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❑Overview

▪ Summary of 2018 working group discussion on Rabies

▪ 3R concept for Rabies vaccine

▪ Development of ELISA method (G-Protein)

▪ Conclusion

▪ 3R concepts for other vaccines- Zydus Approach
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Optimization of vaccines’ manufacturing, containers 
and testing for global supply, DCVMN Regional 

Training Workshop, Hyderabad, 07-10 May 2018

❑Working group Discussion summary

DCVMN Regional workshop: Chemistry & Manufacturing Controls,10-13 June 2019, Hyderabad, India



❑Rabies NIH Potency assay
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Day 0 Day 7

Primary Dose

Day 14

Booster Dose
Intracerebral

Challenge

Day 19 Day 28

Counting and 
euthanasia of 

rabid mice

• Worldwide used release test, specification≥2.5 IU per single human dose 
• Ph.Eur. 0216, WHO TRS 941

Sample Dilution

1/25 1/625

1/125 1/3125



o Time consuming 28 days to complete the test

o Very high variability : 25-400%

o Hazardous- Safety issues- Need for BSL3 containment due to the

use of live rabies virus

o Purity of the animal strain/breed

o Animal usage – Approx. 150 animals per test

o Availability of CVS (challenge virus strain)

o Regulators: in most of the Regulatory Guidelines, NIH is

mandatory for final lot release

❑ Issues and challenges with the in vivo challenge (NIH) test
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❑Global Scenario on alternate strategy to NIH

❑ The in-vitro ELISA, as an alternative to the NIH test, is :

✓ in accordance with the Ph. Eur. 3Rs strategy: replacement

✓ already used by some manufacturers for blending and monitoring of the

consistency of production

❑ EPAA (European partnership for alternative approaches in animal testing)

has already started a study with industrial collaborative partners to

replace Human Rabies potency test (Project Code BSP148) which is been

very well supported by all vaccine manufacturers and WHO for

Harmonization and make it a release test
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❑ Alternatives to Animal Experiments

W. M. S. Russell and R. L. Burch in 1959
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In-vivo
In-vivo/

In-vitro
In-vitro

• In-Direct ELISA
• Neutralization Assay
• PRNT

• SRID (Influenza)
• ELISA- In-vitro Potency 

assay to check antigen 
using specific 
monoclonal antibody

• In-vivo: Early 1900s Lethal 
Challenge in Animal models 
(Animal challenge study)

• High cost, time , labour, 
resources yet high 
variability. 

❑ Immunogenicity Assay/Potency Assays
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❑ Zydus being one of the vaccine manufacturers of human rabies

vaccine has developed an in-vitro potency assay based on G-

Protein
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❑ Development of in-vitro potency assay 



Title Author Year

Use of a monoclonal antibody for quantitation of rabies vaccine 
glycoprotein by enzyme immunoassay. 

Lafon M, et al., J Biol Stand. 1985 
Oct;13(4):295-301.

Standardization of an enzyme immunoassay for the in vitro potency 
assay of inactivated tissue culture rabies vaccines: determination of 
the rabies virus glycoprotein with polyclonal antisera. 

Thraenhart O,  et
al.,  

J Biol Stand. 1989 
Oct;17(4):291-309.

In vitro rabies vaccine potency appraisal by ELISA: advantages of the 
immunocapture method with a neutralizing anti-glycoprotein 
monoclonal antibody. 

Perrin P, et al.,  Biologicals. 1990 
Oct;18(4):321-30.

A relevant in vitro ELISA test in alternative to the in vivo NIH test for 
human rabies vaccine batch release. 

Gibert R, et al., Vaccine. 2013 Dec 
5;31(50):6022-9.

G-protein based ELISA as a potency test for rabies vaccines. Chabaud-Riou M, 
et al., 

Biologicals. 2017 
Mar;46:124-129.

Replacement of in vivo human rabies vaccine potency testing by in 
vitro glycoprotein quantification using ELISA - Results of an 
international collaborative study. 

Morgeaux S, et al., Vaccine. 2017 Feb 
7;35(6):966-971. 

Development of a relative potency test using ELISA for human rabies 
vaccines. 

Wang Z,  et al., Biologicals. 2018 
Sep;55:59-62.

Potency test to discriminate between differentially over-inactivated 
rabies vaccines: Agreement between the NIH assay and a G-protein 
based ELISA. 

Toinon A,  et al., Biologicals. 2019 
May 17.

❑Publications (1985-2019)
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❑G-Protein ELISA
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…. Cont.

Riou et al., 2017



❑G Protein

Fields virology/editors-in-chief, David M. Knipe, Peter 
M. Howley. – 6th ed. 

• G Protein, which is a trimer of approximately 67kDa, is the major antigen responsible 
for inducing production of VNAs and for conferring immunity against lethal infection 
with rabies virus
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Nagarajan et al., 2014



❑In-vitro Potency assay

• Serum Antibody Assay

G-Protein ELISA (In-direct ELSIA or c-ELISA)

• Antigen ELISA

➢ Sandwich ELISA 

✓ Polyclonal Sera

✓ Monoclonal ELISA

✓ Polyclonal and Monoclonal ELISA
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Challenge can 
be avoided

In-vitro 
Potency assay



❑In-vitro Assay Platform

Sandwich ELISA

Critical Reagent: 

1. Capture antibody

2. Detection antibody

3. Reference standard
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1.M777-16-3 (IgG1) binds to Site III

2.62-71-3 (IgG2b) binds to Site II

❑Identification of monoclonal antibody
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❑ Technical Information of the Monoclonal antibody
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❑ Technical Information of the Monoclonal antibody
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❑Development of G-Protein SW-ELISA method 
for Rabies vaccine testing

➢In-house highly characterized mAbs binding to the G protein of Rabies antigen 

1.M777-16-3 (IgG1) binds to Site III (Capture Antibody)

2.62-71-3 (IgG2b) binds to Site II (Detection Antibody)
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❑Sandwich ELISA Procedure

DCVMN Regional workshop: Chemistry & Manufacturing Controls,10-13 June 2019, Hyderabad, India

Step 1: Coating of Rabies capture antibody (Site III)
Incubate the ELISA plate at 2-8°C for overnight

Step 2: 200µL of blocking solution to each well of the ELISA 
plate and incubate for 1 hrs ± 5 min at 37 ºC± 2° C

Step 3: Add standard and sample in different 
dilutions 

Step 4: Add Detection antibody (Site II)

Step 5: Add anti antibody HRP conjugated

Step 6: Substrate , stop reaction and read plate  
at 450nm

Day 1

Day 2



❑ ELISA Data analysis 
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…. Continued 
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…. Continued 
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❑ 18 Batch Data of NIH Potency Vs SW-ELISA
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Rabies Vaccine Testing

Current 

Method

Method

No of 

Animals 

used per 

Batch

Cost per 

animal 

(Approx. on 

the lower 

side) in Rs.

Husbandry 

cost for 28 

Days per 

animal in 

RS.

Total cost 

for a 28 

day batch 

release 

study in 

Rs.

No of 

Rabies 

batches 

taken in 

2017-18

Total 

Animal 

Cost for 

releasing 

the 

batches in 

Rs.

Remarks

NIH 

Animal 

Potency

136 200 300 68,000 60 40,80,000

Handling of 

challenge 

virus, 

Facility to 

do 

challenge 

study

❑ Cost of Animal Potency
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Alternate 

Method

Method Time for Test

Cost of the 

Assay per plate 

(Approx. for 

testing 5 

batches) in Rs.

No of Rabies 

batches 

taken in 

2017-18

Total Cost 

for testing 60 

batches in 

Rs.

In-house 

Developed 

Sandwich ELISA 

(EDQM 

harmonizing to 

approve)

1 Day 300 60 18,000

❑ Cost of Sandwich ELISA
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❑ Zydus approach to Development of in-vitro potency assay 
G-Protein ELISA method for Rabies vaccine testing
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➢ In-house highly characterized mAbs binding to the G protein of Rabies antigen 

1. M777-16-3 (IgG1) binds to Site III

2. 62-71-3 (IgG2b) binds to Site II

➢ Developed sandwich ELISA and made the standard curve

➢ Assay range is from 1.25IU/mL to 0.01IU/mL

➢ Screened 18 batches of Rabies vaccine by ELISA method

➢ Correlation between NIH and ELISA was studies

➢ More validation under QC is under progress
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❑G-Protein ELISA
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…. Cont.

Toinon et al., 2019



❑ Checklist for Replacing the in-vivo NIH with in-vitro assay

Scenario Yes/No

Are all manufacturers interested in moving from in-vivo NIH 

potency to in-vitro (ELISA) method

Yes 

Are the critical reagent available to implement the assay Yes

Method validation/correlation for the assay performed Yes

Are enough lots tested or Is it possible to get more 

manufactures share the final lot for validating the Assay

Yes

Can a harmonized training provided to all manufacturers Yes

(DCVMN/NIBSC)
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• Zydus Cadila as one of the leading vaccine

manufacturers of Human Rabies vaccine is interested

to collaborate and validate the assay platform

through DCVMN network program

• It is time for considering this method as an alternate

method for batch releasing and to replace the NIH

potency

❑Conclusion
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❑Sandwich ELISA for HAV (IVRP)
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❑Sandwich ELISA for HAV (IVRP)
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❑Sandwich ELISA for HPV (IVRP)
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Sandwich ELISA
(In-vitro)

Recognizes 
only VLPs

Recognizes 
only VLPs

❑Sandwich ELISA for HPV (IVRP)
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X Huaung et al., 2017, npj Vaccines

❑Sandwich ELISA for HEV (IVRP)
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Antigenicity analysis using 8C11 (or 1B7) as
capture Ab and detection Ab in a sandwich
format for multiple lots of final aqueous
product of Hecolin®. Highly consistent EC50
values for multiple p239 final aqueous product
lots were listed .

M. Wei et al. / Vaccine 32 (2014) 2859–2865 

❑Sandwich ELISA for HEV (IVRP)
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Thank You


