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Thank you for your attention !!

National Institute for Biological Standards and Control
Assuring the quality of biological medicines
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Implementation of the serological method for 
the potency testing of acellular pertussis 

vaccine: Users’ view

Scientific Institute of Public Heath
STRASBOURG, September 8-9 2011

Fabrice RIBAUCOUR

Reasons to implement alternatives methods 
to potency assays

- 3R concept: Replace – Reduce – Refine animal experimentationp p p

- Reduce assay variability by using quantitative methods

- Reduce the costs of quality control

- Reduce workload of routine batch release
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BSP studies for vaccines containing D-T-aP 
components organised by EDQM

- BSP019, BSP035: Tetanus vaccine serology (ToBI, ELISA)

- BSP034: Diphtheria vaccine serology (ELISA, Vero Cell)

- BSP083: Acellular pertussis vaccine serology (ELISA)

=> Possibility of using serology on guinea pig to test D,T and aP 
components in a single test

D, T, aP potency: Current Eur. Ph. methods

2.7.6. Assay of diphtheria vaccine : Guinea Pigs

Lethal
Paralytic

Multidilution Challenge

2.7.8. Assay of tetanus vaccine : Guinea Pigs and MiceLethal
Intradermal

Lethal
Intradermal

One dilution

Multidilution Challenge

Challenge Paralytic
Lethal

Paralytic
One dilution Challenge

ELISA
ToBi

ELISA
ToBi

Multidilution Serology

One dilution Serology

2.7.8. Assay of tetanus vaccine : Guinea Pigs

Intradermal
ELISA

Vero Cells
ELISA

Vero Cells

Multidilution Serology

One dilution Serology

2.7.16. Assay of acellular pertussis vaccine : Mice

ELISAMultidilution Serology

C i i E Ph
2.7.16. Assay of acellular pertussis vaccine : Guinea Pigs

ELISAOne dilution Serology

One dilution Serology

ELISA

ELISA

Multidilution Serology

Coming soon in Eur. Ph.
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D, T, aP potency: Current IPH methods

2.7.6. Assay of diphtheria vaccine : Guinea Pigs

Lethal
Paralytic

Multidilution Challenge

2.7.8. Assay of tetanus vaccine : Guinea Pigs and MiceLethal
Intradermal

Lethal
Intradermal

One dilution

Multidilution Challenge

Challenge Paralytic
Lethal

Paralytic
One dilution Challenge

ELISA
ToBi

ELISA
ToBi

Multidilution Serology

One dilution Serology

2.7.8. Assay of tetanus vaccine : Guinea Pigs

Intradermal
ELISA

Vero Cells
ELISA

Vero Cells

Multidilution Serology

One dilution Serology

2.7.16. Assay of acellular pertussis vaccine : Mice

ELISAMultidilution Serology

2.7.16. Assay of acellular pertussis vaccine : Guinea Pigs
ELISAOne dilution Serology

One dilution Serology

ELISA

ELISA

Multidilution Serology

Implementation & development of alternative methods

In vivo 
Challenge

In vivo 
Serology

In vitro tests

Multi 
dilution 
assays

One 
dilution 
assay

Multiple 
animal 
species

One 
animal 
species

No animal

Simplex 
methods

Multiplex
methods
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Implementation at IPH

Multi 
dilution

One 
dilution

In vivo Challenge 

D & T

dilution 
assays

dilution 
assay

Serology aP

Implementation at IPH

Reduction scheme 

On DT bulk

Since May 1 2011

Multi 
dilution

One 
dilution

In vivo Challenge 

D & T

Since May 1 2011

+

dilution 
assays

dilution 
assay

Serology aP
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Implementation at IPH

Reduction scheme 

On DT bulk

Since May 1 2011 ? ?

Multi 
dilution

One 
dilution

In vivo Challenge 

D & T

Since May 1 2011

+

In vivo 
Serology on 

GP

?
In vitro testing

?

?dilution 
assays

dilution 
assay

Serology aP

?

Advantages of Guinea Pigs serology

- 3R: Reduce animal experimentation

- Animal Welfare (no challenge = no severe distress) 

- Use of single species

- One test / several components tested

- GP provide a lot of serum (storage, exchange sample, traceability)

- If multiplex method developed => less manipulations

- Improve safety of the staff in animal laboratory



6

Disadvantages of Guinea Pigs serology

Related to the use of Guinea Pigs

- Need to increase the capacity of the animal facility

- Increased maintenance during and after testing

- Requires an increase in technical staff

- Ability of suppliers to provide sufficient quantity of GP

Disadvantages of Guinea Pigs serology

Related to the method

- Testing time is increased (35-42 days VS 28-32 days) 

- Flashback: obligation to go through a multidilution assay

- Significant increase in cost during the validation

Related to batch release activity

- Validation in parallel of batch release could result in delay in the release
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Case study : retrospective on 2010

1. Release of DTaP vaccines with current methods

1080

1080 2880 animals used

nb runs Ref. + vacc. nb animals Type

D 12 6 15 GP
T 12 6 15 mice

2. Release of  DTaP vaccines with implemented DT reduction Scheme

3. Release of  DTaP vaccines with implemented serology on D, T, aP components

450

450
720

720

1620 animals used

- 44 %

- 80 %

- 64%

aP 12 6 10 mice

nb runs Ref. + vacc. nb animals Type

D 6 5 15 GP
T 6 5 15 mice

aP 12 6 10 mice

1728

2592

576

864

1728- 2592 animals used

64%

576- 864 animals used

nb runs Ref. + vacc. nb animals

8
12
8

12

6

6

DTaP 12

DTaP 12

Multiple   

X 3 dil.

Single    

Case study : retrospective on 2010

1. Release DTaP vaccines with current methods

55080 €

3240 € Total cost: 61920 €

nb runs Ref. + vacc. nb animals Type

D 12 6 15 GP
T 12 6 15 mice

2. Release DTaP vaccines with implemented DT reduction Scheme

3. Release DTaP vaccines with implemented serology on D, T, aP components

3600 €

Total cost: 27900 €

- 55 %

- 52 % 
(+114%)

+ 5%

22950 €

1350 €
3600 €

aP 12 6 10 mice

nb runs Ref. + vacc. nb animals Type

D 6 5 15 GP
T 6 5 15 mice

aP 12 6 10 mice

88128 €

132345 €

29376 €

44064€

Total cost between
29376 € - 132345 €

 5% 
(+348%)nb runs Ref. + vacc. nb animals

8
12
8

12

6

6

DTaP 12

DTaP 12

Multiple   

X 3 dil.

Single    
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Conclusion

In term of Animals

- Serology on GP decreases by 64% to 80% the use of animals but only in          
the best case.

- However, a multiple dilution assay is needed for the development of the 
method and the subsequent validation of a single dilution assay.
=> Increasing of consumption of animals for a while

In term of money

- Serology on GP is not cheap even in the best case and can become very 
expensive during the validation of the methods and before the p g
implementation of a single dilution assay!
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Development of multiplex 
h l f h l ftechnology for the control of 

multicomponent vaccines bioactivity

EDQM Symposium on Alternatives to Animal Testing, 

Chantal Mourton-Gilles, M. Girard, M. Akhoubzi, P-A Bonnet, L Lempereur, D Sauvaire

Q y p g,
8-9 September, 2011

2

Regulatory Context

Methods for bioactivity control of adsorbed vaccines 

Assay of Tetanus vaccine (Ph.Eur. 2.7.8):
Method A : Challenge test in guinea-pigsg g p g
Method B : Challenge test in mice
Method C : Determination of antibodies in guinea pigs

Assay of Diphtheria vaccine (Ph.Eur.,2.7.6):
Method A : Intradermal challenge test in guinea-pigs
Method B : Lethal challenge test in guinea pigs
Method C : Determination of antibodies in guinea pigs

Assay of Acellular Pertussis vaccine (Ph.Eur.,2.7.16):
Determination of antibodies in mice
Determination of antibodies in guinea pigs (BSP 083)
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To control the activity of different vaccine components 
i lt l

Objective

simultaneously

To reduce animal number and suffering (3R’s rules, 
Russel et Burch.1959)

To focus on one single animal line (guinea pig)

To reduce the volume of serum samples’ and products’To reduce the volume of serum samples  and products

4

Multiplex Technology: Principle 
Laser of 
classification 635 
nm (red/ infra red)

Bead 100 

Laser of 
quantification 
532 nm (green)

Pursuit of 
beads in the 
well

5,6µm

Bead 1

well
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Anti-guinea-pig IgG-
phycoerythrin conjugate

Guinea pig  antibodies  
Ag specific

Multiplex Immunoassay (MIA) : Protocol

Ag coupled to beads

Tetanus 
toxoid (T)

Diphtheria 
toxoid (D)

28

45 60

Pertussis 
toxin (PT)

Filamentous 
haemagglutinin

(FHA)

28

45 60

28

45 60

Antigens were purchased from NIBSC

D: 10 µg Ag protein / 6.25x105 beads

T: 20 µg Ag protein / 6.25x105 beads

FHA : 3µg of Ag protein/ 6.25x105 beads

 PT : 5µg of Ag protein / 6.25x105 beads

2,500 beads of each Ag/well  10,000 beads/well

66

Tested vaccine (FHA, PT, D and T) Reference vaccine

Vaccine 
dilution

Estimated
[D A ]

Estimated
[T A ]

Pertussis
component

BRP batch 
4 2

BRP batch 
2 2

Pertussis
component

Immunization of guinea pigs  

dilution [D Ag ]
IU/ml

[T Ag]
IU/ml

component 
dilution
FHA/PT

4.2
[D Ag]
IU/ml

2.2
[T Ag]
IU/ml

component 
dilution 
FHA/PT

D 1/5 20.00 24.00 D1/5 D1/5

D 1/15 6.66 8.00 D1/15 7.00 D1/15

D 1/30 3.33 4.00 D1/30 3.33 4.00 D1/30

D 1/60 1.66 2.00 D1/60 1.66 2.00

D 1/120 0.83 1.00 D1/120 0.83 1.00

D 1/240 0.41 0.50 D1/240 0.41 0.50

BRP: biological reference product
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Anti-pertussis antibody titer determined by MIA 

Mean of 10 antibody titers 
f i i d i i

Preliminary results
Anti-PT antibody titer determined by MIA
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Anti-FHA antibody titer determined by MIA
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Reference vaccine Bp antigens show

a dose-response
A similar response between
tested and reference vaccine
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29,78 31,20

17,90

1,57 0,00

104,78

31,33

0,78

0,00

20,00

40,00

60,00

80,00

100,00

120,00

,

1/5 1/15 1/30 1/60 1/120 1/240

Vaccine dose

A
nt

ib
od

y 
ti
te

r 
(A

U
/m

l)

Reference vaccine

8

Anti-D and anti-T antibody titers determined 
by MIA 

Mean of 10 antibody titers

Preliminary results

Anti-D antibody titer determined by MIA

1,41
1,40
1,60
1,80
2,00
2,20
2,40
2,60

it
er

 (
IU

/m
l)

Tested vaccine

Reference vaccine

A tib d h

Mean of 10 antibody titers 
of immunized guinea pig sera 0,8

0,89

0,09 0,08

0,39

0,00
0,20
0,40
0,60
0,80
1,00
1,20

3,33 1,66 0,83 0,42
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A
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Anti-T antibody titer determined by MIA 

3,50

4,00

4,50
Tested vaccine

Reference vaccine

Antibody response show
a dose-response for tetanus 
tested and reference vaccine

And for 
diphtheria reference vaccine 

2,62

2,10

0,29
0,03

1,70

0,72 0,65
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0,00
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9Anti-D and anti-T antibody titers determined 
by MIA and ELISA 

ELISA : protocols 

Preliminary results

1 25

1,50

1,75

2,00

(I
U
/m

l)

Comparison of anti-D antibody titer determined by 
ELISA and MIATested vaccine

MIA 
 Tested vaccine

ELISA
Reference vaccine

MIA
Reference vaccine

ELISA

described in Ph.Eur. 2.7.6 
and 2.7.8
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0,42
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 Vaccine 
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3 00

Comparison of anti-T antibody titer  determined 
by MIA and ELISA tested vaccine

MIA

Tested vaccine 

ELISA

D and T  : Same profile with 
the 2 methods

4
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Number of seropositive animals for D and T 

The animals were considered to 
be seropositive if their antibody 
titer was higher than :
D : 0 01 IU/ml (WHO/EPI/GEN/93 12)

7
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Diphtheria : comparison of seropositive animals 
by MIA and ELISA 

Tested vaccine

MIA
Tested vaccine

ELISA
Reference

vaccine MIA
Reference

vaccine ELISA

D : 0.01 IU/ml (WHO/EPI/GEN/93.12)

T : 0.04 IU/ml (Pharmaeuropa Bio2001-2)

Diphtheria : Tested vaccine : 
Similar results between MIA and

10

8
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8
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8
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s

Tetanos : comparison of seropositive animals by 
MIA and ELISA
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f
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Similar results between MIA and 
ELISA
Tetanus : The number of 
seropositive animals are in the 
same range for both vaccines with 
the two methods
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Determination of tetanus vaccine potency 
using Combistats software 

IU/Vial Lower limit Estimate Upper limit

MIA potency 28.31 45.24 70.98

ELISA potency 30.29 48.13 75.87

Lethal Challenge 
method on mice 
potency 

35.72 43.09 51.97

The MIA and ELISA potency are quite similar
Furthermore, they are in the same range that the one obtained
with the challenge method on mice T=43.09, (combination of 3
independant assays 49.60; 34.84; 46.05 IU/vial)

12

Conclusion
 Multiplex method is a useful method to analyse the vaccines’ bioactivity

 For all the antigens tested these preliminary results show a  vaccine dose-
response. More assays are necessary to confirm these results

 The anti-D and anti-T Ab MIA titers are in the same range of those obtained by The anti D and anti T Ab MIA titers are in the same range of those obtained by
the ELISA method, the number of seropositive animals are similar

 The tetanus vaccine potency is similar to that obtained by challenge method

 This MIA will be a good method to reduce animal suffering and number : only one
batch of animals to control the bioactivity of at least 3 vaccine components

 It needs less volume of serum samples and products than ELISA
 It is less time consuming than ELISA

 What is needed ? To find the vaccine doses that fit the bioactivity range of
all components

In progress
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Thank you for attention
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Alternative In vitro Methods for 
Detection of Pertussis Toxin in 
Alternative In vitro Methods for 
Detection of Pertussis Toxin in 

acellular Pertussis Vaccinesacellular Pertussis Vaccines

Symposium on Alternatives to Animal Testing
Strasbourg, 8-9 September 2011

Symposium on Alternatives to Animal Testing
Strasbourg, 8-9 September 2011

1

Angèle Costanzo

European Directorate for the Quality of Medicines & HealthCare
Council of Europe

Angèle Costanzo

European Directorate for the Quality of Medicines & HealthCare
Council of Europe

BackgroundBackground

 Ph. Eur. monographs for aP-containing vaccines require to  
ensure absence of residual pertussis toxin and/or reversion to  
toxicitytoxicity

 Current method: Mouse Histamine Sensitization Test (HIST)
 High variability between labs and assays necessitates large 

number of repeat assays
 Ethical concerns: large number of animals required, high distress 

(read-out: death at 24h)

A i l f t t CHO l t i

2

 Animal-free test: CHO-clustering assay
 Only at purified pre-adsorbed stage, cannot be used for batch 

release

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.



9/16/2011

2

 Collaborative study organised by EDQM in 2008 (BSP076)
 Calibration of BRP in IU: improve comparability (tests, labs)
 Proposal to Group of Experts 15 for improvement of

BackgroundBackground

 Proposal to Group of Experts 15 for improvement of 
standardisation of current test

 Revision of monograph ongoing (published in Pharmeuropa
in June 2011)

 Includes also a mention of temperature-based end-point

 New settings may help to reduce repeat testing

 Nevertheless alternative in vitro method (s) need to be 
developed

3

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.

 In EU and Canada a number of laboratories started to look 
for alternative in vitro methods

BackgroundBackground

for alternative in vitro methods

 But no comparison was possible between labs
Different methods
No common reference or test samples
Use of mass units (no relation to activity)

 It was decided to organise a workshop with all groups g p g p
working in the field

4

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.
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Workshop on Alternatives to HIST - PurposeWorkshop on Alternatives to HIST - Purpose

 The workshop was co-organised by EDQM & NVI/PEI with 
the support of NC3Rs (UK) in June 2011

 Aims
 Bring together groups working on in vitro alternatives to 

replace the HIST
 Review experiences with alternative methods available & in 

development
 Define criteria for regulatory acceptance of alternatives 

methods

5

methods

 Ultimate goal: select the best method for further validation

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.

 Several in vitro methods at different stages of development 
or validation were presented

Workshop on Alternatives to HIST - MethodsWorkshop on Alternatives to HIST - Methods

 Cell-based assays
Functional assays
2 labs but different read-outs

- increase of intracellular cAMP
- decrease of ATP concentration

 Variability & sensitivity still need to be improved Variability & sensitivity still need to be improved
 Desorption might be needed: adjuvants toxic to the cells

6

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.
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 Cell-free systems: specific for one type of PT activity 
(binding or enzymatic)

Enzyme-coupled HPLC: 
- good reproducibility but high background (substrate size)

Workshop on Alternatives to HIST - MethodsWorkshop on Alternatives to HIST - Methods

- good reproducibility but high background (substrate size)
 Improvement of background interference needed
 Laborious, specialised equipment & non-commercial reagents

Fetuin (glycan)-ELISA: 
- high sensitivity 
- easy standardisation

 Dependent on Ab specificity (different detoxification may generate  
diff t it )different epitopes)

 Desorption may be needed for end-products

 Genomics approach: application of genomics techniques for
definition of molecular markers for PT cellular effects

7

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.

 To allow comparability between methods
All future work should be performed with PT calibrated 

Workshop on Alternatives to HIST - OutcomeWorkshop on Alternatives to HIST - Outcome

p
in IU (and existing data will be converted)

Work on Common Samples (vaccines) & references, 
spiked with PT as failing lot not easy to procure

 Important to work on samples from different 
manufacturers (adjuvants, detoxification methods); 2 
manufacturers already agreed to provide samplesmanufacturers already agreed to provide samples 

8

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.
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Workshop on Alternatives to HIST - OutcomeWorkshop on Alternatives to HIST - Outcome

 It was decided to set up a Working Group
 Procurement and coordination of sample management
 Exchange of information & know-howg
 Any lab willing to develop or validate alternative method (s) is 

welcome to participate
 Chairs: J.M. Chapsal (Sanofi-Pasteur) & R. Isbrucker (Health 

Canada)

 The Working Group has started working; 1st meeting in July 
by TC 

9

 Outcome of the workshop presented at the 8th World
Congress on Alternatives to Animal Use in Life Sciences in 
Montreal (August 21st, 2011)

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.

Thank you for your attention!

10

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.
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Co-Chairs: Jean-Michel Chapsal, Sanofi Pasteur
Richard Isbrucker Health Canada

M bMembers:
J. Arciniega, FDA/CBER
C. Bache, PEI
J. Descamps, GSK
M. Hoonaker, NVI
S. Nelson, Sanofi Canada
CT Yuen, NIBSC
representative of SSI to be nominated

A. Costanzo 8-9/09/11 © 2011 EDQM, Council of Europe. All rights reserved.
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A. Costanzo, EDQM

Additional slideAdditional slide
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