2LEF

[0 T s
English ont
— st Resticied—

Laboratory
methods for the
testing for potency
of diphtheria (D),
tetanus (T),
pertussis (P) and
combined vaccines

World Health Organization




WORLD HEALTH ORGANIZATION Restryicted Document
ORGANISATION MONDIALE DE LA SANTE BLG/92.1
English Only

TABLE OF GONTENTS

Page
A. Introduction ......... oo, e 1
B. Tests for potency of vaccinesz containing D and/or T adsorbed
toxeoid .......... et aa e e Caeras 2
B.l Tests based on quantal (all or none) responses .......... 2
B.1.1 Multiple vaccine dilution assay with
subcutaneous challenge ............. v, 2
B.1.2 Guidelines for the validation and use of a
single vaceine dilution quantal-response
potency assay for diphtheria, tetanus and
combined vaceines ................. e 5
B.2 Tests based on guantitative responses ................... 17
8.2.1 Assays based on quantitative responses to
multiple vaccine dilutions ....... .00 uunnna. .- 17
B.2.2 Single vaccine dilution tests based on
quantitative responses ..,.......... ... 0000000 18
B.2.,2,1 Initiation and validation of a single vaccine
dilution test procedure ..... e e e 19
B.2.3 Evaluation of quantitative responses .,.......... 22
B.2.3.1 Toxin neutralization methods .................... 22
B,2,3.1,1 Evaluation of diphtheria responses by multiple
intradermal scores ............. ..o 22
B.2.3.1.2 Potency determination in mice of diphtheria
toxoid in vaccines by serum neutralization
cf diphtheria toxin in Vere cell cultures .. 23
B.2.3.2 Seroleogical methods applicable to the
determination of diphtheria and tetanus
antibodles ........ .. i 34
B.2.3.2.1 Elisa methods (gemeral) ........ccvuinvrissras. 34

B.2.3.2.1.1 Direct Elisas ...... .0 iiimiiinriirrrrennrs 42




- §f -

B.2.3.2,1.2 Capture Elisa ....... . vivrernrnrnrensnseas

E.2.3.2.1.3 Assgay for potency of vaccines contalning
D and T adsorbed toxold using the toxin
binding inhibition test (ToBI) as a
secondary method for measuring the
antitoxin response .............. ... .. ...

B.2.3.2.2 Passive haemagglutination titration as a
gecondary method for assesaing the antibody
response of mice in potency assays of
adsorbed diphtheria, tetanus and combined
vacceines ... ... ... o

B.3 Validation of potency assays for toxeid vaccines based
on in vitro methods of measuring antitoxin in the sera
of vaccinated animals .............. ... ... .. it

Pertussis potency assay of monovalent and combined whole
cell pertusszsis vaceines .. ... ... e

Glossary of terms used in the potency testing of D, T, P and
combined vaceines ... ... i i e

Suggested method for individual identification of guinea
Pigs In an animal room ...t Ce s

Statistical analysis of results ... .. ... .. . i inirrrrraraas
F.1 Probit analysis ....... ... i i e e e nanas
F.2 Fisher's exact probabiliey test ,............ .. 00aaan
F.3 Parallel line assay ..............ccuivuunns e

F.b Student € Lo ... it ittt it in s s sttt nnnns

L4

48

57

67

72

75

77

80

80

20

92




BLG/92.1
Page 1

LABORATORY METHODS FOB THE TESTING FOR POTENCY OF DIPHTHERTA (D),
TETANUS (T), PERTUSSIS (P) AND COMBINED VACCINES

A. IRTRODUCTION
(by Dr. R. Dobbelaer, Institute for Hygiene and Epidemiolagy,
Brussels, Belgium)

This document is intended to gilve guidance for the testing of D, T, P
and combined vacecines to vaccine-producing Institutions as well az to
national control laboratories.

Whereas the Manual (BLG/UNDF/82.1 Rev. 1) covers general methods such
as assay for sterility and preservative content ag well as product-specific
methods, the present revision only deals with potency testing., It is felt
that the methods for the general tests are now readily available through
literature or national and International pharmacopoelas and that it is more
useful to put full emphasis on the field in which considerable scientific
progress has been made over the past few years, and the need for
standardization has become the most pressing.

It should be noted that as for the Manual the evaluation of tests
performed according to certain of the proposed laboratory methods will
require some stastical knowledge and/or the availability of statistical
computer program facllities.

In the Manual, the potency tests recommended for final bulks or final
vaccines containing Tetanus and Diphtheria toxoids involved vaccination of
large numbers of animals using multiple vaccine dilutionz and toxin
challenge, Many laboratories have now acquired considerable experience
with this type of testing.

The present WHO "Requirements for Diphtheria, Tetanus, Pertussis and
Combined Vaccines" (WHO Technical Report Series No. 800, Ammex 2,
pp.87-179, Geneva, 1990) allow, under certain conditions, the use of
altermative forms of potency testing, thus reflecting the need for an
adjusted balance between the number of animals required and the information
to be retrieved from the assay. In this document, due attention iz paid to
these alternative test methods and in particular to their statistical
design and evaluation as well as to their validation. Special attentien
has been drawn to the need for adequate randomization of laboratery animals
in order to aveid bias, All these factors are felt to have an increased
importance in the case of the alternative tests, to ensutre that, whilst
requiring fewer animals, they will provide the same degree of assurance as
the traditional methods.

The glossary and the section on animal identification contain minimal
changes compared with the Manual.

The selection by Individual laboratories of a particular method among
the proposed simplified alternatives should be made after having taken into
congideration criteria such as familiarity with the technique, economy and
the availabilicy of approprlate equipment.

Finally, it is recognized that, differences In style exist between
some of the chapters. It was, however, felt that the document could only
gain in accuracy by respecting scrupulously the individual approaches of
the authors.
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TESTE FOR POTENCY OF VACCINES CONTAINING P AND/OR T ADSORBED TOXOID

TESTS BASED UPON QUANTAL (ALL OR NONE) RESPONSES
(by Dr. Peter Knight, Wellcome Biotech, Langley Court,
Inited Kingdom)

In quantal assays each animal gives either a positive or a negative
response., Such a test 1s unable to take account of how strongly positive a
response might be. Most challenge tests yleld quantal data. They have the
advantage that a result is yielded directly by each animal vaccinated in
the test szo that they are relatively simple to perform. They suffer the
disadvantage that they do not make use of all the information available
from each animal and may therefore require more animals to attain a
satisfactory level of precision.

B.1.1 MULTIPLE VACCINE DILUTION ASSAYS WITH SUBCUTANEQUS CHALLENGE

The section below describes the existing methods for assay of
diphtheria and tetanus vaccines in guinea pigs, and of tetamusz in mice,

The respense metameter for tetanus is variable, In some countries a
lecthal endpoint is permitted. In others an endpoint based on a defined
level of paralysis is required for reasons of animal welfare and animals
reaching the defined level of paralysis before the end of the observation
period must be killed painlessly immediately. It is good practice to
examine challenged animals at least twice daily, and even more frequently
during the first 72 hours,

Method

Prepare three dilutions in saline of an appropriate reference
preparation of tetanus vaccine (adsorbed) or diphtheria vaccine (adsorbed)
and three similar dilutiens of each of the adsorbed vaceines under test.
The choice of dilutions used will vary depending upen the stralin and the
conditions of maintenance of the animals, but successive dilutions of each
preparation should conform to a twofold series (e.g., 1/100, 1/200, 1/400).
If, however, the use of such a range results in frequent failure to achieve
response rates higher than zero but lower than 100% in all three groups,
the range interval should be decreased. The particular diluticns used are
selected in the light of experience of local conditions such that the
median dilution for each preparation tested can be expected to protect
approximately half the animals against challenge.

Allocate a group of animals to each vaccine dilution. The groups
should be large enough to ensure that the 95% fiducial limits of the
estimate of potency shall not be wider than 50-200%, When organizing the
assay, animals have te be randomly distributed over the cages. Secondly,
proper randomization of treatments (dilutions and preparations) iz al=so
essential. It can be achieved either by randomly allocating different
treatments to groups of animals In different cages or by randomlzing
treatments within cages. In the latter case it is necessary to identify
each animal individually. A scheme for the identification of animals by
dye marking is shown in Section E. Since mice do not retain the dyes as
well as puinea pigs, it may be prudent to reinforce the dye marks at the
time of challenge.
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Inoculate 1 ml of each wvaccine dilution (ox 0.5 ml if mice are used)
Into each group of animala, Six uninoculated guinea pigs or 20 mice are
included as controls. If the challenge toxin 1s a well standardized
preparation which has been lyophilized, the unvaccinated control animals
may be omitted.

The responses of the animalz to the vaceines are determined 28 days
later (for mice, a period of 21 days has also been used successfully). The
challenge 1z given to guinea pigs by the subcutaneous injection of 1 ml of
a dilution of toxin containing approximately 100 LDSO or PD50'. In guinea
plgs, Injection of toxin should be made mid-ventrally directly behind the
sternum, where tetanus toxin produces paralysis in the forelimbs which can
be easlly recognized at an early stage and where diphtheria toxin produces
a hard flat swelling. Mice should be challenged subcutaneously over the
lumbar region of the spine to produce a distinctive hind limb paralysis
which can be recognized at an early stage. A suitable tetanus toxin should
contain at least 10,000 LD530 or FD50 per Lf. The animals are observed
twice daily for five days, and the proportion protected by each vaccine
dilution over that period recorded. The proportion of anlmals protected in
each treatment group is used to estimate the relative potency of the
vaccine under test by probit analysis (see Section F.1).

Where applicable the control group of unvaccinated guinea pigs is
divided into three sub-groups each of two animals which are inoculated with
1 ml of a 1/50, 1/100 and 1/200 dilution respectively of the toxin selution
used to challenge the vaccinated animals. When mice are used, they are
divided into four subgroups of five animals that receive 1/37.5%, 1/75,
1/150 and 1/300 dilutions of the challenge solution.

The conditions of validity for all subcutaneous challenge assays are
the same.

A test Is valid provided that:
(i) the challenge dose has been shown to contain between 50-200 LD50 or
PD50Q or comea from a well standardized preparation which has been

freeze-dried;

{(ii) the highest dose of vaccine has protected more than half of the
animals:

{iii1) the lowest dose has protected less than half of the animals:

(iv) the dose-response curves of the test and reference vaccine do not
deviate significantly from parallelism and linearity.

' A suitable toxin should contain at least 10,000 LD, per Lf, To
determine the LD, o¢f a toxin prepare dilutions of toxin containing 0.0004
LE, 0.0002 LE, 0.0001 LE, 0.00005 Lf per ml, and inject 0.5 ml doses of
each dilution into groups of 5 animals., Observe the animals for 5 days and
count the proportion of animals which die of tetanus symptoms during that
period. From these data derive the LDy, by a suitable statistical method
(e.g., probit analysis, Reed & Muench, Spearman-Kirber). The PDg, for most
toxins is approximately 50X of the LD;;,. Approximately half of the above
doses should therefore determine the paralytic endpoint. The precise
number of LDg, is not critical to the standardization of the assay.
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The main characteristics of multiple vaccine dilutions assays with
subcutaneous challenge for diphtheria and tetanus are summarized in Table 1

balow.

TAEBLE 1

SUMMARY OF CHALLENGE ASSAY METHODE FOB DIFHTHERIA AND TETANUE COMPOMENTS

Species of
animals

Vaccine dilution
volumes

Target challenge

Challenge route

Challenge endpoint

Number of
unimmunized controls

Diphtheria

guinea pigs

1.0 m)

100 LD50/1.0 ml

5.C ventral

behind the
sternum

death

(3 x 2)

Tetapus

guinea pigs

1.0 ml

100 1D50
or

100 FD50

per 1.0 ml

5.C. ventral
behind the
sternum

Foreliab
paralysis
or death

6
(3 x 2)

or

mice

0.5 ml

100 LD30
or

100 PD50
per 0.5 ml

8.C.doxsal
over lumbar
region

Hind limb
paralysis
or death

20
(4 x 5)
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B.1.2 GUIDELINES FOR THE VALIDATION AND USE OF A SINGLE VACCINE DILUTION
QUANTAL-RESPONSE POTENCY ASSAY FOR DIPHTHERTA, TETANUS AND COMEINED
VACCINES
(by Dr R, Dobbelaer, Dr P, Knight & Mr J. Lyng, Institute for Hygiene
& Epidemiology, Brussels, Belgium, Wellcome Biotech, Langley Court,
United Kingdom, and Statens Seruminstitut, Copenhagen, Denmark)

Introduction

To estimate the potency of tetanus and diphtheria vaccines in
laboratery animals, the generally accepted assays compate the protective
effect of reference and test vaccine at several dilution levelsz (WHO
Requirements for Diphtheria, Tetanus, Pertussis and Combined Vaceines,
Revised 1989, Technical Report Serles Ne. 800, Geneva, 1990, Pharmacopée
Eurcepéenne 1990 and Section B.1.1. of this document), This type of assay
provides a potency estimate with Its lewer and upper fiducial limits and
allows an actual check of the validity of the potency estimates by testing
linearity, slope, and parsllelism of the dose-response curves,

For several years now there has been a continuing interest in the
reduction of the number of laboratory animals uszed. 1In the case of potency
assays on diphtheria and tetanus vaccines, essentially two approaches have
been taken:

1. Substitution of the purely gquantal-response evaluation (survival or
absence of paralysis after toxin challenge) by a semi-quantitative
evaluation using multiple intradermal challenge for diphtheria vaccines
(Enight 1974, Pharmacopée Européenne 1990) or an entirely quantitative one,
preferably by Iin vitre titration (e.g., Kreeftenberg et al 1985, Hendriksen
et al 1989, WHO 1989 & Lyng et al 1990), These quantitative approaches

. make more efficient use of the informatien which can be obtained from each
animal (individual scores or antibody titres) and thereby reduce the number
of animals needed to achieve a given level of precision in the asszay,

Since however, the bilological mechanismz operating in some of these
quantitative approaches may differ to some degree from the mechanisms
working in the quantal-response assays (which are a direct measure of
protection), additienal validation will be necessary before such syztems
can be generally accepted (see Section B.3).

2. Reduction of the number of vaccine dilution levels used in toxin
challenge assays to one dilution (Tootlll 1964 & Tootill et al 1966, Knight
1989) .

Whilst based on the same biclogical mechaniams as the generally
accepted multiple vaccine dilutions assay methods, this approach requires
concesslons regarding the way results are expressed (only an assurance that
the potency exceeds a target value is provided) and nho actual checks on
linearity, slope significance or parallelism are possible,

Ultimately, provided adequate validation has been performed, the
application of quantitatlive measurement of response to the single-dilution
approach could lead to a further reduction of the number of animals
required (see Section B.2.2). An even more substantial reduction may be
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achieved by using sera from the same animals for the in vitro titration of
diphtheria and tetanus antibodies in a szingle-dilution test (Hendriksen et
al 1989),

This section 1s intended as a guldeline for the validatlion and use of
the single vaccine dilution assays to provide assurance that the minimum
potency requlrement for diphtheria and tetanus vacclnes is met.

The validation procedure described should be sufficlent for single
vaceine dilucion systems based on quantal responses. It should be combined
with the one described in Section B.3 If in vitro methods are to be used in
a single-dilution system,.

Des .

The following procedure is based on the one described by
P. Knight (5).

Principle

One group of animals is vaccinated with a single dilution of
reference vacclne whereas a comparable group is vaccinated with a single
dilution of the vaccine under test (it is possible to compare several test
vaccines to one reference during the same assay). Detection of vaccine-
induced immunity remainsg the same as for the multi-dilutions assay (in this
section a quantal response to toxin challenge), Vaccine dilutions are
chosen in such a way that, if the test vaccine dilution induces a
significantly higher immune response than the reference dilution, it may be
concluded that the test vaccine contains at least the minimum required
potency., This inference can only be made iIf satisfactory histoerical
evidence is available to show, for all the vaccines tested, that the
regression of response on dose Is highly significant and that the
assumptions of linearity and parallelism are justified,

When organizing the assay, animals have to be randomly distributed
over the cages. Secondly, proper randemization of vaccines is also
essentlial. It can be achieved either by randomly allocating different
vaccines to groups of animals in different cages or by randomlzing vaccines
within cages. In the latter case it is necessary to ldentlfy each animal
individually. A scheme for the Identification of animals by dye marking is
shown: In Section E. Since mice do not retain the dyes as well as guilnea
pigas, it may be prudent to reinforce the dye marks at the time of
challenge.

Selection of appropriate dilutions of wvaccines

- Fo v : from historical data, a dilution is
selected containing a number of International Units which is known to
elicit an immune response zituated in the lower part of the dose-
response curve (about 10% protection in a lethal or paralytic
challenge assay is considered to be acceptable).

- For the vaccine(s) under test: by hypothesis, all test vaccines are

assumed to contain the minimum required potency (i.e., per single
human dese: 30 IU for diphtheria wvaccine and 40 IU for tetanus
vaccine or 60 IU in the presence of a whole-cell pertussis component,
if che assay is performed in mice). Based on this valuve, a dilution
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is made which hypothetically containg the same number of
International Units as the reference wvaccine dilutisn., If the test
vaccine dilution yields a significantly higher immune response than
the reference vaccine dilution, it may be concluded that the tesc
vaccine contains at least the required minimum, provided the earlier
mentioned assumptions can be made safely.

Statistical evaluation

In order to determine whether the difference between the responses to
the reference and the test vaccine is significant, Fischer's exact
probability test (one sided) should be used (e.g., Armitage 1971 or Finney
1963, see also Section F.2).

Bafore adopting the single vaccine dilutlon assay system, the contrel
laboratory should have acquired adequate experience with multiple vaceine
dilutions assays on the vaceines it wishes to test and the results of such
assays should provide:

- evidence of consistency in production and testing;

- evidence of a highly significant regression and justification of the
assumptions of linearity and parallelism of the dose-response curves;

- puidance for the selection of the single-dose system parameters
{number of animals and reference dilution level);

- a prediction of the behaviour of the single vaccine dilution system.

Ag explained further on, single-dilution comparisons can indeed be
extracted from the results of multiple vaccine dilutions assays by
comparing responses to an approprlate lower dosze level of the reference
with the responses to an appropriate higher dose level of the test
vaceine(s),

Separate validations will be needed for vaccines containing whole-
cell pertussis, for vaccines from different manufacturers and for different
contrel laboratories. Re-validation would be required upoen the
introduction of significant changes in elther production process
(e.g., purification, adjuvant, formulation) or testing method (e.g., animal
strain).

Furthermore, the control laboratery should continue to monitor the
validity of the evidence mentioned above. Therefore, before single vaccine
dilution assays can be used to release final vaccines manufactured from a
new batch of purified toxoid, at least one satisfactory multi-dilutions
assay should have been performed on an adsorbed vaccine prepared from that
purified toxoid. The szelection of the formulation for this multi-dilutions
assay should be such that all formulations are adequately represented over
a long period.

In practice, the following initiation and validation procedure is
propesed; data from a serles of 10 to 20 recent and consecutive multiple
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vaccine dilutions assays on relevant vaccines should be available for
study, These data should be used to determine whether the single dilution
approach is appropriate for the vaccines and the laboratory concerned.

Initiation consists of:

1. Providing evidence of conslstency of production and testing by
computing the mean potency and itz variance for each type of vaccine under
conslderation.

2. Providing evidence of a highly significant regression and
Justification of the assumptions of linearity and parallelism of dose-
response curves for the vaccines under study: the data should show a
highly significant regression in the majority of the assays and less than
20%2 rejections due to deviations from either linearity or parallelism.

3. Selecting single vaccine dilution system parameters!

From an estimate of the observed mean potency and mean slope, one can
derive the minimue number of animals likely to be sufficlient te asszure the
potency and to release a product of the observed mean potency. This can be
done by entering Table 1 or Graph 1 of this section at the observed mean
slope and potency levels.

Furthermore, the reference dilution for use in the single-dilution
test will be the dose of reference vaccine estimated to elicit a 10%
response.

Validation then consists of predicting the performance of a single
vaccine dilution system by comparing, in multiple vaccine dilutlons assays,
responses to an appropriate lower dose level of the reference with the
responses to an appropriate higher dese level of the test vaccine(s).

There should be less than 10% contradictory conclusions between the single-
and multl-dilutions systems,

sio

The most lmportant characteristic of any testing procedure Is its
capacity to distingulsh economically and expeditiously between potent and
sub-potent products., In this particular caze, there could be two major
consequences of incorrectly estimating potency: (1) the public
health consequence of releasing vaccines of lower than minimal potency;
and (2) the economic impact of failing te release vaccines of adequate
potency,

rror ularly associated with the zingle-dilutio t

As explained below, multiple vaccine dilutions assays provide certain
safeguards, Using a multiple vaceine dilutions assay allows to check "on
the spot” verification that the application of the parallel-line model to
the observed set of data was lepitimate,
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Inadequate slopes or deviations from linearity or parallelism can
have several causes;

- variation in the immune response within and between batches of
laboratory animals (it is, however, possible to limit, by proper
randomizations, the influence of variation within batches of
animals};

- errors in choice, preparation and administration of vaccine
dilutions;

- qualitative differences between the vaccines (e.g., between reference
and test vaccines),

As stated above, such "on the spot" checking is no longer possible in
the single-dilution assay and deviations of the above nature would go
unidentified and could lead to wrong decisions, i.,e.,, accepting batches of
inadequate potency or rejecting batches of adequate potency, A
quantitative estimation of the risk of making these types of errors can
only be obtained from previous experience with multiple vaccine dilutions
assays. Hence the need for an extensive study of the dose-response
relationship using multiple vaccine dilutions assays prier to the
introduction of the single-dose system. From this it can also be inferred
that the single vaccine dilution method 1s more suitable for manufacturers
or control authorities dealing with a restricted number of different
preparations on which experience has been gained.

Statistical error risk:

It must be clear that, in addition to the above-mentioned risks which
can be considered as gpecifically associated with the use of the single-
dilution system, the notion of classical statistical risks of making the
wrong decision (the so-called type I and type II errors) also applies to
single-dilution assays. These risks are not different from the ones
azsociated with multiple dilutions assays,

In this respect, type I error is associated with the risk of
obhserving a zignificantly higher response to the test vaceine dilution than
to the reference dilution, whereas, in fact, the test vaccine is not more
potent than the minimum required. This risk level is chosen by the
experimentor and is taken here as 2,.5% (the experimentor accepts the risk
that he may release 2,51 of the batches of insufficient potency). Since
the effect of the single vaccine dilution test is to provide 97.5%
assurance that the true potency of the test vaccine is higher than the
minimum required, type I error is far less than with the present multiple
vaccine dilutions asszay,

By contrast, type II error is associated with the risk of not finding
a significantly higher response to the test vaccine dilution than to the
reference dilution, whereasz, in reality, the test vaccine is more potent
than the minimum required. This risk level is inversely correlated with
the true potency of the test vaccine, with the slope of the dose-response
relationship and with the number of animals used. This correlation has
been studied wathematically and 1s illustrated in Table 1 and in the
corresponding Graph 1. An example of a practical conclusion for tetanus
would be that, having made the reasonable assumption that the slope 1s at
least 4 and having used 20 animals per product, in order to pass the test
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97.5% of times, vaccines will need to have a true potency of about 2.5
times the minimum required i.e., 100 JU/single human dose (150 IU for whole
cell pertussis containing vaccines), If the number of animals required
from Table 1 is used, the risk of a type II error is reduced to 2,5%,
Nevertheless, if a particular batch of vaccine does not satisfy the single-
dilution test, it could still be released on the basls of a auccesaful
multiple vaccine dilutlons assay.

A practical example

Table 2 shows the results obtained for tetanus vaccines in the
laboratory of one of the authotrs from ten multiple vaccine dilutioms
quantal assays in mice designed to encompass dilutions which could also be
evaluated by a single vaccine dilution system.

The following observations can be made:

1. In the multiple vaccine dilutions evaluation, all of the 17 test
vaccine batches pass, Potency estimates range from 65 (45-90) for DITE to
349 (280-448) for DITEPER (1,e.,, for a pertussis-containing vaccine) IU per
single human dose, Two of the assays (20%) had to be rejected because of
deviation from linearity, most probably caused by the high response of test
vaccines (Table 2, assays eof 19/12/89 & 10/09/90 show Chi-square values for
linearicy of 21,59 and 10,23 respectively which are larger than the
critical Chi-square values of 12,59 and 9,49 respectively),.

2. The observed mean slope Is 4.8 probits per log (10) unit.

3. When the mean slope value of 5 iz entered In Table 1 it can be
predicted that, when using e.g., 15 animals per group, vacclines of at least
2.3 times the minimum required potency (e.g., 2.3 x 40 = 92 IU/zingle human
dose for tetanus vaccine without pertussis) are expected to be released by
97.5% of the single-dilution assays,

4. To test the actual performance of the single-dilution system, the
reference dose of 0.73 microlitre, corresponding to 0.17 1.U. and yielding
an average protectlion of 9% was compared to the 2,13 microlitre doze of
test vaccine (1.42 miecrolitre for DITEPERY. These test vaccine doges
hypothetically contain 0.17 IU assuming the minimum required potency of

40 1U/0.5 w1l (60 IU/0.5 ml for DITEPER). Data and results are shown in
Table 3.

Pleaze note from Table 2 that in assay "10/01/89" the DITEPER test
vaccine was tested at slightly higher doses than it should have been,
therefore the 1.25 microlitre dose was chosen for the single-dilution
interpretation (14% less than the usual 1.42 microlitre dose). Slightly
higher doses were alsc used, this time for all vaccines, In the assays
"06/08/90" and "10/09/90"; for the single-dilution interpretation of these
assays the comparizon wasz made between 0,81 mierolitre reference and
2.35 microlitre test vaccine {(instead of the usual 0.73 and 2.13). It is,
however, falt that this was of ne practical importance.

Fischer's exact probability test (one sided) was used to test the
significance of the difference between the reszponszes of reference and test
vaccines.
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In the single vacceine dilution evaluations, twe out of seventeen
vaccines (l.e., 12%) falled tec provide the necessary potency assurance
(2/17 = 12%), calling for a retest: in the assay of 23/10/89, a DITE
vaccine gave 70 (53-91) IU/human dose, thus meeting the classical
requirements for potency, whereas in the single-dilution interpretation, it
gave 3/16 survival, i.e., a proportion not significantly superior to 0/16
obtained with the reference vaceine, Similarly, in the assay of 06/08/90,
a DITE vaccine had a potency of 65 (453-20) IU/human dose, whereas 1ts 8/16
survival was not significantly superior to the 3/16 proportion observed for
the reference. It 1ls noted that the upper potency limits of these two DITE
vaccines suggest true potencies below 90 IU/human dose. Therefore, the
abservations made in this practical example are not in contradiction with
the theoretical predictions made above, stating that vaccines should have a
true potency of at least 90 IU/human dose in order to be released by 97.5%
of the single-dilution assays. It would be advizable to use at least 20
animals per group in this situatlen.

It is also noted that the results of the twoe assays rejected because
of deviation from linearity and suggesting & high potency for the test
vaceines involved, were not contradicted by the single vaccine dilution
evaluation of the same tests.

The results described in this practical example taken from ten
tetanus assays involving 13 batches of TE or DITE vaccine and 4 batches of
DITEPER, indicate that the single-dilution approach is acceptable for the
type of products and the laboratory concerned. In view of the invariably
higher responses to the tetanus toxoid component of DITEPER vaccines in
mice (as opposed to TE and DITE vaccines without pertussis), it is felt
that the limited number of assays on this type of vaccine is sufficient for
validation of the single-dilution system.
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TABLE 1
MINIMUM POTENCY EXCESS FACTOR
Effect of slope and number of animals
Nr.anim./ Min. TRUE MINIMUM POTENCY EXCESS FACTOR**

vaceine response*  slope=2? slope=3 slope=4 slope=5 slope=6
10 81.7 % 12.39 5.35 3.52 2.74 2,31
15 70.0 % 8.00 4.00 2.82 2.30 2.00
20 59.8 % 5,82 3.24 2.41 2,02 1.80
25 54.0 % 4.91 2.89 2.22 1.89 1.70
30 49 .5 X 4.31 2.65 2.08 1.79 1.63
35 46.1 % 3.91 2.48 1.98 1.72 1.57
40 42.9 % 3.56 2,33 1.89 1.66 1.53

* The "Minimum TRUE response® iz calculated using the exact binomial
distribution corresponding to the number of animals considered. To yield
97.5% of OBSERVED responses leading to acceptance, a Test vaccine must have
a TRUE potency assoclated with this "Minimum TRUE tresponse®, given a TRUE
response of 10X for the Reference vacecine.

** The "MINIMUM POTENCY EXCESS FACTOR" relates to the potency associated
with the "Miniwum true response” and iz caleulated from the probit of the
"Minimum TRUE response"™ and the slope in probits per log(l0).

The "MINIMUM POTENCY EXCESS FACTOR” 1s to be multiplied by the
minimum required potency to yield the minimum TRUE potency which is
expected to be released in 97.5% of the assays; e.g., when one enterz the
table at a slope value of 4 and intends to use 20 animals per vaccine, a
Tetanus- or Diphtheria-Tetanus vaceine will have to contain at least
2.41 x 40 = 96.4 TU/single human dose. Inversely, when one has an idea of
the true potency of a given producer’s vaccine, one can divide this value
by the minimum required potency to obtain a "potency excess factor® to
enter Table 1, at & given slope value, and estimate the number of animals
needed for 97,5% release.
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GRAPH 1
(GRAPH 1. visualizes the data from TABLE 1.)
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TABLE 2. ASSESSMENT OF SINGLE-DILUTION ASSAY FROM MULTHIILUTION TETANUS POTENCY ASSAYS
Date vaccination : 1212/88  19/12/89 16/01/89 17101789 23:'01];9 /89 050685 231088 OBOBSRD 10/058/90

Ral(115u.5mD : DITE DITE e DITE DITE DITE DTE DiTE DITE DITE
ED-50 Rot inmet - 1,33 1,93 1,64 1.6 262 212 2,04 2 1,14 1,76
First st vace. | 1E TE TE DITEPER TE DITEFPER TE HTE DITE DITE
ED-50 X1 inmal ; 23 .08 0,88 0,64 1,89 0.7 1,64 329 2,01 1.24
Potency (iu/.5mi). 66,81 22576 1291 28563 153,18 34913 142,97 70,11 65,47 162,53
Lower fdl. . 46,97 172,23 144,02 220,08 12689 28025 107.51 52,75 45,03 121,37
Upper 6id. Em. : 81,81 30412 33942 381,26 20207 44830 181,62 80,82 90,12 22245
Eacond o8t vace.! TE TE DITEPER X TE DITEPER TE TE X X
ED-50 X2 mmd - 1.01 0,68 0,58 X 1,93 0,8 1.1 239 X X
Potency (RiLSmi): 151,25 32892 32428 X 156,04 305,69 212 96,56 X X
Lower fil. Em. : 1002 24544 211,75 X 1244 248,07 159,26 74,55 X X
Upper fid, U, : 213,35 457,39 5889 X 197,46 390,77 288,69 124,98 X X
Slope (Prob.fog): 3,76 4,94 3.07 5,35 6.86 €.01 4,44 5,58 378 4534
Chi-square Linearity . 7,31 21,35 an 6,56 14 3,33 8,83 9,76 2,29 10,23
Crivcat X»2 12,59 12,59 549 8,49 12,59 12,59 12,59 12,59 0,49 8,49
Chi-square Pamalielism : 2,38 473 266 D46 0,02 4.8 187 1,58 277 1,17
Crticat X2 5,99 509 £.99 3.84 5,99 599 £99 589 3.84 354
Nr.ofLD-50 : 42 &5 45 a9 61 54 48 notavail M 45
Reference DITE DITE DITE DITE DITE DITE DITE DITE DITE DITE
Dose 1 : 3,62 3.62 3.62 3,62 Te2 3,62 3.62 36?2 4 4
Tot. nr. gnimals : 16 15 15 12 16 16 16 16 16 16
Protected animnals: 14 15 12 12 13 16 18 14 16 16
Dorsa 2 : 213 213 213 213 2,13 2,13 2,13 2,13 235 2,35
Tob nr. ankhals ; 16 16 16 16 16 16 16 16 16 16
Protected animais: 13 9 1 12 5 7 7 g 15 9
Dose 3 ; 1,25 125 1.25 1,25 1,25 125 1.25 1.25 1,38 1,38
Tot . animats : 16 16 16 16 16 16 16 16 16 16
Protected animals: 9 3 ] 7 0 1 1 3 10 4
Dase 4 : 073 0.73 0.73 073 0,73 0,73 0,73 0,73 0,81 0.B1
Tot, nr. anmimais : 16 16 16 16 16 16 16 16 16 16
Protected animals : 2 ¢ a e 1] 0 1 Q 3 3
First fast vace. : TE TE T DITEPER TE DITEPER TE DITE DITE DITE
Dosa H 362 362 362 241 3,82 2.4 362 362 ° 4 4
Tot. ar, animals ; 16 16 16 16 16 16 16 16 16 16
Protected animals: 13 16 16 16 15 16 15 g 13 16
Dosa 2 : 213 213 213 142 2,13 1.42 2,13 213 2,35 2,35
Tot nr. enimals ; 16 16 16 16 16 16 16 16 16 16
Protected animals: ] 16 15 16 12 16 10 3 8 16
Dose 3 : 1,25 125 1,25 0,83 1.25 0,83 1,25 1,25 1,38 1,38
Yot fr, animals : 16 16 16 16 16 16 16 16 16 16
FProtactad animats: 1 n ] 1% 1 11 7 0 7 &
Dose 4 : 0,73 0,73 0,73 0,49 0,73 0.49 0,73 0,73 081 0,81
Tot ar. animals @ 16 16 16 16 16 16 16 16 18 16
Protaciad animats: Lt 5 € 4 0 2 1] 1 1 4
Second test vace.; TE TE DITEPER X TE DITEPER TE TE X X
Dose 1 : 3,62 362 362 X 3,62 241 a.62 3,62 X X
Tot. nr. animats : 18 16 16 X 16 16 16 16 X X
Protecied animals: 16 16 16 X 14 16 16 14 X X
Dxrse 2 : 2,13 213 213 X 213 142 213 2,13 X X
Tot. or. anknals ¢ 16 15 16 X 16 16 16 11+ X X
Protectod animals: 12 15 16 X 14 14 13 7 X X
Dose 3 : 125 1.25 1,25 X 125 0,83 125 1.25 X X
ToL hr. animals : 18 16 16 X 16 16 16 18 X X
Protected anknals: 12 18 13 X 0 7 9 0 X X
Dose 4 H 0,73 0,73 0,73 X 0.73 049 0,73 0,73 X X
Tot nr. animals : 16 16 15 x 16 16 16 16 X X
Protectad animals: 5 7 2 X 0 4 & 4] X X
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TABLE 3
SINGLE-DITUTION TESTS FROM MULTI-DILUTIONS ASSAYS*¥
Reference Test Test

Azsay vaceine vaccine 1 P-value* vaccine 2 P-value*
12/12/88 2/16 9/16 0.014 12/16 0.00055
19/12/89 0/16 16/16 1.7z10°° 16/16 1.7x10"7
10/01/89 3/16 16/16 1.6x107% 13/16 0.00066
17/01/89 2/16 16/16 2.5%10°7 None None
23/01/89 0/16 12/16 8.1x107% 14/16 2.5x%10°7
xx/xx/89 0/16 16/16 1.7x10"° 14/16 2.5x1077
05/06/89 1/16 10/16 0.0011 13/16 2,1x10°%
23/10/89 0/16 3/16 0.11l%* 7/16 0,0033
06/08/90 3/16 8/16 0.080**% None None
10/09/90 3/16 16/16 1.6x10%¢ None None

* P-values were calculated using Fisher’s exact test (one sided). One can
also make use of tables such as the "Tables for testing significance in a
2x2? contingency table" (Finney 1963) (see also Section F.2).

“% Since these P-values are > 0,025 the difference between reference and
test vaccine is not sipnificant.

*%% Data in this table are drawn from Table ? whereby the reference dose of
0.73 mel is compared to the 2.13 mcl dose of the tezt vaccine (1.42 mcl for
DITEPER vaccines), with the exceptions mentioned in the text.




BLG/92.1
Page 17

B.2 TESTS BASED ON QUANTITATIVE RESPONSES
(By Dr. P, Enight, Wellcome-Blotech, Langley Court, United Kingdom)

Tests based upon quantitative responses have the advantage that they
enable satisfactory results to be obtained with fewer animals and may
permit the assay of diphtheria in mice and of more than one DTP component
in & single group of animals. OQuantitative data may be obtained by
increased elaboration of challenge procedures or hy seroclogical evaluation
of vaccinated animals,

B.2.1 ASSAYS BASED ON QUANTITATIVE RESPONSES TO MULTIPLE VACCINE DILUTIONS

Prepare three or more dilutions in saline of an appropriate reference
preparation and three similar dilutions of each of the vacecines under test,
The choice of dilutions will depend upon the strain of guinea pigs and the
condition of the animals. Serial dilutions of each preparation should
conform te a twefold range, e.g., 1/20, 1/40, 1/80. 1If, however, the use
of such a range results in difficulty in ensuring that the mean responses
to all three dilution levels are, after appropriate transformation,
congistently within the linear portion of the dose-response range, the
scale interval should be reduced,

The particular dilutions used are selected in the light of experience
of local eonditions =zuch that the median dosze for each preparation testead
may be expected to produce responses close to the median of the linear
portion of the dese-response curve. For intradermal scores the response to
the median vaccine dilution corresponds to a score of 3 (see Section
B.2.3.1.1). For antitoxin titres the median vaccine dilution will depend
upon the sensitivity of the titration method used, but is likely to elicit
a toxin neutralization titre of approximately 0.05 IU/ml for both
diphtheria or tetanus in mogt instances. The number of animals allocated
to each dilution of vaccine should be sufficient to ensure that the upper
and lower 95X fiducial limits of the estimate of potency should both be
between 50% and 200X of that estimate.

When organizing the assay, animals have to be randomly distributed
over the cages. Secondly, proper randomization of treatments (dilutions
and preparations) is also essential. It can be achieved either by randomly
allocating different treatments to groups of animals In different cages or
by randemizing treatments within cages. In the latter case it is necessary
to identify each animal individually, A scheme for the identification of
animals by dye marking is shown in Section E. Since mice do not retain the
dyes as well as guinea pigs, it may be prudent to reinforce the dye marks
at the time of challenge.

Inoculate subcutaneously 1.0 ml of diluted vaccine into each guinea
pig (0.5 ml to each mouse). The response of each animal to the vaccine may
be determined 28 days after immunization for diphtheria by challenge with
multiple intradermal dosesz of toxin (see Section B.2.3.1.1) or by serum
neutralization in vero cell cultures (B.2.3.1.2) and for diphtheria and
tetanus by titration of the sera by Elisa and/or passive hemagglutination
methods (Section B.2.3.2). The analysis of results should be made by the
parallel line method (Section F.3),
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B.2.2 SINGLE VACCINE DILUTION TESTS BASED ON QUANTITATIVE RESPONSES

Principle

One group of animals is vaccinated with a single dilution of
reference vaccine and a comparable group 1s vaccinated with a single
dilution of the vaccine under test (it iz posaible to compare several test
vaccines to one reference during the same asszay). The method of detection
of vaccine-induced immunity remains the same as for the multiple vaccine
dilutions assay. Vaccine dilutions are chosen in such a way that, 1f the
test vaceine dilution induces a significantly higher Immune response than
the reference dilution it may be concluded that the test vaccine contalns
at leagt the minimum required potency. This inference can only be made if
satisfactory historical evidence is avallable to show that the regression
of response on dose is highly significant and to justify the assumptions of
linearity and parallelism of the dose-response relationship for all the
vaccines assayed in the test.

Selection of appropriate dilutions

For the reference vaccine: from histarical data select a dilution
which contains a number of International Units which is known to elicit an
immune response situated In the lower part of the dose-response curve (a
mean response of about 5 times the detectable titre in a serological test
oI a mean score between 1 and ? in a multiple intradermal challenge amsay
1s considered to be acceptable).

For the vaccines under test: by hypothesis, all test vaccines are
assumed to contaln the minimum required potency (i.e., per single human
dogse: 30 IU for diphtheria toxoid and 40 IU for tetanus toxoid or 60 TU 1if
the vaccine contains a whole cell pertussis component and 1s assayed in
mice)., Based on this value, a dilution Is selected which hypothetlically
containa the same number of International Units as the reference vaccine
dilution. If the test vaccine dilutien vields a significantly higher
immune response than the reference wvaccine dilution it can be concluded
that the test vaccine contalns at least the required minimum potency
provided that the earlier mentioned assumptions can safely be made.

Conduct of the test

The chosen dilutions of both vaccines are inoculated Into appropriate
numbers of animala, The number of animals needed to attain significance
can be calculated from the mean potency and precision data from previous
batches tested by the multiple vaccine dilutions assay.

When otrganizing the assay, animals have to be randomly distributed
over the cages. BSecondly, proper randomizatlon of vaccines is also
essential. 1t can be achieved either by randomly allocating different
vacclnes to groups of animzals in different cages or by randomizing vaccines
wichin cages. In the latter case It Is necessaty to ldentify each animal
Individually. A scheme for the ldentification of animals by dye marking is
shown in Section E. Since mice do not retain the dyes as well as guinea
pigs, it may be prudent to reinforce the dye marks at the time of
challenge.
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Animals are immunized by the same route, kept for the same period and
responges are evaluated In exactly the same way as in the corresponding
multiple vaccine dilution assay.

Data should be subjected to the same transformation procedures as are
applied to the corresponding multiple vaccine dilutions assays. The
significance of the extent to which the response to the test vaccine
exceeds that elicited by the reference preparation can be determined by
Student’s 't' test (Section F.4) or, if the variances of the groups are
found unequal, the Welch test,

B.2.2.1 IRITIATION AND VALIDATION OF A SINGLE VACCINE DILUTION TEST
PROCEDURE

Before adopting the single vaccine dilution assay system, the contrel
laboratory should have acquired adequate experience with multiple vaccine
dilutions assays on the type of vacecines it wishes to test, The results of
such assays should provide:

- proof of consiztency Iin production and testing;
- evidence of a highly significant regression of response on dose?:

- justification of the assumptions of linearity and parallelism of the
dose-response relationship for the vaccines under study.

Separate validations will be needed for vaccines containing whole-
cell pertussis, for vaceines from different manufacturers and for different
control laboratories. Re-validation would be required upon the
introduction of significant changes in either production process
(e.g., purification, adjuvant, formulation) or testing method (e.g., animal
strain).

Furthermore, the contrel laboratery should continue to monitor the
validity of the evidence mentioned above. Therefore, before single vaccine
dilution assays can be used to release final vaccines manufactured from a
new batch of purified toxoid, at least one satisfactory multi-dilutions
assay should have been performed on an adsorbed vaccine prepared from that
purified toxoid, The selection of the formulation for this multi-dilurions
assay should be such that all formulations are adequately represented over
a long period.

The following procedure is proposed:
1. Data from a series of 10 to 20 recent and consecutive multiple

vaccine dilutions assays on relevant vaccines should be available for
study.

¢ significant slopes should be easily attained for both diphtheria and
tetanus vaccines, When they are not, the cause is likely to be excessive
variation or inadequate immune response among the animals used. Variation
can be limited by choice of an inbred strain. Poor response can be
improved by use of a diet which by experience has been shown to support
maximal response.
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These data should show less than 20X rejections due to deviations
from either linearity or parallelism.

2, The data should be used to:

(a) determine whether a single vaccine dilution test is feasible for the
product and laboratory concerned:

(b) obtain an estimate of the mean potency and its variance for each type
of vaccine under consideration;

(e) obtain an estimate of the observed mean regression slope, its level
of significance and the mean range of fiducial limits obtained with
the product and by the laboratory concerned;

{d) derive from (b) and (¢), above, an estimate of the minimum number of
animals needed in the assay in order to release a product having the
"historically™ observed mean potency (see Section B.1.2);

(e) obtaln an estimate of the number of International Units of the
reference vaccine likely to be necessary to elicit the appropriate
minimal response. This will be the reference wvaccine dilution for
usge in the single vaccine dilution test;

(£) in order to wverify that the single vaccine dilution method is likely
to work, compare responses to the lower dilution levels of the
reference (which should be chosen so as to elicit a minimal response)
wlth the responses to the higher dilution levels of the te=st
vaccines.

Discussion

The mest important characterisztic of any testing procedure is its
capacity to distinguish potent and sub-potent products economically and
expedltiously. In this particular case, there are two major consequences
of incorrectly estimating potency: (1) the public health consequence of
releasing vaccine of lower than minimal potency; and (2) the economic
impact of failing to release vaccine of adequate potency.  The risk of
making both types of error is presented below.

Error yisk particularly ascecjated with the single vaceine dilution system

Using a single vaccine dilution assay does not allow for "on the
spot" checking for deviations from linearity and parallelism.

Deviations a

The underlying relationship between the toxin neutralization titre
and log dose of vaccine appears to be linear over a central range with
curvarture at the upper end as responses approach & maximum level. At the
lower end the responses that are recorded are constrained by the lowest
titre that can be measured. Ummeasurably low titres are usually assigned a
finite nominal value which imposzes an artificial lower asymptote on the
curve,
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Deviation from linearity may therefore occur:
1. because the doses cheosen include portions of the curve affected by

the upper or lower asymptote, It can be avoided by better choice of
dose levels;

2, when the response metameter chosen does not produce a linear dose-
response relationship. This problem can sometimes be alleviated by
appropriate mathematical transformation of the data;

3. when the sensitivity of groups of animals to the vaccine varies
either because the anlmals came from different batches or simply
because they are caged together for a long period. This problem can
be alleviated by proper randomization. However excessive animal
variation will =till blurr the dose-response relationship and make
the demonstration of significant potency superlority of the test
vaccine more difficult,

Deviations from parallelism may occur:

1. because the dose chosen for one preparation is on the linear portion
of the response curve but the other is affected by proximity to an
assymptote;

2, az a result of inadequate randomization asz deszcribed above;

3. as a result of qualitative differences between test and reference

vaccine. This effect is, for example, severe enough to preclude
comparlson between plaln and adsorbed vaccines.

As stated above such checking is no longer possible in the single
vaccine dilution assay and deviations of the above nature would go
unidentified and could lead to wrong declsions, i.e., accepting batches of
inadequate potency or rejecting batches of adequate potency. A
quantitative estimation of the risk of making these types of error can only
be cbtained from previous experlence with multiple vaccine dilutions
assays. Hence the need for an extensive study of the dose-response
relationship using multiple vaccine dilutions assays prior to the
introduction of the single vaccine dilution system. From this it can also
be inferred that the single vaceine dilution methed 1s more suitable for
manufacturers or control autherities dealing with a restricted number of
different preparations on which experience has been gained.

Statjistica o}

It must be clear that, in addition to the above-mentioned risks which
can be considered as specifically associated with the use of the single
vaccine dilution system, the notion of classical statistical risks of
making the wrong decision (the so-called type I and type II errors) also
applies teo single vaccine dilution assays. These risks are not different
from the ones associated with multiple vaccine dilutions assays. They are
fully discussed in Section B.1.2,
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B.2.3 EVALUATION OF QUANTITATIVE RESPONSES

Quantitative responses may be evaluated by toxin neutralization
methods and serological methods. Toxin neutralization tests are more
directly related to the measurement of protective immunity, but are limited
in their application. In vivo toxin neutralization tests can be performed
for both D and T but in vitro methods are avallable only for D.

Serological tests can be applied to all components but their speclficity is
dependent upon the purlty of reagents and the nature of the test,

B.2.3.1 TOXIN NEUTRALIZATION METHODS

Toxin neutralization tests on sera can be performed in mice for
tetanusd and in guinea pig or rabbit skin for diphtheria‘. However, the
cost in labour and animals In such tests renders assays based upon their
use less cost effective than quantal challenge assays and thelr use ls
recommended only feor the valudation of in wvitro methods,

Diphtheria responses in guinea pigs may be seml-quantitatively
aszessed by multiple intradermal challenge scores in which the level of
clreulating antitoxin for each guinea plg in the test is titrated in vive
to yield as much useful Iinformation as a full titration of its serum in a
further group of animals.

Diphtheria antitoxin in both guinea plg and mouse sera can be
titrated in Vero cells to produce similar results te the in vive toxin
neutralization tests, Furthermore, the =mall volume of serum required is
such that mice can be immunized instead of guinea pigs.

B.2.3.1.1 EVALUATION OF DIPHTHERIA RESPONSES BY MULTIPLE INTRADERMAL
SCORES

Twenty-eight days after immunizatien, shave and depilate the flanks
of all the guinea pigs, Prepare, not mere than one hour before use, a
dilution of a suitable® toxin containing 0.08 Lf units in 0.2 ml and
prepare from this a further series of five fourfold dilutions to contaln
respectively 0.02, 0.005, 0,00125, 0,00031 and 0,000078 Lf units in 0.2 ml.
The challenge doze levels chosen may be varied in the light of experience
with a toxin or strain of guinea pigs but should always be in a range of
fourfold steps.

Inoculate the six dilutions intradermally into s5ix separate sites on
each of the vaccinated guinea pigs in such a way as to minimize
interference between adjacent sites, which should be placed about 2.5 cm
from the spine and 5 cm apart in the followlng pattern:

3 European Pharmacopoeia, 1981, second edition, part 1I, second
fascicule, pp.91.1-91.3, Maison Neuve SA, 57 Sainte Ruffine, France,

4 European Pharmacopoela, 1981, second edition, part II, second
fascicule, pp.86.1-86.3, Maison Neuve, SA, 37 Sainte Ruffine, Prance.

A suitable toxin contains between 0,67 and 1,33 Lr and between
25,000 and 50,000 minimum reacting doses (MRD) for each Lf unit.
Preferably 1t should be freeze-dried. If liquid, it should have retained
the required toxicity for at least 2 years,
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Head of Guinea Pig

0.02000 Lf ’ 0.00031 1.f
0.00500 Lf ) 0.08000 Lf
0.00125 Lf ' 0.000078 Lf
N
E

Examine all injection sites 48 hrs after intradermal injection and
record the incidence of specific diphtheria erythema®. Determine the
number of injection sites free from such reactions on each animal as its
Intradermal Challenge Score., Tabulate together the intradermal challenge
scores for all the animals in each treatment group and use these data to
determine the relative potency of the test vaccine by parallel line
regression analysis (see Section F,3), 1t has been found that better
linearity of responses and more even distribution of variances 1s obtained
if the individual score data are transformed to thelr square or to arc sine
scoere/6. An assay 1s acceptable provided that (i) the dose-response
regressions of the test and reference preparations are linear and parallel,
and (ii) that the mean untransformed score for the lowest dilution group of
both vaceines is less than three and that of the highest dilution group is
greater than three.

B.2.3.1.2 POTENCY DETERMINATION IN MICE OF DIPHTHERIA TOXOID IN VACCINES
BY SERUM NEUTRALIZATION OF DIPHTHERIA TOXIN IN VERC CELL
CULTURES?
(by Dr J.G. Kreeftenberg, Dr J.W. van der Gun and
Dr C.F.M. Hendriksen, Laboratory for the Control of Bacterial
Vaccines, Rijksinstituut veor Veolksgezondheid en Milieuhygiene,
Bilthoven, The Netherlands and Mr J. Lyng, Laboratory for
Bielogical Standardization, Statens Seruminstitut, Copenhagen,
Denmark)

Introduction

It is possible to determine the potency of Diphtheria vaccines or of
diphtheria toxoid in combined vaccines in mice instead of guinea-pigs.
However, since mice are not sensitive to diphtheria toxin, challenge is not
possible, Thug, after Immunization of mice with dilutions of the reference
or test vaccine, serum samples are collected and examined for antibodies

% The test must be performed in albino guinea pigs. Specifie
Diphtheria erythems is best determined using natural light but not direct
sunlight. The animal should be held so that the light is directed into the
grain of its fur. Specific diphtheria erythema are rose-pink in colour
with incipient necrosis at high toxin levels. Orange-pink reactions are
usually attributable to hypersensitivity reactions but may co-exist with
true positiver,

7 A text similar to this section has been presented to the WHO Expert
Comelttee on Biological Standardization as document BS/89,.1613 Rev. 1.
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against diphtheria toxin (ot toxeld). Test systems such as Vero cell
cultures(l, 2), ELISA, and passive haemagglutination reaction in which the
antigen ig coated on erythrocytes may be used after such systems have been
validated,

The potency of the diphtheria component of the test vaccine can be
caleulated In relation to the reference vacecine from the dose-response
curves of reference and test vaccine. This document is Intended to provide
guldance for the assay of diphtheria antitoxin by serum neutralization of
diphtheria toxin in Vero cell cultures and for the calculation of vaccine
potency using the results of antitoxin titration. Certain technical
details of the experimental procedures are given for guldance purposes and
nead not necessarlly be followed strictly,

Four two-fold dilutions of the adsorbed diphtheria reference vaccine
and the vaccine under test are made in saline, Sixty-four mice weighing
10-14 grammes are divided by a randomization precedure inte twe
"preparations®-groups of 32 mice each and 8 "dose"-groups of & mice each.
The mice of each subgroup are immunized subcutaneously with 0.5 ml of one
of the reference or test vaccine dilutions. Five weeks after vaccination
all mice are bled individually under narcosis (ether or halothane). The
blood samples are successively incubated for 2 hours at 37°C and 2 hours at
+4°C and centrifugated for 20 minutes at 800 rpm for the purpose of
separating sera from clots. The serum samples are siphoned off,
inactivated for 30 minutes at 56°C and stored at -20°C until they are
tested individually for antitoxin content.

Vero cells

Vero cells are seeded in polystyrene cell culture flasks of 150 cm?
containing medium 199 supplemented with 10% newborn calf serum, 100 IU/ml
penicillin, 100 upg/ml streptomycin and 20 mg/l phenol red. After 6-7 days
a confluent monolayer is obtained, the culture supernatant Is discarded and
10 ml of a 0.25% trypsin selution in phosphate bhuffered zaline is added.
After 2-3 minutes at room temperature, the trypsin supernatant is discarded
and the monolayer is reincubated for 6-8 minutes at 37°C. Therecafter a
cell suspension is made by the addition of 10 ml of culture medium, The
Vero cell suspension is counted with a haesmocytometer using Turk staining
solution, Finally a cell suspension containing about 2.5x10° cells/ml is
prepared in culture medium,

Iest dose of toxin

The test dose of toxin is determined by incubating mixtures of 50 ul
aliquots of a dilution of reference serum for diphtheria antitoxin
containing 0.0001 IU, and 50 ul of, for example, four dilutions of
diphtheria toxin in wells of a flat-bottomed polystyrene microtitre plate
(Figure 1).

The plate iz incubated for one hour at room temperature for toxin
neutralization purposes. Thereafter 50 ul of the Verc cell suspensiocm
containing about 2.5x10° cells/ml is added to each well. The microtitre
plate is gently shaken, covered with adhesive polythene, and incubated for
& days at 37°. Colour change from red to yellow indicates the absence of
metabolic inhibition of the cells by the toxin. It is advisable to ensure
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by microscopic examination, at least in the initial tests, that the absence
of change of colour (i.e., the maintenance of red colour) of the medium in
Individual wells after Incubation correlates with the death of cells:
indeed, factors such as the unstieking of the acdhesive film may result in
an exchange of gas between wells and ocutside alr, thus preventing changes
in pH (and colour) to occur in spite of active metabolism. The lowest
toxin dose, which is able to induce 2z metsbollic inhibition in the preszence
of 0.0001 IU antitoxin is called the "Lm/10,000 test dose". In general the
Lm/10,000 doze of toxin corresponds to approximately 1x10°% LE£/50 wul.

Antitoxin titration

Except for wells All, Al2 and the cell control wells G-H11, G-H12,
all the wells indicated In the scheme below are filled with 50 ul complete
cell culture medium, In wells Al to AlO, Bl to Bl0 ete. twofold dilutions
of test sera are made. All the sera in columm no. 1 are introduced
undiluted whereas all wells in column no. 2 receive a 1/2 dilution etc.,
until column no. 10 in the wellsz of which 1/512 serum dilutions are
introduced. This is achleved through a multichannel micropipet using the 2
wells adjacent to each of Al to Hl, 50 ul being ultimately discarded from
wells AlQ0 to HI10.

A diphtheria antitoxin reference of 10 IU/ml iz diluted with complete
cell culture medium at a final concentration of 0.008 IU/ml
(0.0004 IU/50 ul)., Of this dilution 50 ul quantities are filled in the
wells All-Bll and A12-B12, With a 50 ul micropipet twofold dilutions are
made in wells Bll-12, Cl1-12 and D11-12 to obtain a dilution range of the
reference antitoxin from 0.0004-0.00005 IU/50 ul. Fifty ul are discarded
from wells D11 and DI2.

Fifty ul quantities of the toxin solution containing the test dose
are added to each well except G11-H11l, and Gl2-H12 (cell contral).

The plate is gently shaken, covered with a polythene seal and
incubated for ome hour at room temperature,

Then 50 ul quantities of the Vero cell suspension containing about
2.5x10° cells/ml are added to each well. The plate is gently shaken,
covered with a polythene zeal and incubated at 37°9C.

Beading of the test

After 6 days of incubation, results are registered. Colour change
from red to yellow indicates the absence of metabolic inhibition by the
toxin and thizs is due to the neutralization of the toxin by antitoxic
antibodies. Antitoxin titres are recorded in the form of a score which is
the number of the last well in which the colour of the liquid is yellow.
If all serum dilutions neutralize diphtheria toxin (mouse sera with high
anti-diphtheris toxin content), test sera should be assayed again after
further dilution, using preferably as first inoculum a 1/256 (28) or 1/512
{2°) dilution. In that case the log, of the dilution factor of the serum
dilutien introduced In the first well should be added to the score;

e.g., 1f the observed score 1s 4 and the preliminary dilution 1s 1/256 (28)
the final score is 4+8=12
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The control wells are used for the following purposes:

1. Wells All, Al2 to D11, D12 are almed at verifying that the La/10,000
dose has been correctly prepared; it 1z expected that after 6 days
no metabolic i{nhibition will occur in the first wells (i.e., the
colour of the medium will be yellow) whereas metaboliec inhibition
(red colour) will oeccur in the last wells.

2. It is expected that metabolic Lnhibhition (red colour) will ceeur in
wells E11, E12 and Fll, F12 (toxin control) in which no antitoxin has
been added.

3. Cells from wells G1ll, Gl12 and Hll, Hl2 {(control cells) where no toxin

or antitoxin has been added are expected to fully metabeolize
carbohydrates and thus to induce a change of coloutr to yellow,

Figure 1 1llustrates the plate system.

Calculation of potency

The potency of the test vaccine i{s caleulated by a parallel line
analysis as described in a number of text books, one of the most commonly
used books being that of Fimnney (3). For the present analysis the log,,-
values of the doses of vaccines injected into the mice are compared with
the log,-values of the individual gerum titres (the scores) obtained in the
Vero cell test, An example of a test, and a way of analysls and potency
calculation "by hand" is described in the Annex., The calculation can alsoe
be made by computer (section F.3).

It is important that the assay scheme is completely balanced with the
same number of doszses for test and reference vaccine and the same number of
mice for all doses. A single missing value might bhe replaced by a
calculated value (missing entry calculation) but several "holes" in the
scheme will make the calculations by hand diffiecult.

Reference ection B.2.3.1.2

1. Kreeftenberg, J.G. et al. An investigation of a mouse medel to
estimate the potency of the diphtheria component in vaceines.
J. Biel. Stand. 1985, 13: 229-234.

2. Kreeftenberg, J.G. et al., A mouse model to estimate the potency of
the diphtheria component in combined vaccines. Develop., Bieol, Stand.
64: 21-24 (5. Karger, Basel, 1986).

3. Finney, D. Statistical Method in Biological Assay. Charles Geoff and
Company Ltd,, London and High Wycombe, 3rd ed. 1978.
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Diphtheria antitoxin titration on vero cells in 8 microtiter
plate.
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ANNEX

Galculation by hand of gpelative potency

This Annex explains how to determine the relative potency of a
diphtheria vaceine on the basis of the resultas (Table 1) of the cell
culture assay for diphtheria antitoxin in the sera of immunized mice,

From the analysis of variance (Table 2) it 1s seen that the varlance
coefficient between doses (related to the slope) is highly significant,
This is important, If this is not the case the assay is not valid and
should not be used for potency calculation., The analysis of variances also
gives the error variance (sz) used in caleulating the confidence limits of
the potency.

The factorial analysis in Table 3 supplies wvarious factors for the
calculation of potency, slope and confidence limics (Tn, Tb' 2 and Bz) but
also more detalled examination of assay validity. The variance
coefficients for the various contrast (L, L,, L',, etc.) should preferably
not be significant except for L1, which 1s again a test for the slope, for
a significant dose-response relationship.

The nomenclature used for the contrasts In the factorial analysis is
taken from Finney, to which textbook reference is made for further

discussion of the statistical analysis.

The different contrast concerns;

Lo

difference between preparations;

L, - regression of dose-response lines;

L', - parallelism of dose-responze lines;

L, - combined curvature of dose-response lines;
L', - opposed curvature of dose-response lines.

For the contrasts of higher order occurring In (4,4)-dose or higher
it is not easy to give similar meaningful designations.

- Log relative potency M — 3xdxTa  35x03010x (1) _ _0.0687
Tb 241

(where d = difference between successive logarithmic doses and T, and T, are
taken from Table 3.)

Expected potency for test preparation (from Table 1): 50 ul = 13.6 IU or a
potency of 272 IU/ml {from Table 1).

R = antilog M = 0.8537 x 272 = 232 IU/ml.

b (the slope) = b - 241 - 5,004

nxdzx 20 2 x 0.3010 x 20
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Students t for 56 4. f, = 2.0

- Sy the variance of the potency estimate, is ¢alculated as shown below,
The s° used 1s taken from Table 2 and the D? and B2 values from Table 3.

-5t (4/M (1 + __ D2 )) = 1.654 (L& (1 + 1.89066 ))
p2 62.42,2 25.04 64 181.5031 - 1.654 x 4
- 0.004173
- sy = 0.0646

- 95% confidence limits =+ ¢t x 5, =+ 2 x 0.646 = + 0.1292
antilog (+ t x 5,) = 0.74 - 1,35 (or 74% - 135%, or 172 - 313 IU/ml),

Calculation

Both the formula for M and that for b and the factorial coefficients
depends on the number of doses used for each preparation. General formulae for
a (k,k)-point design are;

For k even: M = 2 . Ta h = IxTy
3be Hx(k2-1)xd
For k odd;: M =dx (k¥ - 1) x Ta b - 12Ty
6 x Ty Nx (k2 -1y xd

The formulae for the most commonly used designs are thus:

Design: {2,2) {3,3) (4.,4)
M d x Ta 4 % d x Ta 5 xdx Ta

ty, 3 x T, Tb

b b 3xT, T
—b,_,.,.,.,.
Nxd 2x Nxd SxNx d

where T  and T, as well as D? and B? are estimated from a factorial analysis

similar to the analysisz in Table 3, but with different schemes of factorial
coefficients.
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The factorial schemes for (2,2) and (3,3) designs are:
(2.2) degign:
Contrasts Factorial coefficients Divisor
for doses
51 52 TL T2
Ih -1 -1 1 i3 4 n
L1 -1 1 -1 1 4 n
L'1 1 -1 -1 1 4 n
3.3 e
Contyasts Factorial coefficients Diviser
for doses
51 52 53 Tl T2 T3
Lh -1 -1 -1 1 1 1 &n
L, -1 0 1 -1 0 1 4 n
L, 1 0 -1 -1 10} 1 4 n
1? 1 -2 1 1 -2 1 12 n
L', -1 2 -1 1 -2 1 12 n
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TAELE 1

atsg otend al YOm A - SA

Scores* of sera from mice incculated with varylng amounts of:

Standard vaccine Tezt vaccine

Doses: 1.7 IU 3.4 IU 6.8 TU 13.6 IU 6.25 ul 12.5 ul 25 ul 50 ul

81 59 8q 54 T Ta T3 T4
1 2 4 8 1 3 2 6
4 2 5 7 3 3 3 6
1 1 4 5 1 3 3 6
3 3 & 4 3 4 4 3
1 2 4 6 0 3 6 4
0 5 5 7 0 2 7 7
2 2 6 ) 0 3 4 7
1 4 7 5 1 2 5 6

Sum 13 21 41 47 9 23 34 45

(Td)

Grand total = 233 Total number of sera (N) = &4

. 2332
Adjustment for means = 222 = 848,2656
64

* None of the scores exceeds 10 since in this assay design each individval
mouse serum could be tested in a number of wells not greater than 10.
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TABLE 2
nalysis of variance obse Q
Nature of wvariation d.f. Sum of Mean Variance P
of totals/8 squares square coefficient
Between doses 7 188.1094(1) 26 _8728 16.2471 0.001
Error 56 92,6250 1.6540=a2
Total 63 280.7344(2)

(1) 13242124

. + 452.848 26656 * = 188.1094

(2) 124424124

* Adjustment for

. 72472462-848,2656 * = 280.7344

mean from Table 1
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B.2.3.2 SEROLOGICAL. METHODS APPLICABLE TO THE DETERMINATION OF
DYPHTHERIA AND TETANUS ANTIBODIES
(by Dr P. Knight, Wellcome Biotech, Langley Court, United
Kingdom)

Many serological methods have been proposed for the titration of
Diptheria and Tetanus antibodies. However, the majority of laboratories
that use such tests employ either Passive Haemagglutination or Enzyme
Linked Twmuncadsorbent Assay (ELISA) methods.

B.2.3.2.1 ELISA METHODS (GENERAL)

Intreduction

ELISA methods for titration of antitoxin depend upon the successzsive
binding te a solid surface of analytes and specific immunological reagents,
the last of which is conjugated to a suitable enzyme. When a chromogenic
substrate iz placed in contact with the coated surface, a coloured product
ls released in proportion to the amount of enzyme bound to it. At each of
the successive additions, the amount of reagent or analyte bound is
directly proportional to the amount of the previous analyte or reagent
bound and te its concentration in the test solution over a limited range
above which no further binding ocecurs., It is important therefore to ensure
that the analyte is added at a concentration well within the range over
which the amount bound will be linearly dependant on concentraticn and that
all other reagents are present in moderate excess but not sufficient to
allow non specific binding. To ensure this, the working concentrations of
all the analytes and reagents must be carefully optimized before adopting

an ELISA. The guildelines given in the following sections will assist, but
will not replace, the process of optimization. The following notes
describe some methods which have been found effective for performing the
several steps in ELISAs of sera. They do not claim te be exhaustive.

Bazal surface

Either rigid polystyrene plates or flexible FVC plates are in
principle suitable, Toxinsz and toxoids are satiszfactorily bound at pH 9.6
using 0.05 M Carbonate-Bicarbonate buffer. Antisera may be bound at lower
pH {(e.g., physiological) levels. It is prudent to test the binding
efficiency of each new batch of plates received from the manufacturer and
to periedically verify that binding (both specific and non specific) is
uniform across the entire surface of the plate.

Washipng, blocking and diluent buffers

Once the initial reagent has been bound to the plate, it iz lmportant
to ensure that further reagents are not allowed te bind other than by
immune adherence. Non-specific adhesion is reduced by inclusion in the
buffer of a high concentration (5 g/l) of an irrelevant protein: Bovine
Serum Albumin (BSA) or Casein are commonly used to occcupy any remalning
sites on the adherence surface; a detergent (usually Tween 20 at
0.5 ml/litre) is also used in order te inhibit the adherence of hydrophobic
molecules. Some laboratories include both BSA or Casein and Tween in all
diluents and wash solutions. Other laboratorles (see Section 2.3.2.1.1
below) use such a relatively expensive solution only as a reagent diluent
whereas they use slmpler solutions for washing.
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Plate washing methods

Plates are washed at the end of each incubation period before the
addition of the next reagent or analyte is made; the quality of the finsal
result is dependent on the efficacy of the washing procedure. At least
three methods of washing plates are in common use,

1. Flate washers

These are relatively cosatly Iltems of equipment that will
automatically wash plates by repeatedly filling and emptying each well,
according to a programmable sequence of repeat washes and standing times.
Careful adjustment of the head clearances and frequent checks that no jets
are blocked are esgentlal to the satisfactory operation of these machines,

2. Fountaln washers

Each well of the plate is washed with a jet of wash solutien for
several seconds., The large amounts of solution used dictate that a cheap
solution such as Tween 20/water is used. As with the automatic washers,
frequent verification that all jets are working correctly is essential.

3. Hand washing

Each well is filled with 170-200 microlitres of wash buffer using a
multi channel dispenser, Allowed to stand for 1-3 minutes, the contents
are shaken out and the plate is banged dry against an absorbent paper
surface. The procedure should be repeatad three times, It is ilmportant
that the absorbent paper should be renewed frequently and particularly at
the end of each wash cycle to aveid discarded reagent splashing up on to
the washed plates and causing false positives.

Additcion of conjugates

Bound antibody may be recognized by anti-species antibody conjugated
either directly to horseradish peroxidase, to alksline phosphatase or to
biotin which may then be recognised by avidin/horseradish peroxidase
complex if additional sensitivity is required,

The most convenient sources of conjugates are commarcial producers.
However it is wisze to be sceptical about claims of specificity and to check
each new batch of conjugate for non specific binding to an ELISA stack from
which the analyte 1s absent - a form of blank that should be included on
every plate in every assay. If the blank has an 0D of more than 0.05
relative to unreacted substrate solution, sugpilcion should first be
directed at the conjugate. Sometimes it is possible to improve a conjugate
by affinity chromatography using columns made of test components but it is
usually easier to seek an alternative batch or supplier.

It is alsoc prudent to check the optimal dilution: the dilution of
conjugate chosen will depend upon the choice of substrate (for example a
peroxidase conjugate that is diluted 1/5000 for use with orthophenylene
diamine should be diluted 1/20000 for tetramethylbenzidine) and the
operating range. To obtain maximal contrast between very low and zero
titres, it is necessary to use a very dilute conjugate but the plot of OD
on serum dilution is linear over a wider range of dilucions if higher
concentrations of conjugate are used,
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The classical concept of an ELISA assumes that the bound antibody is
recognized by an anti-species conjugate. However this may be varied in two
ways, [lrstly by the use of amplifiers such as Blotin Avidin, an example of
which {3 seen in 2.3.2.1.1 below. Amplifieras increase the number of enzyme
molecules that can be bound to a single molecule of antitoxin and can
therefore improve the gsensitivity of the test. Secondly, the enzyme may in
some instances be conjugated with reagents other than antl-species
antibody. In the ToBI test (2.3.2.1.1), for example, the toxin which is
free to bind 1s recognized by an anti-tetanus antibody conjugate. However
there is no reason why the toxin itzelf should not be directly conjugated
to enzyme.

Chojce of substrate

A wlde range of chromogenic substrates are avallable for both
alkaline phesphatase and horseradish peroxidase. Many are carcinogenic or
are liable to spontaneous hydrolysis.

0f the substrates available for horseradish peroxidase,
tetramethylbenzidine (TMB) is non carcinogenic, stable in the absence of
traces of metal ions and requires lower levels of conjugate than many other
substrates.

Incubation with substrate

The test should be optimized in such a way that target optical
density levels are attalined 15-30 minutes at 37°C after addition of
substrate. If colour generation iz stopped at an earlier point, errors are
likely to result from edge effects if the incubation is performed at 37°C
or due to time lags I{n substrate addition if incubation is performed at
room temperature. Furthermore such rapid appearance of colour means that
sensltivity is suboptimal and that samples could have been further diluted
with benefits to the signal to noise ratio of the test,

Incubation times longer than 30 minutes at 37°C should also be
avoided because of the slow aceretion of colour in blank wells. At room
temperature, longer incubation periods may be allowed.

Plate lavout and rea

It 1z important that blank wells should be included on every plate,
For most ELISAz, the blank well should have received avery reagent except
the test sample. For the ToBI test however the toxin should be omitted.

Most ELISA readers are programmed to expect blank wells in the left
hand column of each plate and to deduct the blank OD from each sample
reading. It is also important that each plate should include a range of
dilutions of an ELISA reference serum which 1z as represzentative as
possible of the samples being tested,

It is recommended that each test sample should be tested at a range
of dilutions to ensure that the working range of optical densities (OD)
(see below) is adequately covered.

A multichannel ELISA reader greatly facilitates the evaluation of
ELISA results but single well readers are quite adequate for small numbers
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of plates, It is just possible to assess ToBI endpoints by eye although an
optical density reading yields better precision.

Calculation of serum titres

These calculations describe the determination of the titre of animal
sera, Lrrespective of whether they are derived from animals vaceinated with
test or reference vaccine.

It iz desirable that titres should bhe expreased in relation to the
ELISA reference serum, which should be represented on every plate in order
to avoid errors arising from titration of sera on different plates or at
different times.

Release of colour in an ELISA test is theoretically directly
proportional to the concentration of antibody in the sample. However,
since dilutions are invariably made on a log scale, the most appropriate
linear response is log.0D on log dilution (Figure 1Y%, It is important
that only those 0D values which fall within the range of the linear part of
the chosen curve are used to calculate titres®,

If multiple dilutions have been prepared from both test and ELISA
reference sera, the relatlve activity of each serum may be obtained by
parallel line regression analysis.

1f this is not possible, a standard curve should be dravn from the
ELISA reference serum data on each plate and the activity of the test serum
dilution should be determined by interpolation, If data from more than one
dilution falls within the linear range of the standard curve, separate
estimates of the titre of the serum should be obtained to allow an estimate
of error on the determination (Figure 2).

It is not advisable to use unmodified Q0D data as an estimate of
titre.

Discussion

ELISA methods form a highly versatile range of assay methods which
can be selectively directed toward nmeutralizing antibodies. Three examples
of ELISA methods are described in the following sections: ToBI, Direct and
Capture.

A schematic presentation of each method is illustrated on pages 40
and 41.

® The slope of the linear relationszhip starts to decline due to
asymptotic effects soon after 502 of maximal response is reached and a
gquasl linear relationship between the absolute OD and log dilution 1s Found
in the middle of the response range. Some laboratories prefer to basge
their calculations on this relationship.

? This can be done by hand calculation or by using a curve fitting

program, Such a program is available fxom Dr F. Marsman, RIVM, Bilthoven,
The Netherlands (Section F,3),
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FIGUERE 1

STANDARD DOSE-RESPONSE CURVES FROM ELISA
ASSAYS OF D OR T ARTISERA BASED UPON LGG OD VALUES
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CALCULATION BY HAND,FROM ELISA DATA OF
RELATIVE TITRE OF A D OR T ANTISERUM

\<;;: Calibration line from ELISA reference serum
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CALCULATION OF SERUM 1

Pilution OD Log.OD Log.Dr* Log.Dy* Log.RT RT
1/20 0.300 -0.52 -241 -1.3 -1.11 0.078
1/40 0.133 088 -2.78 -1.6 -1.18  0.066
1/80 0.080 -11 -3.0 -1.9 -1.1 0.079

Mean RT 0.074

* D, Dilution of serum 1.

#*+ Dy: Dilution of ELISA reference serum corresponding to observed
fl log OD for serum 1
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FIGURE 3

Schematic presentation of direct,
capture and ToBI! ELISA
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Symbols used for schematic presentation
of ELISA systems.

bistin  enzyme labal Streptavidin-biatinylated Tetanus and Diphtheria
horseradish peroxidase-complex  Toxin or Toxoid

€ x

Test sample antibodies anti species antibody Tetanus and Diphtheria
antibodies used as reagents
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B.2.3.2.1.1 DIRECT ELISAs

Introduction

This Direct ELISA is based upon adherence of toxin or toxoid to PVC
plates at pH 9.6, Piluted samples of antisera are bound to the antigen and
recognized by conjugate bearing horseradish peroxidase. The bound enzyme
hydrolyses tetramethyl benzidine which turns blue and then yellow when the
reactlon is stopped by the addition of acid.

The specificity of a direct ELISA is dependant upon the purity of the
antigen used to coat the plate. Good results have been obtained by the
author with highly purified tetanus toxin (>2000Lf/mg PN). Results with
diphtheria toxin at 2000 Lf/mg PN and Tetanus toxold at 1500 Lf/mg PN have
been less gatisfactory.

Direct ELISAs involve fewer steps than TeBl or Capture methods and
are hence quicker to perform and tend to give clearer results, However,
they are lpherently incapable of distinguishing between neutralizing and
non-neutralizing antibodies and their specificity is totally dependant on
the purity of the antigen preparation used to coat the plate,

Egujpment

96 well ELISA plates

Multichannel plate reader

12 channel adjustable pipettes 10-100 wicrolitres
Disposable tips for above

96 well plate dispenser

Absorbent paper

Flexible plastic film

Reapgents

Purified diphtheria toxin or toxeid (2000 Lf/mg PN)
Purified tetanus toxin (>2000 Lf/mg PN)

ELISA Reference serum pool, typical of samples to be tested, which
should have been titrated by toxin neutralization 1f titres of sera
are to be expressed in IU.

0.05 M Carbonate Blcarbonate buffer pH 9.6

ELISA buffer, 0.5 % Casein or Bovine Serum Albumin (BSA), 0.05%
Tween 20 In phosphate buffered saline pH 7.2.

Commercial Conjugates, Horseradish Peroxidase/anti human, mouse or
Euinea pig as required.

Tetramethylbenzidine tablets plus diluent (Wellcome): for
alternative source see B,2,3.2.1.3 below.

2 M Sulphurie acid
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Hethod

4(a)

4{b)

10.

11,

12.

In a1l well=, dispense 100 microlitres of purified diphtheria or
tetanus toxin, 2.5 Lf/ml in 0.05 M Carbonate/Bicarbonate buffer
pH 9.6. Seal with plastic film and place at 37°C overnight.

Wash the plate three times in ELISA buffer (0.5% Casein or BSA, 0.05%
Tween 20 in phosphate buffered saline pH 7.2).

Dilute samples and ELISA reference sera in ELISA buffer according to
expected titre.

Az a rough pgulde: If expected titre < 0.1 IU/ml, dilute 1/10
If expected titre 0,1-2 TU/ml, dilute 1/100
If expected titre » 2 IU/ml, dilute 1/1000

Load samples onto plate (it is assumed that columns on the plate will
be numbered 1-12 from the left and that rows will be labelled A to H
from the top).

If the titre of the samples is totally unknown dispense

100 microlitres of the first sample into wells A2 and B2 and repeat
for the other samples in wells A and B of columns 3-11. Dispense
100 microlitres of diluted ELISA reference serum into wells Al2 &
Bl2. Serially dilute down on columns 2-12 of the plate from B to H.
The volume moved each time will be 100 microlitres and

100 microlitres will be discarded after well H,

If the titres of the sera are approximately known, wells in row E,
2-12 should be left empty and samples of ELISA reference serum
dispensed into wellz E & F before being serially diluted from B to D
and from F to H.

Incubate the plates at 379 for 1 hour,

Wash plates 3 times with ELISA buffer.

Add 100 microlitres antl specles conjugate diluted 1/40,000 in ELISA
buffer.

Incubate plates at 37°C for 30 minutes.
Wash 3 times with ELISA buffer.

Add 100 microlitres TMB substrate to each well (1 tablet + 5 ml
discilled water + 5ml diluent per plate).

Incubate at 37°C until blue colour shows maximum contrast over blank
wells (column 1).

Stop chromogenic resction by addition of 25 microlitres 2M H2504.
{(Colour changes from blue to yellow).
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13. For TMB read colour density at 450 nm'®, subtracting the blank
values automatically.

14. Calculation of serum titre=s

Base calculations on readings between OD 0,05 up to the limit at
which the log OD ias linearly related to log dilution. This is the
working range.

If a linear regression analysis computer program is available use it
to relate the titre relative to the ELISA reference serum.

1f no such program is available:

Plot the standard curve from the ELISA reference serum on each plate.
Fit the best straight line to the linear portion of the log OD/log
dilution cutrve and determine the range of OD values over which the
curve is linear (see Figure 2 in Section B,2.3.2 for an example):

- for the first serum log dilution (log D,) giving a log OD value
located on the working range of the dose-reszponse curve: find by
interpolation the log dilution of ELISA reference serum (log D)
which would give the same OD;

- determine the log ratio of sample titre over ELISA reference titre
(RT) as (leg D, - log D.);

- in the same way, determine values for RT based upon all dilutions
(D) of the sample giving results within the working range. If a
value in IU is required, the titre of the serum is the antilog of the
mean RT wvalue multiplied by the titre of the reference serum.

15. Tabulate mean RT values for the test sera from each treatment group
in the original bhiocasszay and use these without further transformation
to estimate the potency of the test vaccine relative to the reference
vaccine preparation by parallel line analysis (see Section 4.3 of
this Manual).

B.2.3.2.1.2 CAPTURE ELISA

Introduction

Unlike the direct ELISA the capture ELISA relies for its specificity
upon the use of a monoclonal antibody to selectively coat the plate with
specific toxold molecules, even when the antigen preparation is relatively
crude. Furthermore by using a non-neutralizing monoclonal antibedy to
capture the antipgen a substantial proportion of the non-neutralizing
epltopes are directly or sterically prevented from binding their
corresponding non-neutralizing antibediez from the test sample. The
capture ELISA is therefore to some extent able to selectively percelve
neutralizing rather than non-neutralizing antibodies, As a result use of a
capture ELISA results in much more accurate reflection of toxin

0 Some ELISA readers express density as difference between OD at two
wavelengths to avoid distortions from well optics. For such machines use
690 NM as the second wavelength.
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neutralization titre for diphtheria. The improvement in correlation for
tetanus Is less marked although correlation coefficient values for capture
tests have been almost invariably found to be slightly higher for capture
ELISAs than for Direct or ToBIL.

Capture ELISAs give lower OD values and are generally less preclse
than thelr direct counterpartz, They are not as good as ToBI for titration
of very low titre antisera but are better correlated wicth toxin
neutralization titres 1f sera contain more than 0.1 IU/ml,

Eguipment

96 well ELISA plates

Multichannel plate reader

12 channel adjustable pipettes 10-100 microlitres
Disposable tips for above

96 well plate dispenser

Abzorbent paper

Flexible plastic film

Reagents

Non-protective diphtheria Monoclonal antibody pTO5 "

Non-protective tetanus Monoclonal antibody TTO4M

Purjfied diphtheria or tetanuz toxoid

ELISA Reference serum pool, typical of samples to be tested, which
has been titrated by toxin neutralization (only if titres of sera are
to be expressed in IU)

0.05 M Carbonate Bicarbonate buffer pH 9.0
ELISA buffer, 0.5% Casein or BSA, 0.05% Tween 20 in phosphate
buffered saline pH 7.2

Commercial Conjugates, Horseradish Peroxidase/anti human mouse or
guinea plg as required.

Tetramethylbenzidine tablets plus diluent (Wellcome); for alternative
source see B.2.3.2.1.3 below.

2 M Sulphuric acid

Method

1. Dispense 100 microlitres of non-neutralizing monoclonal antibody
50 micrograms/ml in 0,05 M carbonate/bicarbonate buffer pH 9.0; seal
plates with plastic film and place at 37°C for 4 to 16 hours,

2. Wash plates 3 times in ELISA huffer,
3. Add purified diphtheria or tetanus toxeid 2.5 Lf/ml.
4, Incubate plate at 37°C for 1 hour.

" Originally developed by Wellcome-Blotechnology, Langley Court, UK
and made Internatlonally avallable through the National Institute for
Biologlical Standards and Control (NIBSC), Potters Bar, United Kingdom.
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3. Wash plates 3 times in ELISA buffer.

6, Dilute samples and ELISA reference sera in ELISA buffer according to
expected titre.

Az a rough guide: If expected titre «0.1 IU/ml, dilute 1/10
If expected titre 0.1-2 IU/ml, dilute 1/100
If expected titre »2 IU/ml, dilute 1/1000
72 1load samples onto plate (it is assumed that columns on the plate will
be numbered 1-12 from the left and that rows will be labelled A to H
from the top.

7(a) If the titre of the samples 1s totally unknown dispense
100 microlitres of the first sample into wells A2 and B2 and repeat
for the other samples in wells A and B of column 3-11. Dispense
100 microlitres of diluted ELISA reference serum into wells Al2 &
B12., Serlally dilute down on columns 2-12 of the plate from B to H.
Volume moved each time will be 100 microlitres and 100 microlitres
will be discarded after well H.

7(b) If the titres of the szera are approximately known, wells in row E,
2-12 should be left empty and samplez of ELISA reference serum
dispensed into wells E & F before being serially diluted from B to D
and from F to H.

8. Incubate the plates at 37°C for 1 hour,

9, Wash plates 3 times with ELI5A buffer.

10. Add anti species conjugate diluted 1/40000 in ELISA buffer.

11. Incubate plates at 37°C for 30 minutes.

12. Wash 3 times with ELISA buffer.

13. Add 100 micrelitres TMB substrate to each well (1 tablet + 5 ml
distilled water + 5 ml diluent per plate).

14, Incubate at 37°C until blue colour shows maximum contrast over blank
wells (column 1).

15, Stop Chromopgenic reaction by addition of 25 microlitres 2M H 504
(Colour changes to yellow),

16. For TMB read colour density at 450 nm'3, subtracting the blank
values automatically,

12 411 steps from the addition of the serum samples are identical to
the Direct ELISA method described in B.2.3.2.1,1 above.

3 gome ELISA Readers express density as difference between QD at two
wavelengths to avoid distortions from well optics. For such machines use
690 nm as the second wavelength.
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17. Calculation of serum titres

Buse calculations on readings between OD 0.05 up to the limit at
which the log OD is linearly related to log dilution. This iz the
working range.

If a linear regression analysis computer program“‘is available use
it to relate the titre relative to the ELISA reference serum.

If no such program is available:

Plot the standard curve from the ELISA reference serum on each plate,
Fit the best straipght line to the linear portion of the log OD/log
dilution curve and determine the range of 0D values over which the
curve is linear (see Figure 2 for an example)‘s:

- for the first serum log dilution (D,) giving a log OD value located
on the working range of the dose-response curve: find by
interpolation the log dilution of ELISA reference serum (D) which
would give the same 0OD;

- determine the log ratio of sample titre over ELISA reference titre
(RT) as (log Dy - log D.);

- determine values for RT based upon all dilutions of the sample giving
reszult to within the working range in the same way. If a wvalue in IU
is required, the titre of the serum ls the antilog of the mean RT
value wultiplied by the titre of the reference serum,

18. Tabulate mean RT values for the test sera from each treatment group
in the original bicassay and use these without Ffurther transformation
to estimate the potency of the test vaccine relative to the reference
vacclne preparation by parallel line analysis (see Section F.3).

% The program proposed in Section F.3 is not suitable for this
purpose, unless the ELISA titration has been performed in replicate,

* This can be done by hand caleulation or by usging a curve fitting

program, Such a program is available from Dr F. Marsman, RIVM, Bilthoven,
The Netherlands,
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B,2,3,2,1.3 ASSAY FOR POTENCY OF VACCINES CONTAINING D AND T ADSOBBED
TOXOID USING THE TOXIN BINDING INHIBITION TEST (ToBI) AS A
SECONDARY METHOD FOR MEASURING THE ANTITOXIN RESPONSE
(by Dr C.F.M. Hendriksen, Dr J.W, van der Gun, Dr F.R, Marsman,
Pr H.J.M. van de Donk and Dr J.G, Kreeftenberg, Laboratory for
Control of Biological Products, National Institute of Public
Health and Environmental Protection, Bilthoven, The
Netherlands)

trod

According to the WHO Requirements for diphtheria, pertussls, tetanus
and combined vaccines (revised 1989) (1) zerological methodz may be
employved to assess the potency of vaccines containing diphtheria and/or
tetanus toxoid, Thus, in a parallel line assay groups of animals are
immunized with dilutions of either the reference or teat vacecine and after
a certain Interval of time, animals are bled and individual levels of
antitoxin are determined by means of in vitro metheds such as (diphtheria)
toxin neutralization test in cultures of Vero c¢ells, Toxin Binding
Inhibition (ToBI) test, passive Haemagglutination or ELISA, The potency of
the diphtheria or the tetanus component of the test vaceine can be
expressed in terms of the reference vaccine based on the comparison of
respective dose response curves, If the reference preparation has heen
calibrated against the corresponding international standard the relative
potency can be expressed in International Units.

This dogument is intended to provide guidance for the aszay of
diphtheria or tetanus antitoxin by ToBI test and for the calculation of
diphtheria or tetanus vaccine potency based on antitoxin results. The ToBI
test is based on the inhibition by antitoxin of the binding of toxin to an
antidiphtheria or antitetanus IgG coated immuncassay microtitre plate (see
schematic representation on pages 40 and 41).

Additional information on the ToBI test with regard to materials used
and the procedure of biotinylation of antitetanus TgG and antidiphtheria
IgG is given in Annmexes I and IT.

Immupnization of mice

Four twofold dilutions of the adsorbed (diphtheria or tetanus) toxoid
reference preparation and the vaccine under test are made In saline;
altogether 64 mice of the same sex weighing 10-14 grams are subdivided into
8 subgroups of & anlmals each, The mice of each subgroup are immunlzed
subcutaneously with 0.5 ml of the reference or test vaccine dilutions, Five
weeks after vaccination all mice are bled individually under apprepriate
narcesis from the retro-orbital plexus. Blood samples are successively
incubated for two hours at 37°C and two hours at +4%C and centrifugated for
20 minutes at 800 rpm to szeparate sera from clots. The serum samples are
siphoned off, inactivated for 30 minutes at 56°C and stored at -20°C until
they are tested individually fer antitexin content.
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Antitoxin titration

- Preparation of toxin-antitoxin mixtures

A flat- or round-bottomed polystyrene microtitre plate is "blocked"
by the intreduction in each well of 150 ul phosphate buffered saline (PBS)
contalining 0.5% bovine serum albumin (BSA).

SPACE FOR SCHEMATIC PRESENTATION

After ome and s half hours at 37°C the plate is washed with tap water
containing 0.05% of Tween 80 and 100 ul PBS is added to all wells except
those of column no. 1. The wells Al to Hl in column ne. 1 are each filled
with 50 ul quantities of undiluted test serum and 150 ul PBS (Note: the
optimal initial dilution factors may be different and should be based on
experience). Serum samples16 and PBS in the wellzs Al to Hl are mixed
together and 100 ul of each mixture is transferred to the adjacent well in
column no. 2 with a multichannel 100 ul micropipet. A similar dilution and
transfer process is effected from the wells in column 2 to the wells in
column 3, then from the wells in column 3 to the wells in column 4 etc. up
to the wells AlO0 to HI1O.

Then, 20 ul quantities of (diphtheria or tetanus) toxin,
e.g., 0.05 Lf ml-1 in PBS are added to each well except to those of column
no. 12 (Al2------ H12) to which 20 ul quantities of PBS are added. Column
no. 11 is used as "positive® controel (PBS + toxin), column no, 12 is u=zed
as "negative” control (PBS only), The plate is gently shaken and incubated
overnight at 37°C in a humid atmosphere.

- Coating

A polyvinylchloride immunoassay microtitre plate is coated with
equine antidiphtheria IgG or equine antitetanus IgG at a concentraticn of
1.0 IU ml-1 in carhonate buffer, 100 ul in each well and the plate isz
incubated overnight at 37°C in & humid atmosphere. The next day the
imminoassay plate is washed with tap water/Tween 80, blocked for 1 h at
37°C with 125 ul PBS containing €.5% BSA and washed afterwards with tap
water/Tween 80.

- Detection of free ("non-neutralized™) toxin

One hundred ul of the pre-incubation mizture is transferred from the
polystyrene microtitre plate to the corresponding wells of the
polyvinylchloride plate and incubated for 2 hours at 37° in a humid
atmosphere. The plate ls washed with tap water/Tween 80. From this on to
the addition of substrate two alternative approaches can be followed:

+ 100 ul peroxidase-labelled (2) sheep antitetanus IgG (0.1 IU ml-1)
diluted 1/5000, or 100 ul peroxidase-labelled sheep antidiphtheria
IgG (0.1 IU ml-1) diluted 1/3000, is added to each well. Peroxidase-
labelled IgG is diluted in PBS-diluent (PBS containing 0.5% BSA and
0.05% Tween 80). The plate iz incubated for 1.5 h at 37°C and washed
with tap water/Tween 80;

% In analogy to the methods proposed for ELISAs, it is advisable to
include a reference serum. The titre of the test serum can then be
expressed relative to this reference,
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+ or (in order to increase sensitivity, for instance when using small
serum samples or titrating serum samples with low antitoxin titres):
100 ul of a dilution of biotinylated equine antidiphtheria IgG
(0.1 TU wml-1} or biotinylated equine antitetanus IgG (0.1 IU ml-1) is
added to each well. Biotinylated IgG iz diluted in the diluent (PBS
containing 0.5X BSA and 0,.05X Tween 80). The plate is incubated for
1 h at 379 and washed with tap water/Tween 80. Next, 100 ul
Streptavidin-biotinylated horseradish peroxidase complex (Amersham
RPN1051), diluted 1/2000 in the diluent, is added to all wells and
the plate is incubated for 0.5 h at 37°C. The plate is washed with
tap watetr/Tween 80,

Finally, the free (diphtheria or tetapus) toxin bound to the
antitoxin coated immunoassay plate is visualized by adding te all wells 100
ul of a (freshly) prepared tetramethylbenzidine (TMB)/ethanol substrate.
The substrate consists of 90 ml distilled water, 10 ml of 1,1-M sodium
acetate buffer, 1.67 ml of TMB solution in ethanol and 20 ul of a 30X
solution of H,0,. After 5 to 10 minutes at room temperature the reaction
is stopped by the addition of 100 ul of 2M H;S50, to each well. The
absorbance is measured at 450 mm using an automatic plate reader.

Reading of the test

The (diphtheria or tetamus) antitoxin titre in sach serum sample is
expressed as a score., For each serum the =zcore iz the number of the last
well having an optical denmsity (OD) below the value representing 50X (0Dsq)
of the sum optical density. The sum optical density is defined as the sum
of the arithmetic mean OD of the positive control wells (columm no, 11: A
to H) and the arithmetic mean OD of the negative control wells (column
no. 12; A to H). In thls score system which uses ten serum dilution
steps, serum antitoxin scores range from 0 to 10. If appropriate the score
is increased by continuing the dilution series (e.g., in the next row or on
another plate),

Positive control wells (All to Hll) are expected to have maximum
optical density levels, negative contrel wells (Al2 te H12) are expected to
have minimum optical density levels.

Calenlation of the potency

The in vitro serological methods in vaceine potency testing are based
on dilution series of serum and, experimental observations consist of
antitoxin titres expressed as scores, usually ranging from 0 to 10. Recent
study baszsed on a large amount of data showed that the distribution of
scores is normal and the correspending antitoxin concentration distributien
is lognormal (3). So, parallel line analyzis according to Finney (4) may
be routinely applied for estimating of the potency of vaccines by ToBI
test, For such analysis the loglO-values of the doses of vaccines given to
the mice are compared with the antitoxin titres (expressed as scores)
obtained in the ToBI test. For the description of the parallel line assay
see section F.3,

Quality sssurance of ToBl test

In oxder to assure Intra-assay and inter-assay conslstency in ToBI
testing a number of quality assurance steps should be introduced.
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At Intra-assay level:
gerum samples in the plates should be randomly distributed;

control sera with defined and various levels of (diphtheria or
tetanus) antitoxin should be included in each assay;

individual and mean OD values of positive control wells and negative
control wells should be monltored. Sera in plates having discrepant
0D values should be re-tested.

At inter-assay level:

mean OD values of positive control wells and negative control wells
in each assay should be monitored by using a Shewart control

chart (5), glving an overview of mean assay €D values and mean
assay OD . values, cumulative average and regions within 28D
(standard deviation). Plates having a mean 0D value outside the 25D
repion should be retested;

wvhen using new vacclnes, reagents and/or materlals test procedures
should be validated using control sera;

toxin dose levels and dilutions of serum samples should remain
constant so that assay conditions remain identical.

Validatjion

Replacement of the animal challenge procedure in potency testing of
(diphtherla and tetanus) toxoid vaccines by a serological in vitro method
is subject to the validation of the new method by individual laboratorles
and should be based on:

correlation of antitoxin titres of individual animals obtained by a
functional test (towxin neutralization test in animals or in cultures
of Verc cells [diphtheria antitoxin only]) and by the in vitro test,
Data should be analyzed according to the proposals of Altman &
Bland (6).

the comparability of estimates of potency and 95X confidence Interval
of (diphtheria or tetanus) toxeid vaccines obtained by the
serological in vitro method with those obtalned by a functional test.
The validation of the in vitro serological method should be made
using vaccines of the type which will be tested.

With regard to both aspects it was demonstrated that the ToBI test
appears to be a valid model for the estimation of potency of diphtheria and
tetanus vaccines (7, 8 and 9).
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ANNEX I

Materials

- Polystyrene (PS) flat- or round-bottomed microtitre plates (Titertek
655-166 resp, 650-180).

- PolyVinylChloride (PVC) Immuncassay plates (Greiner 77-172-05)

- Phosphate Buffered Saline (PBS), pH 7.2, 0.0l mol/l {NaCl 1350.0 g,
Na,HPO,.2H,0 205.5 g, NaH,P0O,.1H,0 48,0 g, distilled water up to
150 1),

- Tween 80 (Merck Schuchardt).
- Bovine Serum Albumin (BSA) (Boseral Organon Technika).

- Diphtheria toxin, diluted in PBS to a concentration of 0.05 Lf ml-!
immediately before use. Purified diphtheria toxin should bhe
preferred. (In our studies diphtheria toxin of 1000 Lf ml!,

3200 Lf/mg PN was used.)

- Tetanus toxin, diluted in PBS to a concentration of 0.05 Lf ml!
immediately before use. Purified tetanus toxin should he preferred.
(In our studies tetanus toxin of 5000 Lf ml™!, 2000 Lf/mg PN was
used.)

- Equine antidiphtheria IgG, not less than 200 IU ml™'. Diluted in
Carbonate buffer to a concentration of 1.0 IU ml"! immediately before
use, Equine antidiphtheria IgC is prepared by immunizing horses
initially with diphtheria toxocid, followed by increasing doses of
diphtheria toxin.

- Equine antitetanus IgG, not less than 200 IV ml™'. Diluted in
Carbonate buffer to a concentration of 1,0 IU ml™! immediately before
use. Equine antitetanus IgG is prepared by immunizing horses
initially with tetanus teoxoeid, followed by increasing doses of
tetamusz toxin,

- Equine antidiphtheria bioctinylated IgG (see Anmex II), 20 IU w1,
Diluted in diluent (PBS + 0.5% BSA + 0.05% Tween 80) to a
concentration of 0.1 IU ml”! immediately before use.

- Equine antitetanus biotinylated IgG (see Annex II), 20 IU ml-1.
Diluted in diluent to a concentration of 0.1 IU ml™! immediately
hefore use.

- Peroxidase-labelled sheep antitetanus IgG (RIVM). Diluted 1/5000 in
diluent.

- Peroxidase-labelled sheep antidiphtheria IgG (RIVM). Diluted 1/3000
in diluent.

- TMB/ethanol substrate.
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Sodium acetate buffer; pH 5.5, 1.1 mol/1l (90.2 g sodium acetate
(free of water), saturated citric acid, distilled water up to
1000 ml}.

2M H,S0,.

Carbonate buffer; pH 9.6, 0.04 mol/l (sodium carbonate [free of
water] 1.5 g, sodium bicarbonate 2.39 g, scdium azide NaNy 0.2 g and
distilled water 1000 ml)}.

Streptavidin-blotinylated horseradish peroxidase (SBC) complex
(Amersham RPN1051). Diluted 1/2000 in the diluent immediately before

uge.,
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ANNEX TT1

Dissolve 2.0 mg of biotinyl-N-hydrosuccinimide ester ( NHS-d-blotin
[BNHS], purity approx. 98X [Sigmal), in 2 ml DMS0., Add this mixture to
equine antidiphtheria or antitetanus IgG (200 ul BNHS/DMSO per mg IgC
protein) and incubate for 4 hours at room temperature. Free biotin is
removed from the preparation by two-fold dialysis of the reaction mixture
against PBS-azlde (0.02%) for 24 hours at room temperature. Biotinylation
of antitoxin does not interfere with antigen-antitoxin interaction (10).

Biotinylated IgG is stored at 4°C and is stable for at least
6 months.

Storage at -20°C does not impair the stability.

ere

Tijssen, P., Practice and Theory of Enzyme Immunoassays, Laboratory
Techniques in Biochemistry and Molecular Biology, Vol. 15.
Amsterdam: Elsgevier, 1985.
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PASSIVE HAEMAGGLUTINATION TITRATION AS A SECONDARY METHOD FOR
ASSESSING THE ANTIBODY RESPONSE OF MICE IN POTENCY ASSAYS OF
ADSORBED DIPHTHERIA, TETANUS AND COMBINED VACCINES

{(by Dr Gy. Nyerges, Natlomal CGontrol of Sera and Vaccines,
*B. Johan" Natjonal Institute of Public Health, Budapest,

Hungary)
Introduction

Boyden's (1) Passzive Haemagglutination (PHA) titration has been used
for measuring diphtheria (D) and tetanus (T) antitoxin in human and animal
sera for about 35 years. The method is based on the agglutination of
tanned (human "0" or animal) erythrocytes sensitized with D or T toxoid.
PHA titres can be converted into antitoxin units by running a PHA reference
serum in parallel with the test szera, It is adviszable that the PHA
reference serum be representative of the type of sera which are tested and
its antitoxin content has been determined in nmeutralization test in animals
(European Pharmacopoeia, 2nd edition, 1981, Monograph 86 (D) and 91 (T),
Maisonneuve SA, 57160, Ste Ruffine, France).

The degree of correlation between individual serum antitoxin titres
obtained by PHA and by toxin neutralization tests has been controversial
(2! 3! 4l 5l 6! 7! 8. 9)'

Various explanations have been suggested for this. When PHA 1s used
for determining the state of protection of individuals against D or T,
greater care is needed in antitoxin assays. On the other hand, the
reliability of the PHA ag an indicator of protection is a less crucial
problem when antitoxin titres of immunized animals are used to determine
the potency of test vaccines, Namely the aim of such tests is to compare
the antitoxin production of animals immunized with either the test or the
reference preparation, the actual protection of the animals against D or T
being almest irrelevant. Accordingly, PHA has been found to be suitable as
a secondary method for assessing the antibedy response of mice in potency
assaysz of adsorbed D, T and Combined vaccines (10, 11).

This document is intended to provide guidance for the set-up of
agzays of D and T antitoxin by PHA. The method used may wvary in different
laboratories (2, 12, 13). For example, turkey red blood cells may be used
(Pitzurra) instead of sheep red blood cells., Coupling of antigen and
fixation of erythrocytes may be achieved by glutaraldehyde rather than
formaldehyde and tannic acid and the sensitizing agent may be toxin rather
than toxoid (15).

In this pguide we describe the methed currently used in the Department
for Control of Vaccines and Sera in ocur Institute.

PHA is a cheap and sensitive methed, however its use is not without
difficulties. Therefore we will give due attention to the possible
pitfalle that may invalidate the test.

The materials used and the preparation of the reagents are given in
Ammex I and Ammex II.
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PHA titration

Tannic acid-treated native or glutaraldehyde-preserved sheep
erythrocyte suspensions which are sensitized with either D or T toxoid
constitute the "Sensitized Erythrocytes" (SE). The use of Native
Erythrocytes (NE) usually makes the test more sensitive, On the other
hand, native erythrocytes tend to haemolyze usually after a week’'s storage
and should be discarded, while preserved erythrocytes can be used for many
weeks, For controlling the aspecificity of the PHA, the tamnic acid-treated
(native or preserved but not sensitized) erythrocyte (TATE) suspensions is
used.

The diluent for sera is saline containing 5% normal rabbit serum
inactivated at 56°C for 30 min (NRSS).

Serial dilutions of sera are performed according to the principle of
Takatsy in V-shaped microtitre plates (16). The diluent and the
erythroeytes are added to the wells with a dropper or micropipette
delivering 25 ul. Serum dilutions are made uszing a multichammel micropipet
of 25 ul,

Figure 1 illustrates the set-up for titrating in duplicate 2 test
sera, and a PHA reference serum (containing 1 IU antitoxin ml-1}), the
latter being included in each titration sesslon but not on each plate.

Each of the wells in rows A and ¢ and wells 1 to 10 in rows B, D, E,
F, G, H are filled with 25 ul NRS35. In wells Al to AlO, Bl to Bl0 etec.
two-fold dilutions of either test sera or the PHA reference serum sample
are made, 25 ul being ultimately discarded from wells Al0 to H10, Twenty-
five ul quantities of sensitized erythrocytes (SE) are added to wells Al to
Al2, Bl to BlD0, D1 te D10, El te E10, Gl to GlO and Hl to H10. Twenty-
five ul of TATE are added to Cl te Cl2 and Fl to F10. Wells B11l B12, D11
D12, E11 E12, F11 F12, G11 G12, H1l H12 are not used,

In this set-up it is possible toe countrel the specificity of PHA
elicited by the test sera by using the first ten wells of rows C and F,
With the PHA reference serum, no control with TATE is needed zince
nonspecific agglutination cannot occur due to the higher serum dilutiom.

After pently shaking, plates are stacked one covering the other and
incubated at room temperature for approximately 1 hour, i.e. the time
required for the complete sedimentation or agglutination of the
erythrocytes in the wells.

The absence of spontaneous agpglutination of SE and TATE can be
verified by examining at the end of the incubation period wells All, Al2
and €11 €12, respectively.

ead

Depending on the degree of haemagplutination wells are graded as "-,
+, R, T A button of sharp outlines settling at the bottom of
the well is "-" (negative); an even carpet of cells covering the bottom of
the well iz "++++"; pattern similar to "+++" but with a slight ring
around the edge is graded "++", Reactions marked with "+" and "++"
constitute intermediate patterns (zee Figure 2).
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The PHA titres of the test and the PHA reference sera are the highest
dilutions exhibiting a definite ("+H+" or *++") haemagglutination with
SE. The nonspecific titres of the test sers are the highest dilutions
exhibiting intermediate ("+H" or "+") aggglutination with TATE.

The difference between the last positive well of test serum and the
last positive well of the PHA reference serum can be usged, without any
further transformation, as a score. The scores of the sera from the
animals in each treatment group are used to determine the Relative Potency
of the test vaccines using the program described in Section F.3,

s for the validit the assa
Calculations can he done 1f the following conditlons are met:

1. PHA titres of duplicate titrations (rows A and B, D and E, G and H)

are the same. (In case differences are observed, the titration
should be repeated.)

2. Titres of individual sera with SE are at least twice as high as the
corresponding titres with TATE.

The titre of the PHA reference serum sample shows the sensitivity of
the test, In the example, the titre 1s 1/64 which means that the
sensitivity of the test, i.e. the smallest measurable amount of antitoxin,
is 0.016 1.U. ml'!. The titres of serum Ne. 1 and No. 2 are 1/2 and 1/64
respectively.

NB Experience shows that nonspecific haemagglutination may occur in some
dilutions up te 1/16. It is mostly observed with human sera and
rarely with mouse sera, Nevertheless, it is advisable to check the
specificity of PHA when mouse sera are tested. The use of TATE
contrels has been introduced In order to spare the cumbersome and
uneconomical absorption of sera with packed non-zensitized cells. If,
however, the specific titre of a serum is not at least twice as high
as that of the nonspecific one, all we can say is that the antitoxin
content 1Is not higher than a given value. If more precise
information is needed, then the absorption of the test serum is
necessary.

tit tent of the test sze

The expression of serum titre in IU is not required for assay of
Relative Potency of vaceines, If it is needed for other purposes 1t may be
calculated, by multiplying the reclprocal of the specific titre with the
sensitivicty of the test. TFigure 3 ghows the result of titration of sera
No. 1 and No. 2. The calculated antitoxin content is 0.032 IU ml™! for
serum No. 1 and 1.0 IU ml™! for serum No. 2,
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Fig. 1.

PHA TITRATION SCHEME

S M oMm o ooy oo
|

1. 2. 3 4 5 6. 7 8 9 101 12
fz@/ R rof |
—c \
Fail f\\Q -
\\Fiéfé:;"‘ ongr
e
\ =g
P 2P e\
W&@; E%ﬁi“}k’

':Fiq:l..

Passive haemaggfuﬁnafion reaction

P alfe rns

@....

+++ +44




BIG/92.1
Page 61

Fig. 3 READING OF THE TEST
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ANNEX I

Blood:

Sheep blood is drawn aseptically into an equal volume of Alsever’s
solution and astored at +4°C for not more than 14 days. In case of
haemolysis, even if it is slight, the blood should be discarded (not all
sheep are equally suitable for this test).

Alsever's solution:

2.05 g Dextrose, 0.8 g Na citrate, 0.42 g NaCl, 100.0 ml distilled
water to 100 ml; pH is adjusted to 6.1 with 10% citric acid solution.

Sterilize in steam for 20 min or by filtration.
Buffers:

Phozphate buffered saline (PBS):

1. PH 6.4: 4.5 g NaCl, 4.3 g Na,HPO,, 2 H,0, 6.92 g KH,PO,, distilled
water to 1000.0 ml;

2. pH 7.2: 8 g NaCl, 2 g KC1, 2 g KH,PO,, 11.5 g Na HPO,, distilled
water to 1000.0 ml;

3. pH 7.38: 4.8 g NaCl, 1.45 g KH,PO,, 7.6 g Na HPO,, distilled water to
1000.0 ml

Barbital buffer:

- Solution A: 4.6 g diethylbarbituric-acid, distilled water to
500.0 ml. Heat to dissolve.

- Solution B: 83.8 g NaCl, 2,52 g NaHCOy, 3.0 g Na-Barbital, 1.0 g
MgCIz. 6 H20, 0.2 g CaCl2, 2 H20, distilled water to 1.5 litre.

Solutions A and B are mixed together.

Sterilization of buffers: at 120°C for 20 min or by filtration.
Tannic acid: Merck, reagent grade
Glutaraldehvde: Serva, 25% solution

Normal rabbit serum:

Serum pool from 6 to & healthy rabbits is sterilized by membrane
filtration. After incubation at 56°C for 30 min, the pool is distributed
aseptically in 2.0 ml ampoules and stored at -40°C. Repeated thawing and
freezing should be avoided.

The normal rabbit serum solution 1s prepared by adding 0.5 ml of
sterile inacrivated rabbit serum to 99.5 ml saline (0.14 M NaCl).
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NB Very rarely, rabbit sexum may agglutinate the TATE and/or SE,
therafore new pools should be tested according to All, Al2 and C11,
Cl2 in Figure 1.

Purifjed D and T toxoids:

The purity of the toxeids should be not less than 700 Lf/mg PN.
However, purity iz not the only suitability eriterium. The critical
properties of toxoids for sensitlization purposes have not been entirely
determined. Therefore It 1s advisable to test each new lot of purified
toxoid by preparing small samples of SE as described in Annex II. We
consider the toxold to be suitable if the PHA titre of the PHA reference
serum sample is not less than 1/64.

Diphtheris and tetenus PHA reference sera:

These are immune sera calibrated by neutralization tests In animals
against the corresponding International Standard Antitoxin preparations
{European Pharmacopoeia). A dilutions containing 1 IU antitoxin ml-1 is
introduced in the wells G and H, and then diluted serially as explained
above,

Microtitre plates:

Microtitre plates (polystyrene, V-shaped): Labor MIM Budapest,
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ANNEX II

frythrocytes:

NB

Non preserved erythrocytes: heep blood stored preferably for 3 to 4
days is used. Forty ml of blood in Alsever's solution is washed with
saline 3 times, From the last sediment 200.0 ml of a 2% red blood
cell suspension in saline iz made.

Preserved erythrocytes: freshly drawn erythrocytez are washed twice
in Alsever’s solution and three times in pH 7.38 PBES. The last
sediment is resuspended in barbital buffer to the original volume,
To this suspension glutaraldhyde is added slowly to a final
concentration of 1X. The mixture iz kept at room temperature and
shaken at regular intervals until the cells become brown
(approximately 1 hour), After overnight storage at +4°C the cells
are washed 6 times In pH 7.38 PBS, resuspended to a 2% suspension in
saline and stored at +4°C,

Tannic acid treatment: ertyhtrocytes (either native or preserved)
are further treated as follows: to 200.0 ml of the 2% erythrocyte
suspension 200.0 ml of a 1/40,000 tannic acid solution is added.

After 30 minutes incubation at room temperature cells are washed with
pH 7.38 PBS. The last zediment is resuspended in 50.0 ml pH 7,38 PRS
to give a 8% erythrocyte suspension., Preparation of sensitized (A)
and control erythrocytes (B). The following mixtures are prepared:

A B
BX erythrocyte suspension 25.0 ml 25.0 ml
pH 6.4 PBS containing 6 Lf ml-1 75.0 ml none
purified D or T toxold
pH 6.4 PBS rnone 75.0 ml

After 45 min incubation at room temperature mixtures A and B are
centrifuged and the cells are washed 3 times with NRSS. The last
sediments are resuspended in 100.0 ml NRSS each to give 2X
sugpensions of SE or TATE. The suitability of SE should be checked
by titration using the relevant D and T PHA reference serum and the
control wells (All, Al2 and Cl1, €12) az indicated Iin Figure 1. SE
are suitable for PHA titration if the sensitivity of the test is at
least 0.015 IU ml-1. The reactions in the control wells should be
negative,

If haemolysis occurs during the preparation of TATE and SE, red blood
cells should be discarded, Common causes of haemolysis are: faulty

buffer; too fresh or too old blood. For obvious reasons, haemolysis
does not occur when preserved erythrocytes are used.
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B.3 VALIDATION OF POTENCY ASSAYS FOR TOXOID VACCINEE BASED UPON IN-VITRO
METHODS OF MEASURING ANTITOXIN IN THE SERA OF VACCINATED ANTMALS
(by Dr P. ¥Knight, Wellcome Biotech, Langley Court, United Kingdom)

Potency assays of toxoid vaccines include two elements: the
induction of an antitoxin response in laboratory animals and the
measurement of that response. The most valild and precise method of
measurement of the antitoxin 1s by toxin neutralization test but its
application to the measurement of sera generated in vaccine potency assays
involves the use of large mumbers of animals. For this reason most assays
of toxold vaccines are performed by challenge methods in which the same
animals are used for both Induction and measurement of the immine response
to the vaccine despite the smaller amount of information then obtained from
each animse]l. If, however, a suitable method of in-vitro titration of
antibody in the sera could be validated, the use of potency assays based
upon serum titration would be an attractive alternative to challenge tests
because of the smaller numbers of animals required, the possible assay of
more than one toxoid component in a group of animals and the possible use
of mice in the assay of diphtheria vaccines, In addition it is possible to
repeat the antitoxin determination.

It is important that the reszult to be produced by any alternative
method of titratlion should be related to the toxin neutralization titre of
the test sera as accurately as possible and that the relationship should be
consistent for sera raised against the vaccines to be tested and the
reference to be employed. Failure to ensure this could lead, in an extreme
case, to release of inefficacious vaccine, Teszts such as the Vero test (1)
for diphtheria which retain the toxin neutralization principle but
gsubstitute an In vitro indicator are likely teo provide an accurate
reflection of the animal test, provided that it is established, as it has
been for the Vero test, that the cytopathic and lethal or dermonecrotic
agents are identical, RNevertheless, some scope for deviation remains and

the use of cell culture tests still requires validation for each laboratory
wishing to use the method.

However, no comparable hiological indicator is avallable for the
titration of tetamnus, where the only feasible alternative would be a
serological test. A wide range of serclogical tests based upon passive
haemagglutination (2,3,4), gel diffusjon (5), ELISA (6 to 9), and RIA have
been proposed. Such tests offer a cheap alternative to toxin
neutralization but have often been shown to produce titres which do not
reflect the results of toxin neutralization tests with sufficient accuracy.
Some of these errors are due to impurities in the antigen used to sensitize
the erythrocytes or ELISA plates. Purified toxing and toxoids are rarely
truly homogeneous preparations and in addition toxoids oftem incorporate
impurities that have been covalently attached to the molecule during
toxolding. Other errors may arise because many antibodies which bind to
the toxin fail to neutralize itz activity e.g., because of the nature of
the epitopes that they recognise or because of antibody class, In this
respect, sgglutinatjon tests are particularly open to error from IgM
antibodies which are highly active in such tests but do not neutralize
toxin efficlently.

It is therefore desirable to use tests based on principles that seek
to ensure that the response measured iz, as far as possible, specific to
neutralizing antitoxin. Nevertheless a serological test that does mnot
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necessarily assay neutralizing antibodies could be used provided that a
thorough validation has established that its use does not result In
erroneous estimates of potency for any of the vaceines formulations to be
tested,

If data from neutralization tests are avallable or can be generated,
serological tests for use in the estimation of sera from vaccine potency
tests should have heen shown to correlate well with toxin neutralization
teats (as a rough guide, a correlation coefficient of >0.9 over a 100-fold
range of titres ls desirable) and should, 1f possible, Incorporate
modifications to aveoid the szources of error described above (10, 11, 12).

For the purposes of testing the potency of vaccines againat a
reference ‘preparation it is particularly important that the relationship
between the titres obtained by the serologlical and toxin neutralization
tests should be consistent for sera prepared in animals immunized with the
reference preparation and vaccine formulation under test so that there
should be no bias of the kind described by Sheffield and Perkins (13).

Before validation, the cholce of dilutlions of test and reference
vaccines should be carefully optimized to minimize the likelihood of non
linear and non parallel dose-response curves. At least three dilution
levels should be tested.

An appropriate way of validation is to carry out, for each vaceine
formulation to be tested, not less than 10 valid parallel line assays using
both serological response determinations and the existing challenge method
(if the working dese ranges for the tweo methods are compatible it is
permissible and indeed advantagecus to obtain serological and challenge
response data from the zame animals), If possible, the vacclnes tested
should include representatives of high and low potency wvaceines.

The log relative Potency values attained by both methods should be
compared by evaluating weighted palred estimates obtained for each vaccine.

It is proposed that the method be considered as validated {f it can
be shown that:

(a) the estimates of potency for individual vaccines do not differ
significantly (P <0.05) in more than 10% of cases; and

(b) the estimateas of mean lop potency obtained for all the vaccines of a
glven formulation by the serological method does not differ
significantly from the mean estimate obtained from challenge assays.

Separate validations will be needed for vaccines containing whole-
cell pertussis, for vaccines from different manufacturers and for different
control laboratories. Re-validation would be required upon the
introduction of significant changes In either preduction process
(e.g., purification, adjuvant, formulation) or testing method (e.g., animal
strain),

Alternatively, revalidation may be achieved by retitrating sera from
assays of one low potency and one high potency vaccine for each formulation
and showing that the relative potency values remain essentially unchanged.
If any change is made to the serclogical test method including the use of a
new batch of a critical reagent, the assay methed must be revalidated asg
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described above or by the parallel titration of at least 20 sera ralsed
against the reference and each vaccine formulation, using the original and
new methods or reagents. Use of the new method must not result in an
altered relationship between sera raised against the reference and test
vaccine formulations.

It is difficult to generalize about the changes likely to be
significant, but broadly a change should be considered as significant if:

{a) there is a scope for variation in purity between batches of a
reagent; and

{b) the quality of that reagent can materially affect the outcome of the
test.

For example, batches of monoclonal antibodies prepared from a
particular hybridoma can be comsidered as identical, but batches of
purified toxoid should not, since all such preparations contain impurities
which may vary from batch to batch. For most tests a change of antigen lot
would therefore be considered as significant, Only in tests where
specifieity is achieved through the use of monoclonal antibodies can a
change of antigen batch be considered as non significant. Changes of anti-
species conjugates are unlikely to affect relative titres. On the other
hand, cross-reacting antibodies can be present, causing high blank values
and spoiling the precision of the test. The absence of such cross-reacting
antibodies should therefore be verified,

Changes in conjugates between toxins, toxeids or antitoxins and
enzymes should be treated as ceritiecal, Changes of batch of sensitized
erythrocytes are potentlally significant but full revalidation could be
omitted provided that the correct relationship 1s observed among a small
group of sera when the test is performed with the new reagent,

The changes in test reagents likely to be critiecal to the validation
of the test are listed below (Table 1),




BLG/92.1
Page 70

Type of test

Simple ELISA (&)

or RIA

Competition
ELISA (10)

Capture
ELISA (11)

ToBI (12)

Haemaggluti-
nationn (3)

Capture
antibody

N/a

N/a
ceritical if
pelyclonal
eritical if

polyclonal

N/A

N/A = Not applicable

* Potentlally e¢ritical.

Table 1

Critical & Non-Critical Chapnges of Reagent Batch

Antigen Sensitized Conjugates
erythrocytes

critical N/A *

critical++ N/A *

not critieal N/A *

if MAb 1s usged

not eritical N/A *

if MAb is used

critical eritical R/A

May be used after a minimal validation check. Each

new batch of conjugate should be checked for specificity (i.e., low blank

values).

#% Critiecal for both antigens,
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c. PERTUSSIS POTENCY ASSAY OF MONOVALENT AND COMBINED WHOLE CELL
PERTUSEIS VACCINES
(by Dr P. Knight, Wellcome Biotech, Langley Court, United Kingdom)

Procedure

Healthy male or female mice, of the same sex, 3 to 4 weeks o0ld and
welghing not less than 10 g and not more than 18 g, but all within a weight
range of 4 g, are used (this welght range should not vary from assay to
assay). Prepare at least three fivefeld dilutions In sterile physiological
saline of the final bulk vaccine or of the final product which should not
contaln more than 20 OU of Bordetella pertussis organisms per single human
dese, Prepare at least three simllar fivefold dilutions of reference
preparation. The middle dilution of hoth teszt vaccine and reference
preparation should, in the light of historic data, contain approximately
2 ED50 per m]l for the strain of mice used. If no such data exist, dilutions
of reference preparation containing 5 IU, 1 IU and 0.2 IU per ml of
reference preparation and dilutions of 1/2, 1/10 and 1/50 of the test
vacelne could be used Initially. The fivefold dilution steps suggested are
appropriate for most strains of mice, but for zome inbred strains, fourfold
or even less may be more suitable. If sipgnificant regression ia not
obtalned with fivefold dilution steps, an alternative source of mice should
be obtained. As experience with a strain of mice accumulates the choice of
dilution should be cautiously adjusted to keep the median dose as close to
the ED50 as possible,

Inject 0.5 ml of each dilution intraperitoneally into each of a group
of at least 16 mice and set aside 40 mice as unvaccinated contrels. Care
should be taken to ensure that choice of mice, cage position and injection
sequences are randomly allocated, slnce failure te do so can resule In
invalid or misleading estimates of potency, This may be achieved by
allocating vaccine dilutions to cages of mice according te a random numbex
sequence. If the total number of mice iIn each treatment group is more than
can be held in a single cage, it Is beneficial to set out the addicional
cages In a similar array to which the vacecine dilutions are assigned
according to the same random sequence in reverse.

Alternatively, one mouse injected with each vaccine dilution is
housed in each cage, This provides the best possible control of
environmental variables and the effect of sequence of challenge
inoculation, but in all cases it remains important to randomize the
gselection of mice to recelve each treatment, The mice receiving each
treatment must be identified by a celour code such as the head and body
colours described for guinea pigs in Appendix 1. Colour ldentificaticn of
mice 1s less durable than in guinea pigs and may require reinfercement at
the time of challenge. Not more than 6% of the animals should die before
challenge,
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Challenge culture:

Bordetella pertussis, strain 183237, stored in the lyophilized
atate 1s suitable, When a challenge is required an ampoule of the
challenge strain is reconstituted in 4 ml of casamino acids and 1 ml of the
suspension is spread on each of four Bordet Gengou (BG) sgar plates. The
plates are incubated at 35°C for up to 30 hours; this stock culture can
then be stored at 2 - 10°C for three weeks. The micro organisms are
scraped from the surface of a plate and seeded on BG slopes containing 1%
peptone in 20 X 4 cm tubes, The slopes are incubated for 44-48 hours at
35%C and then subcultured on fresh slopes which are incubated for 2-24
houtrs at 35°C. After a microscoplic check for purity, enough culture is
scraped into & 1X solution of casamino acids so that the suspension has an
optical density of about 10 OU (about 10 X 109 organisms per ml).

If liguid nitrogen storage facllities are avallable it is
advantageous to preserve a quantity of the standardized challenge
suspension as follows:

Add 10% v/v Dimethyl sulphoxide to a suitable volume of bacterial
suspension and divide it into 2 ml vials which may then be frozen
over liquid nitrogen in the vapour phase. After 24 hours withdraw a
vial to determine the dilutien required to contain 100,000 viable
organisms per challenge dese and to verify that the diluted
suspenslon contalns 100-1000 LD50 per dose. When the characteristics
of a batch of frozen challenge have been established it will, if
stored correctly, remain stable for several years and will ensure a
more consistent challenge than could be achieved with freshly growm
cul tures,

Regardless of whether the organisms have been stored over liquid
nitrogen or not, the suspension is drawn off and further diluted to give
the challenge dose, which should contain approximately 100,000 organisms in
a volume of not more than 0.03 ml. The challenge suspension is diluted
1/106, 1/300 and 1/1000 in casamino acid solution for inoculation into
control mice and for determination of viable organisms per challenge dose
volume. These dilutions are made using no greater than serial, ten or five
fold dilutions changing the pipette between each dilution. The viable
count of the challenge dose is monitored by seeding the challenge dose
volume of the 1/1000 dilution of the challenpge suspension which is
caleulated to contain a total of 100 organisms per challenge doze volume on
a EC plate at the beginning and at the end of challenge. The initial eount
has been found to range from 5 to 60 organisms from test to test in various
laboratories, the average being about 25, No more than 2.5 hours should
elapse hetween the time the challenge culture is suspended in the casamino
acids solution and completion of challenge of the last group of mice. If
the mean post-challenge count is consistently found to be less than half of
the pre-challenge count the time from resuspension to completion of the
challenge should be reduced. The challenge is valid if the challenge dose
contains between 100 and 1,000 LD50 doses. Each LD50-dose each should
contain not more than 300 viable organisms.

Y7 The challenge strain 18323 may be obtained through the World Health
Organization.







