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From in vivo to in vitro quality control (QC) testing for vaccines

European Pharmacopoeia 5.2.14 Guidance on the  
Substitution of in vivo method(s) by in vitro 
method(s) for the quality control of vaccines  

Vac2Vac collaboration for ensuring potency through alternative in 
vitro methods for DTaP (Diphtheria, Tetanus, Acellular pertussis) 
vaccines

AGENDA



From in vivo to in 
vitro QC Testing of 

vaccines



Sanofi’s strategy for vaccines : Quality Control with 
scientifically relevant non-animal-based analytical testing

Legacy or redundant safety tests removal eg 
Abnormal toxicity test (ATT) & specific toxicity tests 

In vitro potency development for 
DTaP (Diphtheria, Tetanus & 
acellular pertussis)

Full in vitro Adventitious agents 
testing

New 
Vaccines

Established 
Vaccines

Innovative state of the art in 
vitro/in silico technologies 
applied for clinical batch 
testing (eg High Throughput 
Sequencing) and product 
characterization

Test in animals only for 
preclinical translational 
package

Rabbit Pyrogen test replacement by in 
vitro functional assays (MAT/BET)

In vitro CHO cells clustering assay (residual 
acellular pertussis toxin) In vitro potency for viral and 

polysaccharide vaccines

Specific animal based testing requirements (National/Regional Pharmacopoeias, Importation)

VERO cell assay (residual 
Diphtheria toxin)

Achieved

Ongoing

5

Development of tetanus residual toxicity in 
vitro functional assay (BINACLE)



High variability of  in vivo 
potency testing of DTaP vaccines

Current in vivo potency testing for DTaP vaccines : Are they 
scientifically appropriate?
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➢ These in vivo assays (on guinea pigs or mice) :

➢ are labor intensive, costly, lengthy
➢ remain an ethical concern
➢ have high inherent variability
➢ show poor discriminative power
➢ show high invalidity rate
➢ can lead to false out of specification results

Their use in routine batch release testing is questionable versus more scientifically 

relevant in vitro methods 



5.2.14 Guidance 
on Substitution of 
in vivo method(s) 

by in vitro 
method(s) for the 
quality control of 

vaccines 



Chapter 5.2.14 : what is it ?
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“The consistency approach is a concept which includes the strict application of GMP rules and guidelines, process validation and in process and final product tests and is aimed 

at verifying if a manufacturing process produces final batches which are consistent with one that fulfils all the criteria of Quality, Safety and Efficacy as defined in the 

marketing authorization, ultimately resulting in replacement of routinely used in vivo tests.”

De Mattia et al, Biologicals 39:59-65, 2011 

➢ This guidance (implemented in 2018) :

➢ supports the deployment of the  consistency 
approach for quality control of legacy 
products

➢ aims to facilitate the acceptance at 
international level of the transition to more 
scientific and less animal-centric testing 
approaches

➢ introduces a new concept of substitution : 
where one-to-one comparisons are not feasible 
or scientifically justified
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➢   Tests methods used for QC are intended to monitor production 
consistency 

 → the inherent variability of in vivo assays can make them less 
suitable than appropriately designed in vitro assays for that purpose

➢   In vitro bioassays can mimic specific elements of complex in vivo 
responses :

• The quality attribute of the product will likely be assessed 
differently

• with generally lower variability and higher sensitivity
 → a typical one-to-one assay comparison may not be not 
appropriate for reasons unrelated to the suitability the in vitro method(s) 
used

➢ Assays must be :
• fit for purpose (including stability indicating capacity)
• properly validated-Not necessarily validated through 

collaborative multicentric studies and widely applicable to a range 
of products

Chapter 5.2.14 : General Considerations
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➢Design of the assay needs to reflect antigen content and 
functionality

➢Assay evaluation :
 with samples at different concentrations
 with samples submitted to stress conditions (stability indicating 
potential)

➢Agreement with in vivo assay :
 Not necessarily possible as in vitro assay will have a superior 
discriminative power

Chapter 5.2.14 : Potency Tests



VAC2VAC 
collaboration: 

Ensuring potency 
through alternative 

in vitro methods 
for DTaP
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IMI Vac2Vac Vac2Vac* stands for Vaccine batch to Vaccine batch comparison by consistency testing

Products: 7 Vaccine Franchise  
5 veterinary + 2 human + 1 adjuvant

33 tasks organised in 4 technical 
work packages to replace animal 
assays in Quality Control

5 years project (Mar 2016 – Feb 
2022)

23 European Partners 

16 M€ total budget 

http://www.vac2vac.eu/

Industry, Academia & Regulators working together to substitute animal assays 
for established vaccines

http://www.vac2vac.eu/


VAC2VAC Outputs (1) : Immunoassays for DTaP vaccines 
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VAC2VAC demonstrated proof of 
concept for DTaP immunoassays

• Wide applicability to different vaccines
 
• Excellent precision

• Ability to detect small changes in antigen 
content and quality

• Successful transfer to different labs

ELISA

MULTIPLEX



Characterization of mAbs

VAC2VAC Outputs (2): Available reagents 
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Sustainability plan

A pair of monoclonal antibodies (mAbs) was selected for 
each antigen :
• directed against relevant epitopes on the target antigen
• able to bind native and detoxified antigen
• able to recognise heat-altered antigen
• well characterized

A model was created for sustainable supply of these critical 
reagents through MHRA (Medicines and Health care products 
Regulatory Agency)



VAC2VAC Outputs (3): Open letter 
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« Recently produced batches can be 
considered comparable to the original 
clinical batches »

« The introduction of a new analytical
method neither changes the variability of 
the manufacturing process nor the 
quality of the poduct » 

« If results generated with in vivo 
substitution method show 
decrease/increase over time an End of 
Shelf Life acceptance criterion can be 
defined »

« Robust science and early interaction 
between manufacturers and competent 
authorities are key elements to success » 



Remaining activities for manufacturers 

➢ Further development and optimization of assays to specific products, 

including the potential selection of alternative mAbs as analytical tool, will 

allow for optimal assay performance.

➢   Demonstration of suitability further to V2V deliverables, including:

• mAbs screening and characterization

• Studies demonstrating assays’ capacity to :

  - detect changes in antigen quantity and quality

  - serve as stability indicators (ability to detect product 

degradation)

• Comparison to in vivo assays.

➢   Full method validation.

➢   Publication of additional data (e.g.: pertussis mAbs characterisation and 

assay development).
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