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Implementation of diphtheria
and tetanus potency assays by 
serology on the same animals for 
routine batch release : OMCL’s 
point of view

EDQM – BUDAPEST /6-7 October 2004

Afssaps batch release activity

•Delivery of Batch release certificates
e.g 1810 certificates in 2003 

• 711 for the European market
• 388 for the Export market
• 711 for UN agencies supply

41 single and combined vaccines concerned

•Expertises for WHO

Vaccines with Diphtheria and Tetanus
components

• T vaccine

• T IPV vaccine

• D T vaccine

• d T vaccine for adults and adolescents

• DT IPV vaccine

• dT IPV vaccine for adults and adolescents

• DTwP vaccine

• DTwP Hib vaccine

• DTwP IPV - Hib vaccine

• DTaP IPV vaccine

• DTaP IPV - Hib vaccine

• DTaP HBV IPV HIB vaccine

⇒ Batch release  for various manufacturers - 341 certificates issued in 2003
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OCABR requirements for Diphteria and
Tetanus testing : Afssaps testing

• In vivo Potency tests performed on the final bulk

• Lethal challenge for adsorbed vaccines performed on mice for Tetanus

component and on guinea pigs for Diphtheria component in accordance with

the Ph Eur assays

• NIH assay (>80% protection) for non adsorbed vaccines performed on 

guinea pigs (T IPV and DT IPV vaccines) 

Number of tests performed for Tetanus (e.g year 2003)

45 challenge tests (mice)

10 NIH potency tests (guinea-pigs)

Number of tests performed for Diphtheria (e.g year 2003)

41  challenge tests (guinea-pigs)

4 NIH potency tests (guinea-pigs)

OMCLs  testing strategy to reduce the
use of animals : Example of Afssaps

• Single dilution assays to replace multiple dilution assays

• Reducing of in vivo testing

• Implementation of alternative methods

Afssaps testing strategy to reduce the
use of animals (contnd)

Single-dilution and in vivo reducing

•Single-dilution assays to replace multiple dilution assays

•According to  the « Manual of Laboratory Methods for testing 
of vaccines used in the WHO expanded Programme on 
Immunization (WHO, ed.), 1997 WHO/VSQ/97.04, Part III, 
pp162-174”: Use and validation of a single vaccine 
dilution assay for testing of Diphtheria, Tetanus and 
Combined Vaccines.

•In vivo reducing for D and T components
•according to the European guideline (Mechanism for 

reducing in vivo testing by OMCLs during batch release 
(PA/PH/OMCL (98) 11) and after approval by the OMCLs 
network
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Afssaps testing strategy to reduce the use of 
animals (contnd)

Single-dilution in vivo assay

«Candidate» vaccine compliant if results significantly
higher than those for reference vaccine

DT wP

DT

T

dT

DTaP IPV

DTwP IPV

In progressdT IPV

Target vaccines
Validation of the replacement 

of a multi dilution assay by a 
single dilution assay by 
analysing criteria assuring the
consistency of historical data

Choice of the dilutions used
for the reference and the
vaccine samples

Impact of the implementation of single 
dilution assays or reduction schemes
(year 2003) at Afssaps

128          3248         16

Reduction of 
animal number 

per assay

3900 mice1500 Guinea-pigs

Total number of  
laboratory 

animals saved

4541
Number of 

batches tested

TetanusDiphtheria

Afssaps testing strategy to reduce the use of 
animals (contnd)

Alternative methods

•Tetanus C-fragment  ELISA as screening test for 
monitoring the consistency of DTwP and DTwP-IPV
vaccines

Validation of the test
In house control limits defined on data analysis
Control chart established for Tetanus toxoid standard (from

NIBSC)
Performed on all batches released
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Collaborative Study BSP034 

•Previous participation in validation of serological
methods (T ELISA and Tobi test) for Tetanus vaccines 
(BSP035) and in titration of BRP for diphtheria and
tetanus toxins (in vivo assays and Vero cell assay)

•Afssaps Participation in Phase III BSP034 : testing of 55 
antisera samples -panel 1

Reference antitoxins from EDQM 
• Guinea pig reference serum with an estimated activity of 

3 UI/ampoule for diphtheria
• Guinea pig reference serum with an estimated activity of 

3.5 UI/ampoule for tetanus
Diphtheria toxin N°953G from Aventis Pasteur

Collaborative Study BSP034 (contnd)

•Diphtheria ELISA assay according to NIBSC SOP’s

•In vitro Vero cell toxin neutralisation assay according to 
a modified NIBSC operating procedure
•Use of M199 medium instead of MEM for culture of Vero cells
•Viable cells revealation with a redox indicator «UPTI BLUE®»

•Tetanus ELISA assay according to NIBSC SOP’s

⇓
Reliability of the three methods

Afssaps results close to the global mean results

Implementation of «double combined»
serology for OMCL routine batch release
PRO and CONS

PROS

•Decrease of animals and time consumption
•Same sera for two components 

• Less animal suffering

•Improvement of variability of ELISA and Vero cells
assays compared to in vivo challenge assays

•Reliability of the D and T ELISA assays and of the Vero
cell assay

•Quantitation of functional antibodies in the Vero cell
assay
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Implementation of «double combined»
serology for OMCL routine batch 
release
PRO and CONS

CONS

•Total duration of the test increased (immunisation + in 
vitro assay)
•At least 8 weeks for the immunogenicity test versus 5 weeks

for the in vivo challenge assay

•Use of guinea pigs
•Supply difficulties
•Handling
•Cost

Implementation of «double combined»
serology for OMCL routine batch release
Validation issues

• Need for Validation of D and T–ELISA assays and Vero
cells assay

• Need for validation of the immunization step
For each type of vaccine= product specific
Ideally single dilution for immunisation otherwise important 
workload

• Need for availability of homologous standards
To monitor consistency

To compare products

• Need for maintaining in parallel the reducing of in vivo
testings for OMCLs

Conclusion :
Points to consider

• To envisage extension of serological potency assay to 
other components in combined vaccines 
•Acellular pertussis immunogenicity test
•Inactivated Polio 

• To maintain the testing proficiency for the gold standard 
in vivo challenge tests

•To be implemented by the manufacturers

• To be studied on an OMCL case by case basis: strategy
not to be in conflict with other strategies aiming at
reducing in vivo testing (e.g single dose)
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Implementation of diphtheria and tetanus potency assays

by serology on the same animals for routine batch release

AvP’s point of view

Dr F. Brunel

Potency assays: tool for vaccine manufacturer

Animals tests play a crucial role for antigen activity determination

- For the stability studies 

- For the batch release

- During the R&D studies performed for the development of new vaccine 

Potency assays: why alternative methods ?

Ethical reason:
Number of animals 
has to be reduced 

following the 3R’s concept: 
replacement, reduction 

and refinement
97.5 % of animals  are used only for 
the quality control testing

Three major reasons to implement alternative methods able to
evaluate vaccine activity

• To reduce the in vivo assay variability

• To reduce the quality control cost

• To optimize animal welfare
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Opportunities: implementation of alternative methods
using new analytical tools

Past/Today Today/In the future
In vivo challenge
potency testing
Multidose assay In vivo 

serology 
analyzed by ELISA,
TobI, Vero cells…

In vivo challenge
potency testing
Single dose assay

In vivo 
serology 
analyzed with 
multiplex method
(e.g. Luminex)

In vitro 
characterization tests
Particular for each antigen

Follow-up of
parameters
of the manufacturing
process

More reliable and validated process

QC tests

Vaccine 
manufacturing 

process

In vivo testings & alternative methods: Objectives of
the assays

In vivo 
potency In vivo 

serology In vitro 
characterization tests

To evaluate 
the protective 

immune response
To evaluate 

the specific humoral
immune response

To evaluate 
the antigenicity
of the antigen

BUT:  Consistency tools
In most cases, not predictive of potency in humans

Potency assays: why D ant T alternative
methods ?

- D and T challenge assays represent  respectively:

   95% of total guinea pig

  16% of total mice
used for QC biological activity testing
 of vaccines

Upon EDQM initiative, D and T alternative methods are going to be
implemented:

- D and T toxoids are present in the majority of vaccine combinations
  administrated to adults and infants
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Expected gains of alternative methods for vaccine
combinations

Very low
variability
High robustness

Low
variability

Low
variability

High
variability
Low
robustness

TEST
PERFORMANCE

multidose
test/Ag

IN VIVO
POTENCY

Cost decreaseCost
decrease

Cost
increase

Cost
decrease

COST

ReplacementRefinement
+
Reduction

Refinement
but no
reduction

Reduction
of animal
number

ETHIC/ANIMAL
WELFARE

Particular for
each Ag

One test/
vaccine

One
test/Antigen

Single-
dose
test/Ag

PROCEDURE

IN VITRO
ANALYTICAL
TESTS

IN VIVO
SEROLOGY

IN VIVO
SEROLOGY

IN VIVO
POTENCY

D and T potency challenge
Single dose testings

- Principle

- Interest and limitations

- Inter-method evaluation: AvP’s experience

dose

Percentage
of  protection

dose

Percentage
of protection

DE50
product

DE50
référence

50% of
protection

Injection of a known
quantity of the

reference vaccine

Injection of a equivalente
quantity of the product with

the hypothesis that the product
titer = lower limit of

specification

% of protection
inducedby the

product
% of protection
induced by the

reference

Statistical comparison

Focus on a significant
difference

MULTIDOSE UNIDOSE

Relative activity

Product Titer Calculation

Principles of the single dose and multidose D and T
potency tests
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D and T single-dose testing: interest and limitations

Interest: Decrease of 75% of the animal number for batch release

Necessary requirements before implementation:
- Demonstration of the consistency of both manufacturing process and
 QC 4-dose potency testing
- Less than 20% of invalidities for no linearity or no parallelism 

between vaccine reference and product for currently 4-dose testing
- Less than 10% of discrepancies between 4-dose and single-dose 
results

Single dose potency testing are not relevant for:
- Change control evaluation
- Check of the consistency of the manufacturing process every 2 years

D and T single-dose testing: AvP’s experience
Inter-method evaluation performed on pediatric or booster

combinations

D and T

POTENCY ASSAYS

100% of coherence for the acellular
Pertussis booster adult combination and
Whole Pertussis vaccines

Correlation studies for new pediatric
combinations have to be done

Correlation between 4-
dose and single-dose
results

Prerequisites: - to generate a large amount of results for the correlation study
         - to have statistical method to analyze the inter-method correlation

D and T serology tests

- Interest of serology tests

- Interest and limitations of ELISA serology tests

- Principle and interest of Multiplex analysis
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Interest of serology tests

IMPROVEMENT OF TEST PERFORMANCES

l  More precise and more sensitive

¸Vero cells assay for D-serology: LOD # 0.02 IU/ml using
NIBSC reference guinea pig antisera

¸Tetanus anti-toxoid ELISA: LOD# 0.09 IU/ml based on
NIBSC 98/572 reference standard; assay precision and
repetability CV < 18%

l More quantitative, generation of values for individual sera that permit
statistical analysis

l Allow to expand system suitability criteria e.g. control vaccine,positive and
negative control sera…

Interest and limitations of ELISA serology
tests

Systematically ethical gain                                                     
Reduction of both animal number and workload only if the 3 
valences (D, T, Pertussis) are simultaneously tested

D, T serologies
on same animals

D challenge
T challenge

3- fold 
reduction 
of the animal
 number

70% of
Worklab time

increase

D challenge
T challenge
Pertussis serology

D, T, Pertussis
serologies
on same animals

3.5- fold 
reduction 
of the animal
 number

20% of worklab
 time  increase

Principle and Interest of Multiplex analysis

 

 

 

D, T, Pertussis
serologies
on same animals- 40% of workload decrease

- Require small sample volume for the multiplex analysis

- Precision and sensitivity equivalent to ELISA

Interest of multiplex analysis by Luminex

BUT: Necessity to determine common tested sample doses and
immunization schedule for the 3 valences
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In vitro characterization tests

-Development of methods able to evaluate antigen conformation

-Correlation with antigenicity tests

-Interest and limitations of in vitro characterization tests

In vitro analysis of the protein conformation and the
correlation with the antigenicity

In vitro characterization methods to evaluate protein conformation

• Fluorescence spectroscopy generates information on the close environment of
the fluorescent amino acids (Tryptophan)

• Differential Scanning Calorimetry (DSC) generates information on the
thermodynamics of protein unfolding

Tentative of correlation of conformational changes with antigenicity
determined by BiaCore or ELISA

Results are promising

In vitro characterization tests: interest and
limitations

• Well-adapted to evaluate the manufacturing process
  consistency

• Very reliable and discriminating tests

Which impact on the product quality could 
have these minor conformational changes?
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Perspectives and conclusion

The inter-method correlations, the vaccine reference choice
and the establishment of new specifications appear to be the major
points to be studied before the alternative methods implementation

Aventis Pasteur supports the implementation of D and T alternative methods

• in implementing single-dose potency assays

• in moving to Vero cells and ELISA for D and T assays

• in developing multiplex assay for D, T, Pertussis valences

• in implementing some characterization tests to evaluate the
  manufacturing consistency of each antigen bulk produced
  before vaccine formulation
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Session II : Perspectives for combined vaccines
control

   Implementation of diphtheria and tetanus potency
assay by serology on the same animals for routine
batch release
GlaxoSmithKline Biologicals point of view

M. Duchêne, O. Vanloocke, I. Ernest and Fl. De Jaegere

Budapest, October 6-7, 2004

Evaluation of the implementation of these
serological assays

l Versus the challenge assay

l Through various perspectives

• Quality assessment of the vaccines tested

• Implementation process for routine use

• Industrial considerations

• Potential future of this application

l Conclusions

Quality Assessment of the Vaccines tested

l The challenge assay

• More than 30 years of experience
• An impressive data base for

u The routine release

u The development of new combined vaccines

u The validation of manufacturing changes
u The establishment of consistency

u The stability profile of vaccines

• A functional test

• Clinal Efficacy of the vaccines passing the test
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Quality Assessment of the Vaccines tested

l The challenge assay (Cont ’d)

       but also

• A large number of animals

• Rigourous management to enable high success rate and to
reduce variability

• Expensive tests (animals, time, facilities)

• Potential bottleneck of the poduction capacity

• Limited information on the vaccine characteristics

l The serological assay

• Very limited experience

• Elisa (D and T)

u Methodology:  classical routine test, no problem

u Relevance

• Not a functional test

• Good correlation with the neutralization data at 6 weeks

• Vero neutralization (D)

u Methodology:  some difficulties during implementation

u Relevance

• A functional test

• Good correlation with the challenge data at 6 weeks but not
at 4 weeks

• TOBI (T):  experience limited to the collaborative study

Quality Assessment of the Vaccines tested

Quality Assessment of the Vaccines tested

l The serological assay (Cont’d)

• ‘First’ conclusions

u Quality characteristics?  No

- More precise information but significant difference in the
response profile (6 w versus 4w) : is it the same
information?

u Routine Release application?  Yes

- Good correlation between protection data and antibody
quantification (6 W)

- When vaccine profile is well established

u Functional or not?  Elisa :  Ok

- Good correlation with the Vero challenge data

- Limited to routine release

- Easier to perform and to harmonize
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Implementation Process for Routine Use

NB:  Serological methods established (EDQM)

l Discrimination capacity

• Selection of appropriate dilutions to be inoculated in the linear
part of the dose-response curves

• Repeatability :  three experiments?

• Each vaccine formulation (Pw, Pa, Hib,…)?

l Validation criteria

• Reference preparation (heterologous?) tested on multiple
occasions

l Consistency limits

• For each specific vaccine, establish consistency profile

Implementation Process for Routine Use (Cont’d)

l Single-dilution assay

• Dose selection based on accumulated experience with each
specific vaccine

l ‘First’ conclusion

• Significant investment from each manufacturer:  animals and
manpower

Industrial Considerations

l Present situation with the challenge assay

• 40 to 60% of the animal house capacity

• Guinea pig (75%) and mice (25%)

• Direct impact on manufacturing performance (capacity, cost,
delivery to customer)

• One-dose assay for routine release :  60% animal reduction and
50% AH increased capacity
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Industrial Consideration (Cont’d)

l Future situation with the serological assay

• Only for routine release:  only 50% of the animals involved in
these D and T testings

• Guinea-pig for D and T:  50% animal reduction but no impact on
AH capacity (gp and time + 2 weeks)

• Impact on manufacturing performance: similar except for
additional costs and time for serology

• Single-dilution assay:  similar to the present situation but after
significant investment

• Maintenance of the challenge assay

Industrial Consideration (Cont’d)

l ‘First ’ Conclusions

• No benefit or marginal benefit

• Additional complexity due to the management of  different
potency assays

Potential Future of this serological assay

l A more powerful analytical tool

• By extrapolation of equivalent testing, it gives more information
than just the pass/fail status of the challenge assay

• A useful tool to fine-tune new vaccine formulations

l A possible extension of the test to other antigens (Pa, IPV, HBV)

• Same animals used to test the other antigens usually present
with D and T components

• Potential interest only if same dilution can be used

l An opportunity to harmonize the D - T potency tests

• From three different assays (US - CBER, Internat. - WHO, EU - EP)
to only one at least for routine release purpose
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Potential Future of this serological assay (Cont ’d)

l An opportunity to stop the repeat testing by the NRA

• A possibil ity to share the same in-vivo test with the National
Release Authority

• No repeat testing by the NRA but rather exchange of available
serums

l An intermediary step towards the development of an in-vitro
assay for the routine release

• No need for a functional test for the routine release of a vaccine

• A demonstration that an in-vitro assay could achieve the same
objective

Conclusions

From a manufacturer’s viewpoint

l No real short to mid-term incentives related to the application
of this new serological assay

• Investment (money, time) needed for the implementation

• Marginal benefit when implemented

• Increased management complexity due to the three different
potency tes ts for release purpose of the same vaccine (EP,
WHO and CBER)

• Negative impact on vaccine delivery to our customer:  longer
release timing, disturbance in the continuity of supply (the right
vaccine lot to the right customer), ….

Conclusions (Cont ’d)

       From a manufacturer’s viewpoint (Cont’d)

l A long term incentive if the implementation of this serological
assay can be associated with

• An extension to the testing of other antigens
• A new analytical tool for vaccine characterization and

development
• An international harmonization of the potency testing for D and

T-containing vaccines

• A potential stop of the repeat testing by the National Release
Authority

• The development of an in-vitro test for release purpose




