
   

   



Openshaw et al, Clin Microb. Reviews 2005
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fermentation,

cultivation

purification )

final lot

Vaccine production
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Production of the classical

(inactivated) vaccines

Virulent micro-organism/toxine

Inactivated
vaccine/toxoid (Final lot)

Detoxification
/inactivation

 Safety tests

 Potency tests
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0 100 200 300

Pertussis

Rabies

Tetanus

Diphtheria

Polio (inac.)

Measles

Rubella

Influenza

Estimated number of animals/batch
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White = potency testing

Blue   = safety testing



Ref.

Vaccine

50%

Probit

Survival

Log Dose

Characteristics challenge test

  high no.animals/test

  death specified as 

      endpoint

  severe suffering

  approx.50% deaths/

      severe clinical signs 

ED50 ED50

Potency ref.        ED50 test

----------------- =      -------------

Potency test        ED50 ref.
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Replacement

 in vitro antigenicity

  test

 cell culture tests

  (potency, safety)



Recent developments: Reduction & Refinement

vaccine immun. challenge

Tetanus: ToBI test/ELISA

Diphtheria: Vero

cell/ELISA/ToBI

Whole cell pertussis : ELISA

Challenge test

     Serological test (both vaccine under study and reference preparation)

     Challenge test (both vaccine under study and reference preparation)

bleeding
In vitro titration
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Eur.Phar./ECVAM Collaborative Study to the Use of in-vitro Serological Test

Systems for Potency Testing of Tetanus Toxoid Vaccines for Human Use

DESIGN STUDY

Management: 4 partners/2 bio-statisticians

Study was divided in 4 phases

Pre-validation : 4   laboratories

Phase 1 : 3   laboratories

Phase 2 : 3   laboratories

Phase 2b : 2   laboratories

Phase 3 : 26 laboratories

Time required : approx. 4 years

Costs : approx. 1 million EURO

POTENCY TEST

immunization

Booster after 4

weeks

Bleeding after 5

weeks

In-vitro test

systems
lethalit

y
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2.7.8. Assay of tetanus vaccine (adsorbed) The potency of tetanus vaccine is determined by

administration of the vaccine to animals (guinea-pigs or mice) followed either by challenge with

tetanus toxin (method A or B) or by determination of the titre of antibodies against tetanus toxoid in

the serum of the guinea-pigs (method C). In both cases the potency of the vaccine is calculated by

comparison with a reference vaccine, calibrated in International Units. For methods A and B, in

countries where the paralysis method is not obligatory the LD50 method may be used. For the LD50

method, the number of animals and the procedure are identical with those described for the

paralysis method but the end-point is the death of the animal rather than paralysis. The

International Unit is the activity contained in a stated amount of the International Standard for

tetanus toxoid (adsorbed). The equivalence in International Units of the International Standard is

stated by the World Health Organisation. Tetanus vaccine (adsorbed) BRP is calibrated in

International Units with reference to the International Standard. The method chosen for assay of

tetanus vaccine (adsorbed) depends on the intended purpose. Method A or B is used:

1. during development of a vaccine, to assay batches produced to validate the production;

 2. wherever revalidation is needed following a significant change in the manufacturing process.

Method A or B may also be used for routine assay of batches of vaccine but in the interests of

animal welfare, method C is used wherever possible.

Method C may be used, except as specified under 1 and 2 above, after verification of the suitability

of the method for the product. For this purpose, a suitable number of batches (usually 3) are assayed

by method C and method A or B. Where different vaccines (monovalent or combinations) are

prepared from tetanus toxoid of the same origin, suitability demonstrated for the combination with

the highest number of components can be assumed to be valid for combinations with fewer

components and for monovalent vaccine. For combinations with a whole-cell pertussis component,

a separate demonstration of equivalence must be made for the highest combination. The design of

the assays described below uses multiple dilutions for the test and reference preparations. Based on

the potency data obtained in multidilution assays, it may be possible to decrease the number of

animals needed to obtain a statistically significant result by applying a simplified model using a

single dilution for both test and reference preparations. Such a model enables the analyst to

determine whether the potency of the test preparation is significantly higher than the minimum

required but does not give information on the dose-response curves and their l inearity, parallelism

and significant slope. The simplified model may lead to a considerable reduction in the number of

animals required and its use must be considered in accordance with the provisions of the European

5 juni, 2004 Standard presentation NVI 49
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Influence of mouse strain on assayed T potency

__________________________________________________________________________

Mouse strainMouse strain AssayedAssayed

potency (IU/ml)potency (IU/ml)

__________________________________________________________________________

NIHNIH     223    223

CFWCFW     185    185

CDF1CDF1     142    142

BALB/cBALB/c     105    105

HardegreeHardegree et al. (1972) et al. (1972)

InfluenceInfluence of  of animalanimal species  species onon  assayedassayed T  T potenypoteny

Lab.noLab.no.. Assays in miceAssays in mice  Assays in Assays in g-psg-ps

    1    1 171 (152-193)171 (152-193) 357 (289-442)357 (289-442)

    2    2   69 (58-82)  69 (58-82) 293 (198-429)293 (198-429)

    3    3 227 (181-285)227 (181-285)  - -

    4     4     -    - 378 (278-497)378 (278-497)

    5    5 104 (75-145)104 (75-145) 241 (180-321)241 (180-321)

LyngLyng &  & NyergesNyerges (1984) (1984)
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Production of the old (inactivated)

vaccines

Virulent micro-organism/toxine

Inactivated
vaccine/toxoid (Final lot)

Detoxification
/inactivation

 Safety tests

 Potency tests
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Attenuation



Production of the old (inactivated)

vaccines

Virulent micro-organism/toxine

Inactivated
vaccine/toxoid (Final lot)

Detoxification
/inactivation

 Safety tests

 Potency tests
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Current strategy of vaccine q.c.: all consecutive batches of vaccine produced are

considered to be unique and not to have any relation to each other. Emphasis is

given to the q.c. of each final product (safety and potency).

Batch no.

1 2 3 4 5 76 8 n

However, at the manufacturer’s level all batches are derived

from the same bacterial/viral strain (seed-lot)

Seed lot

Classical approach



1 2 3 4 5 76 8 n

Batch no.

New strategy: quality control is seen as an instrument to monitor
manufacturer’s consistency in production.
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Production of the old (inactivated)

vaccines

Virulent micro-organism/toxine

Culture

Inactivation/detoxification

Purification

Inactivated vaccine (Final lot = batch)

 Safety tests

 Potency tests

In-process (in vitro)

testing



fermentation

temperature

stirrer speed

dO

substrate

LDH

free DNA

etc.

chromatography

plate number

protein

endotoxin

DNA

etc.

formulation

adsorption degree

homogeneity

residual water

transition temp.

etc.

inactivation

temperature

formaldehyde

toxicity, titer

SDS-PAGE

etc.

filtration

flow

back pressure

protein filtrate

protein retentate

etc.
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1 2 3 4 5 76 8 n

Batch no.



Find the differences
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fermentation,

cultivation

purification )

final lot



toxicity

immunogenicity
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antigen

vaccine

functional

non-functional

I. Potency and safety

III. immunochemical

II. in vitro immunology

IV. analytical, 

spectroscopic

•challenge test

•toxin neutralisation

•safety tests

•chromatography

•electrophoresis

•free NH2 groups

•mass spectrometry

•fluorescence spectroscopy

•circular dischroism

•cytokine production

•antibody production

•lymphocyte activation

and proliferation

•flocculation test

•ELISA

•immunoblotting

•biosensor analysis
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Tetanus toxoid batch
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128 mM80 mM64 mM48 mM

32 mM16 mM8 mM4 mM

2 mM1 mM0 mM
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Requires:

APC,

T lymphocytes,

B lymphocytes,

Accessory cells

(e.g. endothelial

cells) not

necessary
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Epitope mapping and Mabs
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