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Exploration of in vitro methods 
for the assay of rabies vaccine 

for human use and rabies 
immunosera

EDQM symposium: Alternative to animal testing
Strasbourg, September 8-9, 2011
Afssaps – DLC site de Lyon – CVV Unit Sylvie MORGEAUX
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Outline

• Human Rabies vaccine
 Regulation and Afssaps’ policy for testing
 Determination of the Glycoprotein content by ELISA/results
 Perspectives in exploration of the potential of the ELISA 

• Rabies immunosera for human use
 Regulation and Afssaps’ policy for testing
 Exploration of the NAbs titration by ELISA/results
 Perspectives in exploration of the potential of the ELISA

• Premises for the exploration of the potential of in vitro
methods

• Conclusion
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International and European Regulations for 
Human Rabies Vaccines
• WHO recommendations TRS 941, 2007
Antigen content on final lot

 In vivo assay: NIH test on final lot

• European Pharmacopoeia Monograph N°216
Antigen content on final bulk

 In vivo assay: NIH test on final lot

Revision to introduce an immunogenicity test and the 
antigen content on the final lot

• OCABR guideline 
Antigen content on final lot

NIH test on final lot : a reduced scheme of testing
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Testing policy for Human Rabies Vaccines

• Determination of the glycoprotein content on 
each final lot

• NIH test on 10% of final batches 

• Sub-contract the NIH to PEI
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Determination of the glycoprotein content in 
vaccines

• At the beginning of the batch release process: the 
SRD test was used

SOP requires a pre-treatment 
Both native and soluble glycoproteins are quantified
Less sensitive than an ELISA assay

 Not a relevant assay : unable to discriminate a high 
immunogenic glycoprotein from a non immunogenic one
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Determination of the glycoprotein content in 
vaccines (con’t)

• End of 90s’: 

Transfer of the ELISA test from Pasteur Institute, 
Laboratory of Lyssavirus

 Improvement and optimisation 

A full validation
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• A quantitative ELISA method based on : 

A sandwich direct ELISA method

Titration versus an internal reference calibrated in 
IU (6th WHO IS)

Use of the same monoclonal antibody for coating 
and detection

Determination of the glycoprotein content in 
vaccines (con’t)
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Determination of the glycoprotein content in 
vaccines (con’t)

• The monoclonal antibody : D1 clone provided by 
Pasteur Institute, Antiviral Strategies Unit
 IgG1 isotype : Neutralises genotype 1 (PV, CVS,PM 

and Flury LEP strains) and genotype 6 (EBL2 strain)

Recognises the conformational trimeric form of the 
glycoprotein only

Against the site III of the glycoprotein: aa 330 to 338

Site III : one of the 2 major immunodominant epitopes, 
inducing neutralising antibodies
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• Since 2001 establishment of production consistency 
on lots using the currently approved NIH assay
on around 900 and 70 batches of Vero and HDC vaccines 

respectively

• All batches were compliant 

• Establishment of an internal specification
Updated on recent final lots : ≥ 2.3 IU/dose

Determination of the glycoprotein content in 
vaccines (con’t)
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Glycoprotein content and Potency assay 
(NIH) for Vero vaccines

IN VITRO  AND IN VIVO  ASSAYS TESTING OF VERORAB VACCINE LOTS
 2001 - 2010
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Glycoprotein content and Potency assay 
(NIH) for HDC vaccines

IN VITRO  AND IN VIVO  ASSAYS TESTING OF HDC VACCINE LOTS
 2001 - 2007 
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Perspectives in exploration of the potential 
of the ELISA assay

Determination of the glycoprotein content by ELISA: 

1) to monitor the consistency of production

2) to check the quality of the vaccine 

 To assess the functionality of the glycoprotein:  
immunogenic and protective ?

 The assay is able to discriminate borderline and sub-potent 
batches 

 Representative lots comply with specifications for both NIH 
test and ELISA assay and the sub-potent lots fail to comply
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Discrimination between potent and 
sub-potent batches

Alteration of the glycoprotein
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International and European Regulations for 
Rabies Immunosera for Human use

• No specific WHO recommendation

• European Pharmacopoeia General Monograph 
N°0084
Potency on final lot: « A biological assay as indicated in the 

monograph and expresses the result in IU/ml, is appropriate. 

A validated in vitro method may also be used »

• French Pharmacopoeia Monograph 
Potency on final lot: the Mice Neutralizing Test (MNT)
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Testing policy for Rabies Immunosera

• Equine rabies immunosera for Human use produced 
by SP

• Highly purified Fab’2 product 

• Testing for WHO : Potency assay by the MNT
Use of the live CVS

BSL3 containment mandatory

Vaccinated staff required

 To implement an in vitro assay
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Exploration of an ELISA method for the 
titration of anti-rabies neutralising 
antibodies in immunosera

• A direct detection of the neutralising antibodies (NAb) using an 
anti-equine Ig was not easy 

• The MAb D1 clone only neutralises the glycoprotein in its more 
immunogenic conformation

To use the characteristic of this MAb for the design of the 
ELISA assay

• To avoid the vaccination of the staff and BSL3 containment

Use of vaccine as antigen for neutralisation
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16Exploration of an ELISA method for the 
titration of anti-rabies neutralising antibodies 
in immunosera (con’t)

• The glycoprotein ELISA assay was re-designed and 
optimised for a competitive ELISA method :

Competition between the NAb to be tested and the MAb

A quantitative assay : titres expressed in IU

Use of human references: 
2nd IS for the control chart

HBRP1 for the quantification

Applicable to sera of different origins

One day duration
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• A full validation of the assay

• Record of data to : 
Establish an internal specification

Establish a production consistency on lots using the 
currently approved MNT assay

Exploration of an ELISA method for the 
titration of anti-rabies neutralising antibodies 
in immunosera (con’t)
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Determination of the NAb content in equine rabies 
immunosera: ELISA and mice neutralising test (MNT)
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Perspectives in exploration of the potential 
of the ELISA competitive assay

Quantification of the NAb content in immunosera: 

to monitor the consistency of production 

 To assess the functionality of the immune response: 
ability of viral neutralisation and protection ?

 The assay is able to discriminate borderline and sub-potent 
batches 

 Representative lots comply with the specifications for both 
MNT test and ELISA assay and the sub-potent lots fail to 
comply
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Perspectives in exploration of the potential 
of the ELISA competitive assay (con’t)

Immunogenicity test on mice: 

Quantification of the NAb by the conventional SNT 

on cells
 Use of the CVS

 Reading of fluorescence under a microscope

 More than three days

 To test if the ELISA competitive assay could be an 
alternative method
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Premises for the exploration of ELISA methods
for the assay of rabies vaccine

• Potency assay by the NIH test :
Based on a protection induced by NAbs only

The synthesis of intracerebral NAbs is weak 

A controversial assay

• Monoclonal antibody D1 clone recognises:
The tri-dimentional conformation of the Glycoprotein

A major immunodominant epitope involved in the
 Induction of NAbs

 Neurovirulence/pathogenicity of the virus

 Recognition of the neuronal receptors
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Premises for the exploration of ELISA methods
for the assay of rabies vaccine (con’t)

• Two functional ELISA assays to measure the
Optimal conformation of the glycoprotein which allows the 

induction NAbs

Capacity of the produced antibodies to neutralise the 
glycoprotein involved in the infectivity of the virus 

• Results on both glycoprotein content and NAbs 
titration

• A correlation NIH/Glycoprotein content
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Conclusion

• What would be valuable in the exploration of in vitro
methods ?

To select the more relevant tools for the implementation of 
the methods 

Rabies vaccine 
To assess if the selected in vitro or in vivo alternative 

assay could correlate with the NIH Test and finally 
replace it

Rabies immunosera 
To assess if the in vitro alternative assay could 

correlate with the MNT Test and finally replace it
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To be valuable 

• Not only on compliant batches of various marketed vaccines

• Need to have a wider range of target values with borderline, 
low potent and high potent batches 

• Need on experimental lots of vaccine with altered 
glycoprotein

Cross-analyses of data from the glycoprotein content by 
ELISA, the immunogenicity with NAb titration by SNT/ 
ELISA, the NIH test

To find the more relevant test(s) to replace the NIH test
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