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OBJECTIVES OF VACCINE
MANUFACTURERS

Develop Safe, Efficacious, Constant quality and Cost-
effective products

Comply with Regulatory requirements:

•Environment

•GMP/USDA

•GLP
•Registration

INSTRUMENTS TO MONITOR
VACCINE QUALITY

Quality systems

GLP: •Set-up of
experiments•Documentatio
n•Facilities

Research
phase

GMP: •Documentation
materials•Documentation batches

•Consistency
•QC tests

•Facilities

Production
phase

INSTRUMENTS TO MONITOR
VACCINE QUALITY

In-vitro and in-vivo tests

During R&D: Safety / efficacy / quality in target
animals,
including field trialsDirectives / guidelines / Ph.Eur.

Production: QC raw materials

In-process
controls:

•Antigenic mass

•Purity / sterility

•Inactivation
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INSTRUMENTS TO MONITOR
VACCINE QUALITY

In-vitro and in-vivo tests

Final product: •Sterility

•Safety

•Potency

WHY 3Rs IN INDUSTRY

1. Intervet is part of the
society:•>5000 staff (families) in 53

countries

•>800 young educated scientistsStrong ethical drive for 3Rs

2. Animal testing is time-consuming and
expensive•In-vitro potency: 2 days

•In-vivo potency: 2-6 weeks
•Containment facilities
•SPF flocks

3Rs IN THE COMPANY

During R&D

•Animal Experimental Committee (AEC)
Mixed membership
Evaluate all animal experiments
3R principle is guideline
Sometimes requests authorities are
denied

•Project Team + Regulatory Affairs

Decide which studies have to be done
Regulations plus interpretation
Specific requests certain countries
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3Rs IN THE COMPANY

During R&D

•Set-up of Batch Release Tests:

USA:     Preferably in-vitro tests

               Safety tests not always in target animals

Europe: Mostly in-vivo tests

               Evaluate in-vitro possibility

               Target animal safety

Modify existing tests

EXAMPLES
IMPLEMENTATION 3Rs

Reduction

•Increasing batch
size:

Investment
equipmentRisk increase
Increased stock
Decreased animal use: >30%
Limits reached

•Combination of
studies:

One dose/overdose/repeated
doseDOI plus efficacy
Safety & extraneous agents
Sequential challenge

•Elimination of
studies:

Batch safety tests after proven
record

EXAMPLES

Refinement

Determination of protective
markers:No challenge DOI or field

Batch release on serology instead of
challenge:• Fowl cholera
• Leptospirosis
• Erysypela’s
• ND

Batch potency test in non-target species
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EXAMPLES

Replacement

• Extraneous agents viral vaccines

• AE serology to egg-titration

• In vitro potency tests

INTERACTIONS WITH
REGULATORY AUTHORITIES

  Negative for 3Rs

•Interpretation of Regulations:�Batch tests
�Ph.Eur. Efficacy
studies�R&D studies in general

Not
one
EU

•If you have to do it for one country nothing is gained

•Requirements for small
variations: �Stability data required: potency

tests�ACF discouraged

•Increased role statistics
safety/efficacy: �Increasing number of animals

INTERACTIONS WITH
REGULATORY AUTHORITIES

  Negative for 3Rs

•OMCL systems: repetition tests
•Stability guidelines Biotech products
•Difficulty approval in-vitro tests
•Not approved sequential
challenges•Minor species not acknowledged
•Increasing demands validation potency
tests•Increased differentiation sub-species

•Increased demands data for
compatibility
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INTERACTIONS WITH
REGULATORY AUTHORITIES

  Negative for 3Rs

End result: •Increased no animal experiments

•Increased costs / product

•Increased time to market

•Increased quality ?

INTERACTIONS WITH
REGULATORY AUTHORITIES

  Positive for 3Rs

•Collaboration on development of improved potency tests:
�Ery

� Lepto

� ND

•Support for relieving requirements batch safety
tests     (for some countries)

•Support for replacing in-vivo extraneous agents tests

WHAT DOES INDUSTRY NEED
FOR FURTHER

IMPLEMENTATION 3Rs

1. Realistic, harmonized approach regarding need
for animal testing in Europe: stability, variations,
etc…..

2. Guidance from CVMP on requirements for in-vitro
potency tests

3. Interaction (discussion) between Regulators and
Industry

4. Accept QA/QC system for batch release
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Experience in Validation of
Alternative Methods: Case Studies
(Tetanus and Diphtheria Vaccines)

Dr. Marie-Emmanuelle BEHR-GROSS
Division IV

European Directorate for the Quality of Medicines
(EDQM)

Council of Europe
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Implication of Ph. Eur. in animal welfare
  Policy for application of 3R in monographs

ACTION PLAN
1) Phasing out superfluous animal testing

2) Replacing in-vivo by in-vitro tests
3) Reducing animal numbers by modifying design

 4) Refining animal tests

REGULATORY FRAME
 EC Council Directive 86/609/EEC

European Convention for Protection of  Vertebrate
Animals for Experimental and Other Scientific Purposes
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Ph. Eur. 4th Ed.
 95 monographs/general methods use small lab animals

75/95 monographs/general methods related to
immunobiologicals

General
methods related

to vaccines

Human vaccines Veterinary
vaccines

Immunosera,
antitoxins,

immunoglobulin

others

2.7.6
2.7.7
2.7.8

2.7.14
2.7.15
2.7.16
2.7.20
5.2.3

0154
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1932
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2065
2066

0064
0065
0249
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0361
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0441
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0745

0793
0794
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1101
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0085
0086
0087
0088
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0342
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2.6.8
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0032
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Animal welfare aspects for immunobiologicals crucial

  Ph. Eur. Commission supported  by
Biological Standardisation Programme (BSP)

 (EDQM, Division IV)
 Sponsors: Council of Europe, EU Commission

Projects: 62 projects (> 1992) standardisation of biologicals
establishment reference standards & methods

9/62 projects: alternatives for toxoid vaccines potency testing

WHY ?
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Potency assay toxoid vaccines: Challenge test

Large numbers of animals & suffering, severe distress and/or
death of unprotected animals

For product development and QA after changes in
manufacturing process (Golden standard)

 Compliant to current regulations?
Refinement  possible?

Batch potency testing in GMP environment?
Ethically justified if alternatives?

General move away  from these tests for batch potency control
started; acceptance of alternatives by regulators and
implementation by users depends on several factors



3

ME. Behr-Gross, Strasbourg, 7-8/11/2002 7

Acceptance of the alternative methods by regulators

-> Demonstration that  alternative(s) equivalent to
original in-vivo assay for intended purpose

Critical step -> to be addressed through
“validation studies”

Experience gained in Biological Standardisation
Programme

-> key features in the performance of successful
validation studies
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Validation of serological methods for batch potency testing of T/D vaccines
BSP019-BSP035 BSP034

2.7.8 Assay of tetanus vaccine
adsorbed

2.7.6 Assay of diphtheria vaccine
adsorbed

Quantitive direct challenge in mice
and guinea pigs (lethal or paralytic)

Intradermal or lethal challenge in
guinea pigs

Project leaders
C. Hendriksen – D. Sesardic – R. Winsnes

Statisticians
A. Daas- A. Akkermans-P. Rigsby

Project monitors
M-E Behr-Gross - M Berg-Candolfi - G. Rautmann – J-M Spieser

Participants
Vaccine manufacturers and official medicines control laboratories involved in

vaccines production and testing (Europe – Americas – India – Australia)

Completed Ongoing
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BSP019-BSP035: Validation serological methods for
batch potency testing of tetanus vaccines (human use)

Validated in-vitro methods
approved by National

Control Authority

Indirect challenge

Determination of antitoxins
levels in individual animals

Quantitative direct challenge in mice and guinea pigs
(lethal or paralytic)

Monograph 0452

2.7.8. Assay of tetanus
vaccine adsorbed

WHO requirementsPh. Eur. 3rd Ed.
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BSP019-BSP035

Publication: Pharmeuropa Bio 2000-2, 2001-2, Symposium: 6/02
Consequences: Revision proposal 2.7.8 Assay of tetanus vaccine
adsorbed, (Pharmeuropa 14. 3)

Methods A & B: challenge test in guinea pigs and mice:
for development, major change in manufacturing process,
validation & monitoring of Method C

Method C: determination antibodies in guinea pigs for batch
potency testing

Design of tests: Multiple dilution -> single-dilution
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Method C: 2Rs in 3 steps

1) Immunisation with reference vaccine (shown effective in
clinical studies or representative thereof) and  test vaccine

Test consistency to be demonstrated

2) Immunisation with test vaccine: multiple dilution assay;
reference serum from GPs immunised with reference vaccine

Sufficient data multiple dilution assay available

3) Immunisation with test vaccine: single dilution assay

--> Refinement & Reduction
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Successful validation of alternative methods based on
BSP projects

•1. Involvement scientists (PL/SA), pilot labs, 
statisticians

2. Evaluation potential alternative method(s):
costs, time, performance, availability reagents

3. Evaluation data on target biological by alternative(s)

•4. Pre-selection of methods/model

5. Elaboration study plan (sequential phases)

6. Identification participants

7. Selection samples: marketed + borderline quality 
product(s)
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8. Sourcing non commercial reagents & test samples
9. Preliminary assays using SOPs of pilot labs
10. Determination parameters influencing results for level of

needed standardisation
11. Careful drafting protocols & documents
12. Provision  data  reporting sheets
13.  Independent centralised statistical evaluation (each step)
14. Retrospective statistical evaluation if needed
15. Critical analysis of outcome (each step)
16. Additional experiments if needed
17. Adaptation study plan based on completed steps

Successful validation of alternative methods
based on  BSP projects
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• 1. Involvement scientists, pilot labs,
statisticians (BSP019)

• Project leaders: Dr. R. Winsnes,

Dr. C. Hendriksen

• Pilot labs: RIVM, NMA,  NIBSC

• Statisticians: A. Daas, A. Akkermans

ME. Behr-Gross, Strasbourg, 7-8/11/2002 15

2.  Evaluation potential alternative method(s):
costs, time, performance, availability reagents (BSP019)

• Candidate methods based on

• Limes flocculationis (Lf), ELISA, Haemagglutination (HA), ToBI
tests, RIA, double antigen time resolved fluorescence
immunoassay (DELFIA), etc…

• Methods validated for potency testing

• ELISA (Layton, 1980; Simonson et al, 1986, Gupta and Siber,
1994, Hendriksen et al, 1994, Aggerbeck et al, 1996, ..)

• ToBI (Hendriksen et al, 1991, 1994)

• HA (Pitzura et al, 1983)
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3. Evaluation data on target biological by
alternative(s)
4. Pre-selection of methods/model (BSP019)

Methods considered as valuable alternative to challenge

HA excluded (Hendriksen et al, 1994)

Serological methods based on tetanus ToBI and ELISA

Laboratory animal model  for serology:

Guinea pig: similar response to fragment B of diphtheria
toxin as man (Sesardic et al 1994), amounts of sera
adequate to testing of different components on same
animals
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5. Elaboration study plan (sequential phases)

Steps Aims
Prevalidation
(2 labs)

Determine optimal interval between immunisation and bleeding
Optimise protocols

Phase I
(3 labs)

Optimise vaccine doses
Assess correlations between

• P otencies in the challenge and serological test (TN,
direct challenge, ELISA, ToBI)

• A ntitoxin titre and protection in the individual animal
• I ntra and interlaboratory variation of ELISA and ToBI

Phase II
(5 labs)

Assess correlations between direct challenge-ELISA-ToBI
using monovalent and combination vaccines of therapeutical
grade + one border-line product

(

Phase III
(25 labs)

Assess intra and interlaboratory variation in estimation of
antitoxin levels by ELISA and ToBI using a large panel of
guinea pig antisera

B
(
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6. Identification of participants (BSP019)

• K.H. Enssle, Chiron Behring GmbH & Co,
Marburg, D

• C. Hendriksen, RIVM, Bilthoven, NL

• A. Sabouraud, L. Peyron, Pasteur Mérieux
Connaught, Marcy l'Etoile, F

• T. Sesardic, NIBSC, Potters Bar, UK

• E. Vallet, Pasteur Mérieux Connaught, Le val de
Reuil, F

• R. Winsnes, Norwegian Control Authority, N
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7. Selection samples: marketed + border line (BSP019)

 Table 1. Specifications of tetanus toxoid vaccines used in the collaborative study
 Vaccine  Tested in

Phase
 Composition  Adjuvant  Lf content*

 Reference
ERTA

 I, IIa & IIb  T  Al(OH)3  54 Lf/ampoule

 TET C  I, IIa  DTP Hib  AlPO4  ca.10 Lf/ml

 TET D  I, IIa  DT  AlPO4  ca.10 Lf/ml
 TET E  I, IIa  DT  AlPO4  ca.15 Lf/ml
 TET F  I, IIa & IIb  DTP  AlPO4  ca.15 Lf/ml

 TET H  I, IIa  DTP  Al(OH)3  ca. 5 Lf/ml

 TET I  IIb  T  Al(OH)3  ca. 10 Lf/ml
 TET K  IIb  DTaP  Al(OH)3  ca. 10 Lf/ml

 D = Diphtheria, T =  Tetanus, P = Pertussis, Hib = Haemophilus influenzae type b,
aP  =   Acellular pertussis.
*Data established in a preliminary study at one of the co-ordinating laboratories

borderline
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8. Sourcing non commercial reagents & test samples
9. Preliminary assays using SOPs of pilot labs
10. Determination parameters influencing results for level of
needed standardisation (BSP019-BSP035)

 Table 6. Materials provided by the organising laboratories

 Test system  Materials  Supplier

 ELISA ELISA plate

GPTA-6

Rabbit-anti-guinea pig HRP conjugate
 Tetanus toxoid, lot MWC S208/A/F-6

 Maxisorp, Cat.no. 442404 (from
RIVM)
 EDQM (produced by RIVM)
 Sigma A5545
 NIBSC

 ToBI test  PolyStyrene roundbottom microtitre  plate
 ELISA plate, flat bottom

GPTA-6
Tetanus toxin, lot T417, 300 Lf/ml
Equine-anti-tetanus IgG, lot GTL34
Equine-anti-tetanus IgG (HATPO), lot 32-
33, peroxidase conjugated

 Greiner 650101 (from RIVM)
 
 Greiner 655092 (from RIVM)
 
 EDQM (produced by RIVM)
 RIVM
 RIVM
 RIVM
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11. Careful drafting protocols & documents

OF EUROPE
COUNCIL CONSEIL

DE L’EUROPE

★★
★

★

★
★ ★ ★

★

★

★
★

EUROPEAN PHARMACOPOEIA COMMISSION

JAT PA/PH/BIO (97) 13, R

COMMITTEE DOCUMENT
NOT FOR PUBLICATION August 1998
English only

BIOLOGICAL STANDARDISATION PROGRAMME

Human Tetanus Vaccine Alternative In Vitro Assays

Preliminary Report of results of Phase I Study
Project Leaders: Dr. C. Hendriksen & Dr. R. Winsnes

Participants: RIVM, NIBSC, SLK

Strasbourg
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12. Provision data reporting sheets (BSP019)

Technician:

SOP: ELISA Ph Eur 

Column numbers
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

A
B
C
D
E
F
G
H

remarks:

Put the absorbance data in the coloured cells of the plate-scheme

Laboratory:

Sample A
Sample B

Date: Assay No 1

R

Nab
Nag

Sample C
Sample D
Sample E
Sample F
Sample G
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13. Independent centralised statistical evaluation (BSP035)

A B C D E F G
1 . 0.183 0.090 0.035 0.013 0.033 0.027 0.122
2 . 0.189 0.081 0.038 0.015 0.041 0.030 0.119
3 . 0.179 0.077 0.035 0.013 0.034 0.029 0.118
1 . 0.223 0.094 0.040 0.015 0.042 0.029 0.120
2 . 0.188 0.086 0.036 0.013 0.033 0.028 0.117
1 3 0 n.c. n.c. n.c. n.c. n.c. n.c. n.c.
2 3 0 0.148 0.089 0.053 0.044 0.061 0.051 0.111
3 1 5 0.195 0.085 0.049 0.021 0.054 0.043 0.146
4 1 5 0.134 0.055 0.029 0.012 0.030 0.025 0.084
1 . 0.186 0.066 0.034 0.010 0.036 0.025 0.109
2 . 0.400 0.080 0.038 0.027 0.061 0.023 0.188
1 . 0.230 0.099 0.044 0.018 0.039 0.036 0.139
2 . 0.165 0.077 0.034 0.013 0.034 0.026 0.117
1 . 0.169 0.081 0.037 0.015 0.034 0.029 0.110
2 . 0.178 0.077 0.034 0.013 0.030 0.024 0.098
1 . 0.173 0.077 0.039 0.013 0.040 0.027 0.120
2 . 0.152 0.063 0.039 0.014 0.033 0.026 0.102
1 . 0.205 0.099 0.035 0.017 0.044 0.065 0.162
2 . 0.259 0.089 0.047 0.023 0.048 0.038 0.131
1 1 0 0.134 0.067 0.016 0.007 0.024 0.017 0.054
1 1 5 0.124 0.083 0.022 0.008 0.027 0.021 0.098
1 3 0 0.160 0.095 0.035 0.014 0.044 0.028 0.106
2 1 0 0.162 0.065 0.029 0.010 0.028 0.018 0.089
2 1 5 0.172 0.070 0.030 0.010 0.029 0.021 0.107
2 3 0 0.201 0.079 0.034 0.012 0.035 0.025 0.112

Rep Time
Plate 1

9

1

2

3

4

Lab

6

7

8

5
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A B C D E F G H I K L M N O P Q R S T U V W X Y Z αααα ββββ εεεε
1 . 0.183 0.090 0.035 0.013 0.033 0.027 0.122 0.018 0.003 2.106 0.400 0.247 0.068 0.150 0.093 1.317 0.046 0.412 0.428 0.012 1.566 0.616 0.262 0.795 0.380 0.086 0.278 0.150
2 . 0.189 0.081 0.038 0.015 0.041 0.030 0.119 0.019 0.002 2.316 0.451 0.297 0.076 0.154 0.081 1.396 0.036 0.352 0.414 0.008 1.519 0.736 0.391 0.991 0.442 0.114 0.328 0.193
3 . 0.179 0.077 0.035 0.013 0.034 0.029 0.118 0.021 0.002 2.955 0.447 0.288 0.070 0.144 0.090 1.415 0.038 0.385 0.429 0.008 1.614 0.681 0.341 0.984 0.440 0.106 0.319 0.180

1 . 0.223 0.094 0.040 0.015 0.042 0.029 0.120 0.019 0.002 2.351 0.436 0.293 0.068 0.118 0.136 2.028 0.065 0.671 0.866 0.013 1.838 0.700 0.364 0.932 0.457 0.122 0.334 0.184
2 . 0.188 0.086 0.036 0.013 0.033 0.028 0.117 0.013 0.001 2.111 0.374 0.183 0.058 0.106 0.082 1.300 0.046 0.396 0.474 0.012 1.406 0.696 0.305 0.928 0.404 0.087 0.244 0.137
1 3 0 n.c. n.c. n.c. n.c. n.c. n.c. n.c. 0.038 0.039 2.073 0.427 0.327 0.112 0.222 0.127 1.381 0.159 0.356 0.522 0.081 1.341 0.660 0.397 0.612 0.475 0.189 0.399 0.295
2 3 0 0.148 0.089 0.053 0.044 0.061 0.051 0.111 0.035 0.038 1.775 0.341 0.272 0.089 0.178 0.127 1.313 0.150 0.332 0.483 0.076 1.167 0.687 0.407 0.655 0.448 0.173 0.387 0.288
3 1 5 0.195 0.085 0.049 0.021 0.054 0.043 0.146 0.018 0.002 3.375 0.457 0.294 0.061 0.140 0.071 1.102 0.047 0.316 0.355 0.011 1.369 0.888 0.472 1.349 0.753 0.142 0.531 0.298
4 1 5 0.134 0.055 0.029 0.012 0.030 0.025 0.084 0.019 0.003 2.580 0.415 0.330 0.077 0.156 0.084 1.030 0.051 0.336 0.382 0.014 1.422 0.624 0.292 0.778 0.381 0.109 0.305 0.217
1 . 0.186 0.066 0.034 0.010 0.036 0.025 0.109 n.c. n.c. n.c. n.c. n.c. n.c. n.c. 0.088 0.969 0.078 0.319 0.362 0.017 1.029 0.429 0.320 0.761 0.334 0.126 0.533 0.673
2 . 0.400 0.080 0.038 0.027 0.061 0.023 0.188 0.023 0.007 1.730 0.416 0.390 0.098 0.230 0.236 1.782 0.194 0.766 1.392 0.000 10.119 0.624 0.448 0.724 0.450 0.159 0.404 0.393
1 . 0.230 0.099 0.044 0.018 0.039 0.036 0.139 0.020 0.004 1.965 0.400 0.249 0.067 0.178 0.076 1.085 0.034 0.292 0.311 0.011 1.557 0.521 0.327 0.783 0.350 0.093 0.281 0.152

2 . 0.165 0.077 0.034 0.013 0.034 0.026 0.117 0.017 0.002 1.897 0.335 0.198 0.058 0.151 0.071 1.225 0.033 0.331 0.351 0.009 1.416 0.571 0.282 0.735 0.336 0.082 0.286 0.153
1 . 0.169 0.081 0.037 0.015 0.034 0.029 0.110 0.025 0.006 2.057 0.449 0.300 0.072 0.160 0.115 1.415 0.067 0.453 0.429 0.015 1.322 0.607 0.312 0.806 0.381 0.102 0.258 0.159
2 . 0.178 0.077 0.034 0.013 0.030 0.024 0.098 0.023 0.005 1.991 0.386 0.268 0.067 0.130 0.085 1.157 0.047 0.329 0.374 0.010 1.139 0.590 0.266 0.802 0.349 0.093 0.297 0.153
1 . 0.173 0.077 0.039 0.013 0.040 0.027 0.120 n.c. n.c. n.c. n.c. n.c. n.c. n.c. 0.143 1.876 0.087 0.405 0.505 n.c. 1.229 0.814 0.495 1.714 0.622 0.162 0.416 0.150
2 . 0.152 0.063 0.039 0.014 0.033 0.026 0.102 n.c. n.c. n.c. n.c. n.c. n.c. n.c. n.c. 1.969 0.131 0.382 0.471 n.c. 1.797 0.907 1.315 0.445 0.545 0.164 0.438 0.248
1 . 0.205 0.099 0.035 0.017 0.044 0.065 0.162 0.027 0.010 2.969 0.608 0.712 0.104 0.230 0.068 1.068 0.036 0.309 0.291 0.015 1.429 0.921 0.404 1.355 0.490 0.115 0.390 0.206
2 . 0.259 0.089 0.047 0.023 0.048 0.038 0.131 0.025 0.002 2.242 0.469 0.318 0.076 0.175 0.091 1.251 0.042 0.397 0.435 0.013 1.921 0.667 0.358 0.923 0.420 0.093 0.271 0.162
1 1 0 0.134 0.067 0.016 0.007 0.024 0.017 0.054 0.029 0.009 2.787 0.626 0.394 0.090 0.184 0.107 2.171 0.044 0.563 0.652 0.023 2.791 0.700 0.339 0.929 0.463 0.127 0.351 0.187
1 1 5 0.124 0.083 0.022 0.008 0.027 0.021 0.098 0.031 0.007 4.594 0.743 0.488 0.104 0.200 0.093 2.020 0.037 0.512 0.487 0.018 1.241 0.609 0.315 0.997 0.428 0.100 0.295 0.166

1 3 0 0.160 0.095 0.035 0.014 0.044 0.028 0.106 0.026 0.006 2.631 0.519 0.405 0.085 0.187 0.085 1.811 0.032 0.499 0.476 0.017 1.571 0.738 0.286 1.074 0.434 0.112 0.269 0.180
2 1 0 0.162 0.065 0.029 0.010 0.028 0.018 0.089 0.077 1.753 0.033 0.370 0.597 0.006 1.037 0.785 0.302 0.962 0.443 0.105 0.341 0.184
2 1 5 0.172 0.070 0.030 0.010 0.029 0.021 0.107 0.020 0.002 2.282 0.643 0.368 0.094 0.257 0.090 1.549 0.042 0.405 0.480 0.009 1.543 0.794 0.332 1.125 0.495 0.112 0.351 0.185
2 3 0 0.201 0.079 0.034 0.012 0.035 0.025 0.112 0.018 0.002 2.206 0.551 0.392 0.087 0.211 0.078 1.298 0.035 0.353 0.426 0.007 1.245 0.818 0.298 1.060 0.524 0.116 0.384 0.189
1 3 0 0.232 0.105 0.049 0.017 0.049 0.039 0.149 0.019 0.002 2.641 0.431 0.299 0.072 0.159 0.075 1.261 0.033 0.410 0.434 0.013 1.530 0.627 0.358 0.978 0.431 0.106 0.356 0.153
2 1 0 0.183 0.077 0.036 0.013 0.035 0.026 0.110 0.023 0.002 3.253 0.687 0.443 0.111 0.247 0.084 1.407 0.042 0.408 0.485 0.016 2.497 0.685 0.370 0.950 0.519 0.141 0.455 0.234
2 1 5 0.203 0.097 0.048 0.019 0.050 0.040 0.171 0.024 0.002 2.781 0.637 0.436 0.113 0.239 0.086 1.465 0.043 0.424 0.536 0.018 2.255 0.543 0.297 0.733 0.375 0.104 0.285 0.174
2 3 0 0.188 0.079 0.038 0.014 0.037 0.028 0.116 0.022 0.002 2.717 0.541 0.356 0.083 0.169 0.078 1.382 0.038 0.419 0.428 0.015 1.516 0.645 0.326 0.967 0.466 0.117 0.327 0.179

3 1 0 0.152 0.068 0.030 0.011 0.031 0.021 0.102 0.015 0.001 1.957 0.460 0.322 0.072 0.163 0.073 1.606 0.038 0.461 0.574 0.014 1.722 0.584 0.300 0.860 0.425 0.103 0.353 0.180
3 1 5 0.167 0.078 0.035 0.014 0.037 0.027 0.105 0.016 0.001 1.896 0.410 0.261 0.062 0.132 0.070 1.399 0.035 0.367 0.426 0.011 1.526 0.600 0.309 0.851 0.444 0.115 0.384 0.190
3 3 0 0.158 0.073 0.031 0.012 0.034 0.023 0.114 0.015 0.001 2.011 0.404 0.246 0.056 0.125 0.063 1.326 0.032 0.350 0.404 0.011 1.368 0.594 0.300 0.917 0.428 0.096 0.302 0.157
1 . 0.165 0.061 0.026 0.010 0.027 0.019 0.073 0.019 0.002 1.901 0.385 0.254 0.075 0.122 0.079 0.962 0.045 0.308 0.320 0.009 1.059 0.702 0.299 0.834 0.397 0.103 0.287 0.179
2 . 0.216 0.068 0.011 0.013 0.031 0.032 0.080 0.017 0.004 1.689 0.465 0.267 0.069 0.168 0.097 1.414 0.058 0.395 0.399 0.009 1.224 0.777 0.442 0.873 0.339 0.114 0.272 0.132
1 1 2 0.135 0.052 0.031 0.009 0.025 0.025 0.093 0.014 0.012 2.690 0.450 0.300 0.079 0.189 0.071 1.253 0.045 0.291 0.395 0.017 1.673 0.591 0.292 0.880 0.349 0.094 0.341 0.170
2 1 2 0.141 0.055 0.015 0.004 0.014 0.010 0.063 0.013 0.019 2.297 0.397 0.169 0.071 0.150 0.060 1.241 0.031 0.287 0.349 0.015 1.645 0.523 0.286 0.816 0.348 0.087 0.254 0.168
1 1 0 0.088 1.813 0.042 0.396 0.505 0.012 1.138 0.912 0.371 0.840 0.379 0.077 0.296 0.136
1 1 5 0.086 1.682 0.042 0.397 0.512 0.013 1.195 0.893 0.363 0.827 0.389 0.077 0.305 0.134

1 3 0 0.195 0.076 0.038 0.015 0.037 0.026 0.103 0.023 0.007 1.966 0.414 0.247 0.055 0.108 0.088 1.630 0.042 0.416 0.526 0.013 1.243 0.838 0.371 0.821 0.421 0.079 0.346 0.140
2 1 0 0.156 0.041 0.032 0.008 0.024 0.021 0.069 0.018 0.002 2.723 0.347 0.222 0.054 0.084 0.084 1.420 0.037 0.292 0.310 0.000 1.241 0.727 0.363 1.047 0.377 0.102 0.256 0.163
2 1 5 0.166 0.048 0.035 0.008 0.026 0.022 0.074 0.018 0.001 2.700 0.350 0.238 0.052 0.092 0.087 1.575 0.034 0.339 0.345 0.000 1.242 0.837 0.428 1.290 0.526 0.131 0.326 0.187
2 3 0 0.183 0.051 0.034 0.009 0.026 0.023 0.094 0.018 0.002 2.967 0.393 0.259 0.059 0.107 0.096 2.143 0.037 0.403 0.368 0.000 1.382 0.677 0.283 1.047 0.484 0.118 0.341 0.185
1 1 5 0.327 0.120 0.057 0.026 0.055 0.039 0.170 0.029 0.000 2.878 0.514 0.359 0.089 0.201 0.101 3.043 0.051 0.483 0.687 0.008 2.435 0.838 0.384 0.912 0.379 0.079 0.305 0.195
1 3 0 0.162 0.067 0.033 0.012 0.030 0.021 0.085 0.019 0.001 2.659 0.443 0.266 0.061 0.123 0.069 1.796 0.036 0.395 0.428 0.007 1.819 0.732 0.342 1.102 0.429 0.092 0.280 0.147
2 1 5 0.180 0.059 0.030 0.010 0.028 0.021 0.091 0.017 0.001 3.142 0.488 0.281 0.071 0.156 0.062 1.948 0.030 0.394 0.466 0.006 1.659 0.729 0.318 1.080 0.420 0.094 0.297 0.172
2 3 0 0.174 0.058 0.030 0.012 0.028 0.023 0.093 0.017 0.000 2.898 0.473 0.275 0.065 0.138 0.061 1.670 0.030 0.395 0.418 0.007 1.545 0.703 0.311 1.016 0.415 0.085 0.303 0.167

1 3 0 0.194 0.079 0.040 0.010 0.031 0.019 0.115 0.018 0.001 2.461 0.417 0.288 0.054 0.151 0.078 1.514 0.062 0.684 0.737 0.009 1.400 0.691 0.311 1.107 0.389 0.091 0.284 0.183
2 3 0 0.184 0.075 0.027 0.009 0.031 0.021 0.128 0.014 0.001 2.802 0.468 0.294 0.061 0.173 0.060 0.981 0.030 0.352 0.326 0.006 1.450 0.503 0.251 0.933 0.361 0.078 0.306 0.179
1 . 0.197 0.086 0.040 0.014 0.044 0.028 0.132 0.023 0.002 2.356 0.493 0.317 0.087 0.186 0.091 1.384 0.045 0.344 0.436 0.011 1.397 0.677 0.349 0.942 0.403 0.106 0.315 0.179
2 . 0.207 0.094 0.045 0.016 0.042 0.034 0.129 0.022 0.002 2.618 0.515 0.322 0.107 0.193 0.101 1.311 0.057 0.399 0.475 0.015 1.458 0.823 0.416 1.190 0.477 0.133 0.393 0.220
3 . 0.204 0.101 0.053 0.018 0.049 0.031 0.130 0.026 0.004 2.251 0.498 0.319 0.073 0.128 0.110 1.243 0.070 0.330 0.461 0.015 1.353 0.697 0.343 0.926 0.375 0.108 0.300 0.186
1 . 0.222 0.116 0.049 0.022 0.048 0.040 0.147 0.027 0.006 2.811 0.505 0.405 0.108 0.236 0.103 2.143 0.086 0.668 0.908 0.019 3.489 0.707 0.341 0.953 0.404 0.120 0.368 0.213
2 . 0.251 0.092 0.044 0.017 0.042 0.033 0.134 0.021 0.004 0.403 0.302 0.071 0.158 0.099 0.916 0.053 0.452 0.557 0.013 1.788 0.685 0.343 1.018 0.432 0.115 0.336 0.218
1 . 0.171 0.073 0.034 0.043 0.021 0.037 0.165 0.021 0.008 2.441 0.396 0.301 0.100 0.116 0.017 0.918 0.037 0.327 0.406 0.014 0.762 0.625 0.282 1.013 0.437 0.149 0.368 0.204
2 . 0.180 0.081 0.039 0.016 0.046 0.034 0.130 0.020 0.003 2.567 0.494 0.233 0.091 0.143 0.099 1.904 0.049 0.442 0.513 0.010 1.855 0.631 0.341 0.737 0.222 0.106 0.372 0.179

1 . 0.173 0.072 0.030 0.010 0.028 0.021 0.092 0.017 0.002 2.330 0.433 0.271 0.070 0.142 0.096 1.837 0.044 0.447 0.535 0.011 1.858 0.804 0.388 1.059 0.465 0.111 0.353 0.177
2 . 0.213 0.086 0.041 0.014 0.037 0.024 0.119 0.020 0.003 2.641 0.495 0.348 0.085 0.194 0.094 1.681 0.045 0.447 0.504 0.013 1.854 0.700 0.358 1.015 0.386 0.102 0.313 0.178
1 . 0.213 0.111 0.065 0.032 0.061 0.048 0.137 0.074 0.079 3.346 0.568 0.411 0.148 0.261 0.143 1.997 0.111 0.413 0.548 0.061 1.771 0.709 0.381 0.882 0.443 0.120 0.321 0.194
2 . 0.217 0.096 0.067 0.037 0.065 0.053 0.145 0.036 0.026 3.052 0.502 0.315 0.087 0.193 0.119 1.804 0.091 0.390 0.513 0.044 1.808 0.692 0.313 0.960 0.380 0.086 0.258 0.158
1 . 0.209 0.104 0.055 0.025 0.050 0.039 0.118 0.045 0.005 1.805 0.427 0.247 0.088 0.200 0.115 2.554 0.080 0.476 0.621 0.013 2.377 0.946 0.406 1.150 0.528 0.123 0.343 0.285
2 1 4 0.179 0.078 0.037 0.015 0.039 0.031 0.141 0.017 0.002 2.651 0.559 0.416 0.088 0.228 0.560 1.549 0.042 0.410 0.473 0.008 2.757 0.071 0.311 0.954 0.401 0.121 0.508 0.265
2 3 0 0.170 0.082 0.038 0.016 0.038 0.029 0.127 0.019 0.002 2.172 0.430 0.343 0.069 0.186 0.691 1.698 0.046 0.372 0.427 0.010 2.110 0.070 0.345 0.816 0.383 0.096 0.366 0.199
1 . 0.191 0.084 0.060 0.034 0.062 0.079 0.215 0.022 0.006 1.612 0.470 0.233 0.094 0.236 0.130 0.790 0.050 0.290 0.250 0.015 0.771 0.634 0.267 0.963 0.401 0.099 0.360 0.297

2 . 0.150 0.076 0.058 0.032 0.062 0.047 0.178 0.028 0.004 1.905 0.431 0.283 0.081 0.222 0.054 0.781 0.035 0.220 0.277 0.014 1.093 0.482 0.209 0.364 0.253 0.100 0.204 0.169
1 1 5 0.170 0.070 0.037 0.013 0.035 0.026 0.103 0.016 0.002 2.051 0.404 0.251 0.071 0.141 0.073 1.469 0.036 0.356 0.428 0.007 1.331 0.663 0.317 0.842 0.374 0.094 0.276 0.164
2 1 5 0.166 0.071 0.036 0.014 0.033 0.027 0.085 0.022 0.007 1.865 0.380 0.246 0.069 0.131 0.078 1.239 0.039 0.324 0.361 0.007 1.138 0.748 0.378 1.000 0.447 0.113 0.292 0.171

Titres are expressed in IU/ml

n.c. = no convergence. (The calculation method failed to converge)
Times are only indicated if this was stated explicitly on the reporting sheets.
If a sample was not tested, the cell is crossed out.
Results from plates with a correlation coefficient below 0 98 are printed on a grey background

Table 4a — Titres of the samples (ELISA)
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14. Retrospective statistical analysis (BSP019)

Exploring the perspectives for single dose
assay using data from the collaborative
study

–  A. Daas
–  A. Akkermans

Proceedings of symposium Tetanus vaccine
for human use
Pharmeuropa Special Issue October 2000

ME. Behr-Gross, Strasbourg, 7-8/11/2002 26

15. Critical analysis of outcome (each step)
16. Additional experiments if needed ( BSP019)

Phase IIa: unexpected  failures in challenge in 2
labs

Phase II therefore extended (2 additional labs)

ME. Behr-Gross, Strasbourg, 7-8/11/2002 27

17. Adaptation study plan based on completed steps
(BSP019-035)

Establishment of Guinea Pig antiserum
Clostridium tetani guinea pig antiserum (vaccines -

human use) BRP

First candidate: potency not optimal
-> second developed

BRP calibrated by challenge to be used as positive run
control, not as reference serum for potency

determination for in-vitro part of serological potency
assays
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Experience from BSP019-BSP035
-> start BSP034: comparable study plan

AIMS
Validation serological methods for batch potency

testing of diphtheria vaccines (human use)
+

Assessing tetanus potency test vaccines by
ELISA/ToBI (same samples)

Production & calibration of reference GP diphtheria
antiserum BRP (BSP056)

Successful completion
-> significant progress for animal welfare

ME. Behr-Gross, Strasbourg, 7-8/11/2002 29
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