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Neutralizing antibodies and Vaccines
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SARS-CoV-2 Neutralizing Antibody Mechanism



Leading vaccine candidates against SARS-COV-2

COVID-19 vaccines 

using this platform

Phase and status

⚫ Sinopharm-Phase 3-Approved in 

China, U.A.E., Bahrain.

Emergency use in other coutries.

⚫ Sinovac-Phase 3-Approved in 

China. Emergency use in other 

countries.

⚫ Bharat Biotech-Phase 3-

Emergency use in India, Iran, 

Zimbabwe.

⚫ CanSino-Phase 3-Approved in 

China. Emergency use in Mexico, 

Pakistan.

⚫ AstraZeneca-Phase 2/3-

Approved in Brazil. Emergency 

use in U.K., E.U., other countries.

⚫ Gamaleya-Phase 3-Early use in 

Russia. Emergency use in other 

countries.

⚫ J&J-Phase 3-Emergency use in 

U.S., E.U., Bahrain.

⚫ Pfizer-BioNTech-Phase 2/3-

Approved in several countries. 

Emergency use in U.S., E.U., 

other countries.

⚫ Moderna-Phase 3-Approved in 

Switzerland. Emergency use in 

U.S., U.K., E.U., others.

⚫ Vector Institute-Phase 3-Early 

use in Russia.

⚫ Novavax-Phase 3.

⚫ Anhui Zhifei Longcom-Chinese 

Academy of Medical Sciences-

Phase 3-Emergency use in China 

and Uzbekistan.

Mindray' solution for 

monitoring vaccine-

induced immune response
Anti-S-RBD IgG/Total antibody

Neutralizing Antibody/Anti-S-RBD 

IgG/Total antibody??

Neutralizing Antibody/Anti-S-RBD 

IgG/Total antibody??
Anti-S-RBD IgG/Total antibody??

and etc. and etc. and etc.

Image from: Pediatric Allergy and Immunology, Volume: 32, Issue: 1, Pages: 9-16, First published: 28 October 2020, DOI: (10.1111/pai.13401) 

Data from: https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html



How the inactivated vaccine Works

Image from: https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html

Vaccine 

developer

Number 

of 

doses

Dosing 

schedule(day)
Trial group Monitoring time of neutralizing antibody(day) Efficacy

Sinopharm 2

0+21 (Phase 2) 1. 18–59 years

PRNT:0+35+49（peak-28 days after the second inoculation）1

Neutralizing antibody GMT: 282.7149

specific IgG-binding antibody:0+35（peak-14 days after the second inoculation）2

IgG titers (to whole SARS-CoV-2 antigen): 215
79.34%

0+28 (Phase 1) 2. ≥60 years
PRNT:0+7+14+28+32+42（peak-14 days after the second inoculation ）1

Neutralizing antibody GMT: 131.4649; Seroconversion rate: 100%

Sinovac

Biotech
2

0+14 (Phase 2) 1. 18–59 years

PRNT:0+28+42（peak-14 days after the second inoculation）3

Neutralizing antibody GMT: 27.6; Seroconversion rate: 92.4%

RBD specific IgG:0+28+42（peak-14 days after the second inoculation）
IgG titers: 1094.3; Seroconversion rate: 96.5% 50.38%-Brazil trial

83.5%-Turkey trial

0+28 (Phase 1) 2. ≥60 years
PRNT:0+28+56（peak-28 days after the second inoculation）4

Neutralizing antibody GMT: 54.9; Seroconversion rate: 100.0%



How the mRNA vaccine Works

Image from: https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html

Vaccine 

developer

Number 

of doses

Dosing 

schedule(day)
Trial group Monitoring time of neutralizing antibody(day) Human convalescent serum Efficacy

Moderna 2 0+28

1. 18-55 years
Live virus PRNT80:0+42 (peak-14 days after the second inoculation)5GMR: 654.3

IgG ELISA-S-2P:0+14+28+35+42+56 (peak-14 days after the second inoculation) GMT: 811,119

IgG ELISA-RBD:0+14+28+35+42+56（peak-14 days after the second inoculation） GMT: 558,905

Live virus PRNT80:158.3

IgG ELISA-S-2P:142,140

IgG ELISA-RBD:37,857

94.10%2. 56-70 years
Live virus PRNT80:0+42 (peak-14 days after the second inoculation)6 GMR: 878

IgG ELISA-S-2P:0+14+28+35+42+56 (peak-7 days after the second inoculation) GMT: 5,033,017

IgG ELISA-RBD:0+14+28+35+42+56（peak-7 days after the second inoculation） GMT: 1,471,882

Live virus PRNT80:158

IgG ELISA-S-2P:138,901

IgG ELISA-RBD:37,244

3. ≥71 years
Live virus PRNT80:0+42 (peak-14 days after the second inoculation)6 GMR: 317

IgG ELISA-S-2P:0+14+28+35+42+56 (peak-7 days after the second inoculation) GMT: 2,636,979

IgG ELISA-RBD:0+14+28+35+42+56 (peak-7days after the second inoculation) GMT: 711,752

Pfizer-

BioNTech
2 0+21

1. 18-55 years
PRNT:0+7+21+28+42+49+84 (peak-7days after the second inoculation)7 Neutralization Titer:312

S1 specific IgG:0+7+21+28+42+49+84 (peak-7days after the second inoculation) (U/ml): 8,279

RBD specific IgG:0+7+21+28+42+49+84 (peak-7days after the second inoculation) (U/ml): 6,299

PRNT50-Neutralization Titer:94

S1-IgG (U/ml): 631

RBD-IgG (U/ml):602

91.30%

2. 65-85 years
PRNT50:0+21+28+35 (peak-14 days after the second inoculation)8 Neutralization Titer: 206

S1-Binding  IgG:0+21+28+35 (peak-7days after the second inoculation) (U/ml): 7,985

PRNT50-Neutralization Titer:94

S1-Binding  IgG-(U/ml): 631



How the Viral vector-based vaccine Works

Image from: https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html

Vaccine 

developer

Number of 

doses

Dosing 

schedule(day)
Trial group Monitoring time of neutralizing antibody(day) Human convalescent serum Efficacy

Gamaleya 2 0+21 18–60 years

PRNT:0+14+28+42 (peak-21days after the second inoculation)9

GMT: 49.25; Seroconversion rate:100%

RBD specific IgG:0+14+21+28+42 (peak-21days after the second inoculation) 

GMT: 14703; Seroconversion rate:100%

at ~1 month after recovery

PRNT- GMT: 32.96; 

Seroconversion rate:90.9%

RBD IgG- GMT: 1266;

Seroconversion rate:85.8%

91.60%

AstraZeneca 2 0+28

1. 18-55 years

live SARS-CoV-2 micro-neutralization assay MNA80:0+28+42 Median: 13610

Standardized IgG against trimeric SARS-CoV-2 spike protein:

0+7+14+28+35+42+56 (peak-14 days after the second inoculation) EU: 997.5

Multiplex MSD – Anti spike IgG :

0+28+42 (peak-14 days after the second inoculation)-(AU/mL): 33830.8

Multiplex MSD – RBD IgG:

0+28+42 (peak-14 days after the second inoculation)-(AU/mL): 16825.4

/ 81·3%
2. 56-69 years

live SARS-CoV-2 micro-neutralization assay MNA80:0+28+42+56 Median: 14411

Standardized IgG against trimeric SARS-CoV-2 spike protein:

0+14+28+35+42+56 (peak-14 days after the second inoculation) EU: 648

Multiplex MSD – Anti spike IgG :

0+28+42+56 (peak-14 days after the second inoculation)-(AU/mL): 20617

3. ≥70 years

live SARS-CoV-2 micro-neutralization assay MNA80:0+28+42+56 Median: 16111

Standardized IgG against trimeric SARS-CoV-2 spike protein:

0+14+28+35+42+56 (peak-14 days after the second inoculation) EU: 525

Multiplex MSD – Anti spike IgG :

0+28+42+56 (peak-14 days after the second inoculation)-(AU/mL): 19414

Johnson & 

Johnson
1 /

1. 18-55 years

PRNT:0+28+56+70 (peak-70 days after inoculation)12

(IC50 Log10GMT): 321; Seroconversion rate:100%

Anti spike IgG:0+28+56+70 (peak-56 days after inoculation)

(EU/ml  Log10GMC): 660; Seroconversion rate:100%
PRNT-Log10GMT:522

Anti spike IgG-Log10GMC:899

72%-United 

States, 64%-

South Africa, 

61%-Latin 

America2. >65 years 

PRNT:0+14+28 (peak-28 days after inoculation)

(IC50 Log10GMT): 277; Seroconversion rate:96%

Anti spike IgG:0+14+28 (peak-28 days after inoculation)

(EU/ml  Log10GMC): 312; Seroconversion rate:96%



How the Subunit vaccine Works

Image from: https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html

Vaccine 

developer

Number of 

doses

Dosing 

schedule(day)
Trial group Monitoring time of neutralising antibody(day) Human convalescent serum Efficacy

Novavax 2 0+21 18–59 years

PRNT(MNIC>99%):0+21+35 (peak-14 days after the second inoculation)13

GMT:3906

Anti-Spike IgG:0+7+21+28+35 (peak-14 days after the second 

inoculation) 

(EU/ml): 63,160

PRNT: 983; S- IgG: 8344

Asymptomatic: P-254; S-1661

Outpatient symptomatic:

P-837; S-7420

Hospitalized: 

P-7457; S-53,391

89.30%

ZFSW 3 0+30+60 18–59 years

PRNT50:0+44+74 (peak-14 days after the third inoculation)14

GMT: 103; Seroconversion rate: 96.6%

RBD specific IgG:0+14+30+44+60+74 (peak-14 days after the third 

inoculation) 

GMT: 1782; Seroconversion rate: 99.3%

PRNT50- GMT: 51
Unknown



Do we have any effective methods to detect 
neutralizing antibodies?
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• “Standard Method”

• High Biosafety requirements

• Time consuming

• Very limited lab resources and high cost

Because of these drawbacks of VNT, immunoassays are 
necessary to vaccine evaluation in both clinical trails and 
national  immunization.

Conventional approach- Virus Neutralization Test (VNT)



Novel 2019 coronavirus structure, mechanism of action, antiviral drug promises and rule out against its treatment

Neutralizing antibody tests are designed to reflect the  protection mechanism in vivo



What  kinds of serology tests can Mindray 
provide in the post pandemic  era?
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➢ The S protein binds to ACE2 through the RBD region of the S1 subunit, mediating viral attachment to host cells.

➢ The FP of SARS-CoV-2 and the two HR domains on S2 are essential for viral fusion to host cells.

*The images are from: https://www.caymanchem.com/news/tools-to-study-host-interactions
https://www.biocat.com/corona-antibodies

Antibody Main Function Possible Clinical Scenario Competitors with 
same design

Progress

IgG and IgM IgG and IgM to RBD on S-
protein + N protein

Aid to diagnosis, indicate disease course Already launched

Neutralizing 
Antibody（Core）

special sites of S RBD May indicate natural infection and vaccine 
induced  immunity

GenScript Already launched

Neutralizing 
Antibody
(S-RBD IgG)

the whole sequence of RBD, 
BUT only detect IgG type

Indicate past infection 
May indicate herd immunity
May indicate natural infection  and vaccine 
induced  immunity

Siemens, Abbott Already launched

Neutralizing 
Antibody
(Total antibody)

the whole sequence of RBD, 
BUT detect IgM, IgG and IgA 
together

Aid to diagnosis
Prevalence screening
May indicate natural infection and vaccine 
induced  immunity

Roche under development

SARS-COV-2 Antibody Types, Functions and Possible Clinical Scenarios

https://www.caymanchem.com/news/tools-to-study-sars-cov-2-host-interactions
https://www.biocat.com/corona-antibodies


Humoral Responses and Serological Assays in SARS-CoV-2 Infections 

Help doctors evaluate the dynamics of the immune response 
of patients depending on the duration of the disease!



Neutralizing antibody  tests

The design of NTAb assay

S-RBD

ACE2-AP

Bea

ds

Neutralizin
g Antibody

Bea

ds
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ds

X

The design of RBD IgG assay

S-RBD

Mouse anti human IgG-AP

S-RBD

RBD-AP

The design of Total antibody assay

Indirect mothedcompetitive method Sandwich mothed

Antibody Main Function Possible Clinical Scenario Competitors with same 
design

Progress

IgG and IgM IgG and IgM to RBD on S-
protein + N protein

Aid to diagnosis, indicate disease course Snibe, YHLO Already launched

Neutralizing 
Antibody（Core）

special sites of S RBD May indicate natural infection and vaccine induced  
immunity

GenScript, Snibe launched

Neutralizing 
Antibody
(S-RBD IgG)

the whole sequence of RBD, BUT 

only detect IgG type

Indicate past infection 
May indicate herd immunity
May indicate natural infection and vaccine induced  
immunity

Snibe, Siemens, Abbott launched

Neutralizing 
Antibody
(Total antibody)

the whole sequence of RBD, BUT 
detect IgM, IgG and IgA together

Aid to diagnosis
Prevalence screening
May indicate natural infection and vaccine induced  
immunity

Roche under development



Test Principle-Neutralizing Antibody 

competitive method



Test Principle-S-RBD IgG Assay 

Indirect method



Test Principle-Total Antibody Assay 

Sandwich method



Interpretation of Results

1. Non-reactive: S-RBD IgG<10, Total antibody<10, Neutralizing antibody<10

2. Reactive: S-RBD IgG≥10, Total antibody≥10, Neutralizing antibody≥10

As with all analyte determinations, the result should be used in conjunction with information available from clinical

evaluation and other diagnostic procedures.

The individual immune response following SARS-CoV-2 infection varies considerably and might give different

results with assays from different manufacturers. Results of assays from different manufacturers should not be

used interchangeably.



WHO Standardization Results of S RBD IgG

Mindray SARS-CoV-2 S-RBD IgG assay  performed good 

correlation with WHO standard materials.

Pearson correlation coefficient ：r=0.9978                  

Conversion ：Mindray AU=0.8229×BAU
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NTAb： Pearson correlation coefficient r=0.9975

Conversion ：Mindray AU=0.2734×IU

TAb： Pearson correlation coefficient r=0.9995

Conversion ：Mindray AU=1.3062×BAU
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WHO Standardization Results of neutralizing antibody and total antibody
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CL-900i (180T/h) CL-1000i /CL-1200i(180T/h) CL-2000i (240T/h) CL-6000i (480T/h)
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