV-2 (virus)
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• Coronaviruses (CoVs) are a family of RNA viruses that typically cause 

mild respiratory disease in humans.

• Previous outbreaks include Severe Acute Respiratory Syndrome 

Coronavirus (SARS-CoV) and Middle East Respiratory Syndrome 

Coronavirus (MERS-CoV).

• Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) led 

to the current COVID-19 pandemic.
Johns Hopkins Center for Health Security, 

centerforhealthsecurity.org

IMPORTANT QUESTIONS:

• What are the rates of population immunity?

• What constitutes a protective response? Is re-infection possible?

• How long do protective immune responses last?

• How effective are candidate vaccines at producing protective responses?

• Who are good donors for plasma therapy trials?
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Resources: Serology-based tests for COVID-19

Most serology tests do NOT detect virus neutralization 

Only NEUTRALIZING antibodies are capable of blocking virus infection

ELISA 

(Enzyme-linked 

immunosorbent assay)

Rapid test that detects IgG, IgM, 

or IgA antibodies that bind 

SARS-CoV-2 antigens

(Qualitative or quantitative)

Lateral Flow Rapid Diagnostic

Rapid test that detects antibody 

binding to SARS-CoV-2 antigen 

as color change on a cartridge

(Qualitative)

Plaque Reduction 

Neutralization Test

Detects the capacity of a sample 

to block virus plaque formation in 

cultured cells

(Quantitative)

+
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Limitations of the PRNT assay

The plaque reduction neutralization test (PRNT) is the gold-standard for detecting 

virus-neutralizing antibodies. However …

• The assay must be performed in a BSL-3 lab 

- Safety concern 

- Limited lab capability

• Plaques in each well must be manually counted

- Low through-put
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A scalable, safer alternative to a traditional PRNT assay

• An artificial mimic virus that can infect cells like the COVID-19 virus

• A reporter cell line that can detect virus infection 
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Vesicular Stomatitis Virus (VSV)
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• Primary hosts: horses, cattle, and swine

• Human infections rare

- Typically asymptomatic, 

or mild fever/general malaise

• Enveloped, 11 kb negative sense RNA virus

• Virion composed of:

- Nucleocapsid core (RNA viral genome, polymerase (L), 

phosphoprotein (P), nucleoprotein (N) and matrix (M))

- Lipid envelope derived from host cells

- Membrane glycoprotein (G) 

• VSV-G binds cellular receptors and mediates virus infection into cells
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VSV is amenable to genetic manipulation
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• There are several established reverse genetic systems for engineering recombinant VSVs.

• Payload viruses encode additional genes (e.g. reporter genes, antigens). 

• VSV-G can be replaced with other viral glycoproteins that facilitate cell entry.

- VSV-EBOV: VSV expressing Ebola virus glycoprotein

Schematic of VSV genome
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VSV-SARS-CoV-2 expresses the SARS-CoV-2 spike glycoprotein
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Spike incorporation into virions 

confirmed by Western Blot

How can virus infection be detected 

in a high-throughput format? 
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A Dual Split Protein Assay to rapidly quantitation virus-induced fusion
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VSV-SARS-CoV-2-S-19CT 

infection induces fusion in 

Vero cells

Vero-DSP1 and Vero-DSP2 cell lines 

generated by lentiviral vector transduction

VSV-SARS-CoV-2-S-19CT infection 

induces luciferase expression in Vero-

DSP1/2 cells

Cell fusion can 

be detected 

using a dual split 

protein system

Mizuki Yamamoto et al. Antimicrob. Agents 

Chemother. 2016; doi:10.1128/AAC.01043-16
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Fusion is effected by cell density and virus potency 
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• Optimal cell density is: 6x104 cells/well.

• Cells should be seeded from flasks that 

are “under-confluent”.

• Cells can be seeded directly from 

cryopreserved stocks if given 2 days to 

recover.

• The extent of cell fusion (luciferase 

signal) varies between different virus 

lots (irrespective of viral titer), but 

increases for a given lot with increased 

virus inoculumCan VSV-SARS-CoV-2-S-19CT-

induced luciferase activity by blocked? 
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Proof of Concept: Neutralization of VSV-SARS-CoV-2-S-19CT 
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Inhibition of VSV-SARS-CoV-2-S-19CT 

by purified proteins

Inhibition of VSV-SARS-CoV-2-S-19CT 

by COVID-19 convalescent plasma

Con. plasma
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Optimization of Assay Workflow
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Problem: Virus is unstable at 37ᵒC
Solution: Reduce neutralization time 

to 30 min. at room temperature

Problem: Plasma thermal coagulation

Solution: Clarify samples by centrifugation 

before using in assay

Question: To heat inactivate or not?

Solution: Testing on-going, currently 

validated assay does not heat inactivate

Positive Serum
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The assay demonstrates strong clinical correlation
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“POSITIVE” cohort

Tested positive by PCR for SARS-

CoV-2 OR for anti-SARS-CoV-2 

antibodies by other serology test

“NEGATIVE” cohort

Not exposed to and had no 

symptoms of COVID-19 OR negative 

for anti-SARS-CoV-2 antibodies by 

other serology test

“TEST” cohort

Exposed to someone who tested 

positive for COVID-19 but not 

tested themselves

Two samples tested negative by other serological assay.
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A contrived control as a quantitative calibrator
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• Control antibody (mAb10914) binds spikes 

and inhibits virus entry.

• Increasing concentrations of mAb10914 

decrease infection and reduce luciferase.

• A calibration curve of stepped mAb10914 

concentrations is used to generate a 

calibration curve and determine virus 

neutralizing units (VNU).

• VNU: equivalent mAb10914 concentration 

multiplied by 100.

30 VNU 300 VNU



15

Convalescent samples exhibit a range of VNUs
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Representative VNUs from samples positive for anti-SARS-CoV-2-neutralizing antibodies
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VNUs correlate closely to traditional PRNT titers
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• VNUs closely correlate to PRNT titers.

• Alternative assay method: determine virus 

neutralizing titer (similar to PRNT) by 

assaying serial dilutions of samples.
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Summary
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• We have developed the first validated, scalable, commercially available diagnostic test 

that can detect neutralizing antibodies for COVID-19 (EUA in review).

• The assay exploits the capacity of a recombinant VSV-SARS-CoV-2-S virus to induce 

cell fusion that can be measured using a DSP luciferase reporter system.

• Inhibition of VSV-SARS-CoV-2-S-19CT mimics that of SARS-CoV-2, and can be used 

to quantitate neutralizing antibodies without the need for labor intensive BSL-3 assays.

• https://www.biorxiv.org/content/10.1101/2020.05.26.117549v1

(full pre-print manuscript)

This assay brings us one small step closer to answering important 

questions about SARS-CoV-2 immunity.

https://www.biorxiv.org/content/10.1101/2020.05.26.117549v1
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