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Current in vivo Potency Testing

VAC2VAC Collaboration

Sanofi Antigenicity Assays

AGENDA



High variability of  in vivo 
potency testing of DTaP vaccines

Current in vivo potency testing for DTaP vaccines : Are they 
still 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 now questionable versus more 

scientifically relevant in vitro methods 



From in vivo to in vitro for DTaP potency testing (only 
remaining in vivo potency test) 
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CURRENT FUTURE

D: Diphtheria antigen
T: Tetanus antigen
aP: pertussis antigens

Moving to in vitro is the opportunity to move away from market specific testing and 
complex testing profiles
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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

Objective
 Demonstrate proof of concept of novel physicochemical, immunochemical or 

biological in vitro tests for vaccines 
 Facilitate regulatory acceptance 

http://www.vac2vac.eu/


VAC2VAC Outputs : Immunoassays for DTaP vaccines & 
available reagents 
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ELISAMULTIPLEX

Immunoassays Characterization of mAbs Sustainability plan

• Proof of concept for DTaP immunoassays
• A pair of monoclonal antibodies (mAbs) was selected for each antigen
• A model was created for sustainable supply of these critical reagents 

through MHRA (Medicines and Health care products Regulatory Agency)



Remaining activities for manufacturers 

➢ Further development and optimization of assays to specific products, including 

the potential selection of alternative mAbs as analytical tool, that allow for optimal 

assay performance.

➢   Demonstration of suitability further to V2V deliverables, including:

• mAbs 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.

➢ Setting product acceptance criteria

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

development).
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Overall strategy for the development of in vitro assays to 
substitute the in vivo potency assays

Antigenicity

Assays

(ELISA)

In vitro Potency Assays
 Targeting functional & 

conformational epitopes

 Stability indicating 
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mAb selection

Technology screening

Functional 

mAbs

mAbs 

characterization & 

selection

mAbs inventory/

production

MSD, Luminex, 

Gyros, HTRF, Flow 

Cytometry, ELISA

ELISA
Technology 

comparison



Antigenicity ELISA assays_One Assay principle for all 
DTaP combinations

Labeled 
Detection

Monoclonal 
antibody 
(mAb)

Capture 
Monoclonal 
antibody 
(mAb)

ELISAs ID CARD

ELISA format Sandwich ELISA (96well plate)

Readout Colorimetric (HRP)

In-house Reference standard 
(RefStd)

Non-homologous (non 
adsorbed DS)

Unitage Arbitrary Antigenicity Units/mL 
(AU/mL)

Curve-fitting model 4PL

Parallelism stat model Equivalence

Acquisition and analytical 
Software

SoftmaxPro
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Internal

e.g. 
AGGLUTINATION 

FIM FHA

ADHESINS

PRN

PT DT TT

TOXINS e.g. NEUTRALIZATION 
--IN VITRO
- IN VIVO
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Suitability demonstration : Characterization of mAbs & 
Stability indication studies

mAbs

Specificity and 
Affinity

Function
Stability 

Indication

HDX-MS
Epitope 
mapping

BLI, SPR: Epitope 

binning

ELISA

Non-degraded

Degraded

Epitope mapping

40-
6993-101

Conformational 
epitope



Internal
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Method Validation as per ICHQ2 guideline

Test Method Validation Parameter Acceptable limit 

Accuracy
The average recovery of antigenicity for each theoretical expected 

concentration level of mock samples should be between 80-120%

Precision

(Intermediate Precision and 

Repeatability) 

The %CV for repeatability and intermediate precision must be less than or 

equal to 15% (%CV≤15%) for each of mock sample

Specificity Mock sample which lacks antigen of interest must not generate a valid result

Range
The reportable range of the assay will be determined with acceptable accuracy, 

precision for each impacted product.

ICHQ2(R2) :
Acceptance criteria on linearity no more required
Acceptance criteria applicable to confidence intervals for accuracy and precision : ongoing implementation

Inspired from B. Ljutic, WCBP 2025
Pertactin antigen ELISA for Quadracel



Internal

Guidelines for the transition from in vivo to in vitro potency
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Adopted on the recommendation of the Eighty-first meeting of the World Health 
Organization Expert Committee on Biological Standardization, 13–16 October 2025

Chapter 5.2.14 : Substitution of in vivo method(s) by in 
vitro method(s) for the quality control of vaccines -
General Considerations

➢   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 
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



Internal

Bridging with current in vivo testing and acceptance criteria setting

➢   Comparison of antigenicity assay with current in vivo to demonstrate

the alternative method is at least as discriminative (use of purposely

manufactured samples with different concentrations of intact antigen)

➢   This comparison could be used to establish acceptance criteria

➢ In all cases manufacturing consistency is monitored through product

control chart & trend analysis
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In vitro release test acceptance criterion

Manufacturing Control Limits
Routine batch data 

▪  Manufacturer continues 
to supply batches that 
meet the clinically 
relevant specifications 

▪  OOT lots are investigated 
according to GMP system 

▪  Manufacturer has 
flexibility for Life Cycle 
Management

OOT: Out of trend = out of control limits



Current status, challenges and next steps
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• In vitro alternative not yet described in Pharmacopoeias
• Setting clinically relevant acceptance criteria that are not too stringent versus current 

in vivo assays
Challenges

Next steps
• Continue development & validation for all Sanofi products and antigens
• Continue scientific consultations & regulatory submissions
• Continue to contribute to revisions of compendia

Current status

• Pre-submission consultations and submissions engaged in 2020
• Approval granted by FDA & EMA & BRDD (Health Canada), MHRA for some antigens 

and products
• Antigenicity assay for PRN (Pertactin) antigen implemented in routine QC testing for 

some products



Antigenicity ELISA assays_Publications and Communications
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