
Preface

This is the report of the thirty-first of a
series of workshops organised by the Euro-
pean Centre for the Validation of Alternative
Methods (ECVAM). ECVAM�s main goal, as
defined in 1993 by its Scientific Advisory
Committee, is to promote the scientific and
regulatory acceptance of alternative methods
which are of importance to the biosciences
and which reduce, refine or replace the use of
laboratory animals. One of the first priorities
set by ECVAM was the implementation of
procedures which would enable it to become

well-informed about the state-of-the-art of
non-animal test development and validation,
and the potential for the possible incorpora-
tion of alternative tests into regulatory pro-
cedures. It was decided that this would be
best achieved by the organisation of ECVAM
workshops on specific topics, at which small
groups of invited experts would review the
current status of various types of in vitro
tests and their potential uses, and make rec-
ommendations about the best ways forward
(1).

The joint ECVAM/AGAATI (Advisory
Group on Alternatives to Animal Testing in
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Immunobiologicals) workshop on Validation
of Alternative Methods for the Potency Test-
ing of Vaccines was held in Angera, Italy, on
14�16 November 1997, under the co-chair-
manship of Coenraad Hendriksen (RIVM,
The Netherlands) and Jean-Marc Spieser
(European Department for the Quality of
Medicines [EDQM], France). The partici-
pants, all experts in vaccine quality control
and/or validation procedures, came from
international regulatory or government
organisations, national control laboratories
and vaccine manufacturers. The principle
objective of the workshop was to discuss, in
an informal atmosphere, the complex issue
of guidelines for the validation of alternative
methods for the potency testing of vaccines.
The specific aims of the workshop were: a) to
discuss existing guidelines for validation; b)
to explore specific guidelines for the valida-
tion of alternative methods for the potency
testing of vaccines, and to agree on strategies
for the preparation of such guidelines; and c)
to discuss the implementation of validated
alternative methods in a regulatory context.
The outcome of the discussions and the rec-
ommendations agreed by the workshop par-
ticipants are summarised in this report.

Introduction

Vaccines are considered to be the most cost-
effective tools in the prevention of infectious
diseases. In the coming years, their impor-
tance will continue to increase because of the
priority given by the World Health Organi-
zation (WHO) and the European Union (EU)
to the eradication of a number of diseases,
the emergence of antibiotic-resistant strains
of bacteria, the impact of viral infections, the
high incidence of infections in large livestock
industries, and various other factors. Tradi-
tionally, laboratory animals have played a
major role in the quality control of vaccine
batches, and, consequently, the use of ani-
mals for this purpose is extensive. It is esti-
mated that about 10% of the total number of
laboratory animals used in Europe are
required for the safety and potency testing of
vaccines for veterinary and human applica-
tion.

However, although vaccines are becoming
more important in human and veterinary
health care, the total number of animals
used for quality control is likely to decrease

in the near future, for a number of reasons,
namely: a) the evolution of the concept of
vaccine quality control, as there is a grow-
ing feeling that emphasis should be put on
ensuring the consistency of a product which
has been shown to be safe and efficacious; b)
the priority which is given to the develop-
ment and implementation of alternative
methods to the classical animal tests; and c)
the development of a new generation of vac-
cines which are better defined, thereby
reducing the need for extensive quality con-
trol and thus changing the role of final
product testing in the control of product
quality.

Although the workshop focused in particu-
lar on the development and validation of
alternative methods for testing the potency
of vaccines, it was recognised that the rele-
vance of these methods in routine testing can
only be seen in relation to the evolution of
the concept of quality control. Therefore,
this issue was discussed simultaneously.
Furthermore, recommendations were made
in relation to the further implementation of
these methods in test guidelines. 

In this report, the term �alternatives� is
used in the context of the Three Rs, referring
to methods which can replace, reduce and/or
refine the use of laboratory animals (2). The
term �in vitro� is sometimes used when
referring specifically to replacement alterna-
tive methods.

Concepts of the Quality Control of 
Vaccines

Vaccines are derived from living organisms
in a batch-wise procedure. This implies that
their characteristics can vary from batch to
batch. Each batch produced in one produc-
tion run is considered unique. Strict controls
must be in place to ensure production con-
sistency, so that the safety and efficacy of
each batch can be assured.

While the quality of vaccines is the prime
responsibility of the manufacturer, the Com-
petent Authority or National Control
Authority approves procedures to ensure
that biological products intended for use in
humans or animals are of adequate safety
and efficacy. Quality is a goal which the man-
ufacturer approaches throughout the steps
of product development and by defining in
detail the processes by which the vaccine is
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produced and tested, including the
in-process and final product testing to be car-
ried out. Attainment of quality depends
largely on the quality control tests per-
formed at various critical steps during the
production process, and on the application of
Good Manufacturing Practice. Quality assur-
ance systems control the reliability and
reproducibility of each of the production and
testing steps (3, 4). Quality control should be
seen as an instrument for monitoring consis-
tency in the production and testing of vac-
cines (5).

Consistency of production means that each
batch of a product is of the same quality and
is within the same specifications as a batch
which has been shown to be safe and effica-
cious in human trials or in the target animal
species. The formerly established concepts of
quality control were based on the uniqueness
of each individual batch. A shift in emphasis
away from reliance on final product testing
will require development of a control scheme
for each product or product class. It is within
this context that the development and vali-
dation of alternative methods for potency
testing were considered by the workshop
participants. The need to establish systems
for monitoring consistency is crucial in this
respect.

Monitoring Systems to Demonstrate
Consistency in Vaccine Production and 
Testing

The principle of monitoring, which is a very
important issue in quality assurance pro-
grammes, is to test whether data can be
considered as coming from one and the
same population. If so, this would indicate
that the process of production and testing is
consistent. Monitoring can be performed by
using control charts. A minimum of 10�20
assay results have to be available before a
reliable control chart can be established.
When a new method is being introduced,
these results can be taken from the valida-
tion study and used to calculate fixed limits
(for example, two standard deviations).
Another approach can be a continuous
adaptation of the limits, based on all valid
results or on a set of the most recent assay
results (rolling average of, for example, 30
consecutive assays). Two types of control
charts can be used � graphical or numeri-

cal. The merits of a graphical control chart
are that: a) trends can be seen easily; and b)
by using pre-printed forms, which can be
filled in by hand, graphical charts are user-
friendly. The advantages of a numerical
control chart are that: a) computer analysis
of the data is possible; b) it enables the use
of cumulative sum and recalculation of
overall variance and mean; and c) graphical
representations of the numerical control
charts can easily be produced. Examples of
control charts are the Shewhart Control
Chart (6) and the CUSUM (Cumulative
Sum) Control Chart (7, 8), which is more
sensitive to shifts (9).

A variety of parameters can be used for
monitoring the performance of potency
assays, including: a) ED50 (dose of vaccine
needed to have an effect in 50% of the ani-
mals) and PD50 (dose of vaccine protecting
50% of the animals against the effects of a
challenge); b) in the case of serological tests,
the average antibody response (in multi-dilu-
tion assays of one or all groups of animals) on
the condition that test doses in the different
tests are the same; c) variance in response in
in vitro or in vivo tests; d) slopes of
dose�response curves in multi-dilution
assays; and e) the response of the positive
control and/or internal standard.

Before being used in a control chart, data
shoud be checked for their normal distribu-
tion. If this is not the case, a transformation
(for example, logarithmic) can be applied.
Figure 1 shows the effect of log transforma-
tion on the distribution of the data (in this
case ED50 values of the reference prepara-
tion were used). After log transformation,
outliers are on both sides of the distribution
curve, whereas before log transformation,
outliers are only seen at the higher end of the
distribution curve. 

Generally, alternative tests such as sero-
logical assays are better able to monitor con-
sistency than classical (challenge) tests. This
is because of the nature of the parameters
measured (for example, quantitative anti-
body responses versus lethality) and the
additional inherent variability of classical
challenge models. The lack of inherent vari-
ability can be considered an additional
advantage of alternative methods, although
it should be stressed that the acceptance of
alternative methods should not only be based
on this advantage, but also on the relevance
or validity of the model. 
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Figure 1:  Distribution of ED50 values

a) Before log transformation SD = 0.25, mean = 0.73, n = 241.

b) After log transformation SD = 0.14, mean = �0.16, n = 241.
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Scientific Basis for the Introduction 
of Alternative Methods

As a general principle, potency tests have
been designed to measure the ability of the
vaccine to protect against subsequent chal-
lenge with the active component responsible
for pathogenicity. Retrospectively, it can be
concluded that the routine use of these
methods has not resulted in the release of
ineffective vaccines. A number of alternative
methods (both serological assays and in vitro
tests) have now been developed and proposed
as replacements to current challenge-based
potency tests (10). 

It is impossible to discuss the development
of an alternative method without a clear
understanding of the purpose for which the
assay is to be used. It is essential to discrim-
inate between testing procedures (vaccine
research and development, evaluation of
novel vaccines, or existing vaccines in novel
presentations and delivery systems during
the developmental, pre-clinical or pre-licens-
ing stages), and the batch quality control of
licensed vaccines and fully established prod-
ucts. It is generally accepted that, for batch
release of established products, it should be
possible to use tests which are different from
those used to determine the efficacy of novel
formulations. However, these batch release
tests are a subset of those used to charac-
terise the product going into clinical trials.
Even so, it is important to remember that,
for a vaccine, the overriding objective of any
testing procedure for whatever purpose is
the evaluation of the ability of the vaccine to
protect against the pathogenic entity against
which it is targeted. Hence, in the ideal situ-
ation, to develop effective and credible alter-
native methods, it is essential to understand
the mechanism of protection (11). For vac-
cines, this generally means both the mecha-
nism of induction of a protective immune
response and the mode of action of the path-
ogenic entity in causing disease. Also, devel-
opment of mechanistically based assays
would require an understanding of how viru-
lence factors exert their pathogenic effects.
Such assays will eventually lead to the com-
plete replacement of animal models which
test for protection. This must be the ultimate
goal in the development of such alternatives.

However, the scientific knowledge
presently available limits the development of
such mechanistically based assays. The use

of targeted or monoclonal antibodies could
improve the specificity and reliability of
immunoassays, but these antibodies are gen-
erally not able to discriminate between all
the domains of an antigen required for its
biological function. Similarly, immunoassays
cannot always differentiate between protec-
tive and non-protective antibodies and, as
such, are limited in their prediction of pro-
tection. An additional difficulty, especially
for the human vaccines, is our limited under-
standing of the relevance to humans of the in
vivo models currently used to test for protec-
tion. Due to the lack of information that
could lead to mechanistic approaches being
undertaken, we are forced to consider possi-
ble �empirical� approaches that might pro-
vide a pragmatic solution to the problem, at
least in the short term. The use of quality
control tests to monitor consistency, rather
than to establish the �true� effectiveness of a
vaccine, might be such a solution.

For some vaccine products, in vitro assays
will not be able to completely replace animal
models for the demonstration of efficacy for
the foreseeable future. Therefore, it will be
difficult to adopt in vitro methods or serolog-
ical-based approaches where protection is
not dependent on antibody response. Never-
theless, it is likely that in vitro assays can be
validated for certain specific purposes, for
instance to monitor certain aspects of consis-
tency in production. 

Finally, it remains to be mentioned that
the need for potency testing in animals is
likely to disappear in the future when cur-
rent vaccines are replaced by highly purified
and well-characterised products from genetic
engineering technologies. 

Alternatives to the Potency Testing of 
Human and Veterinary Vaccines: 
Current Status

Potency tests in animals are currently
required for each single vaccine batch. Ide-
ally, a potency test (in vivo or in vitro) should
be able to ensure that vaccine lots meet at
least the potency of the lots for which effi-
cacy in the target species was demonstrated
and accepted during the licensing procedure.
In the ideal situation, the experimental
model (in vivo or in vitro) should reflect the
target species, in all relevant aspects, or
should be performed for veterinary vaccines
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in the target species, as is the case for many
poultry vaccines. In the classical concept of
quality control (the uniqueness of the vac-
cine batch produced), in vitro antigenicity
models are generally considered not to be
valid replacements for in vivo assays because
they quantify the amount of antigen and do
not reflect the immunogenicity of an anti-
gen, and they do not reflect the rather com-
plex cascade of responses after in vivo
immunisation.

However, with the experimental animal
models, the ideal situation is seldom met
and, in most cases, potency tests are per-
formed by using experimental in vivo models
which differ substantially from the target
species (Table I). In addition, the primary
goal of potency testing should be monitoring
of consistency after demonstration of efficacy
in the target species.

With regard to the experimental in vivo
models, the following comments can be
made.

1. In general, there are differences between
the immune responses of laboratory ani-
mals and the target species, including
humans.

2. In challenge tests, or other �functional�
potency tests, the challenge organism is a
defined laboratory strain. Its characteris-
tics might differ from the strains in nat-
ural infection and the route of infection
might be different. For example, with
whole cell pertussis vaccine potency tests,
the challenge strain (strain 18323) used
differs antigenically from the wild strains
of micro-organism (12). Also, the chal-

lenge route (intracerebral) differs sub-
stantially from the route of natural infec-
tion (respiratory tract).

3. Serological tests might measure non-pro-
tective antibodies as well as protective
antibodies.

This clearly shows that concessions to the
ideal situation have already been made, and
that judging replacement of an in vivo model
by an in vitro method on a case-by-case basis
might not be such a big step as it first seems.
In fact, in vitro methods are already being
used routinely for a number of vaccines
(Table II).

If, for a given vaccine, replacement is con-
sidered inappropriate and in vivo testing
appears to be indispensable, several rational
approaches to reducing the use of laboratory
animals should be considered.

1. Potency tests in animals could be con-
ducted at an earlier stage of production
(up-stream), and final lots produced from
the bulk could be released on the basis of
in vitro data, thereby reducing the num-
ber of tests.

2. Potency tests in animals should be
required only if the composition of the
final product is changed (for example,
new components, new seed lot, etc.).

3. For a strictly limited period of time, or for
a strictly limited number of batches,
potency could be estimated in vitro and in
vivo in order to gain additional data. For
instance, potency could be determined in
vivo and in vitro during the development
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Table I: Human and veterinary vaccines for which animal testing is required on
every final batch

Vaccine type Human vaccines Veterinary vaccines

Toxoid vaccines Diphtheria, tetanus Tetanus, Clostridium spp.

Inactivated bacterial vaccines Haemophilus B, Leptospira, swine
pertussis erysipelas, Escherichia

coli, etc.

Inactivated viral vaccines Polio, rabies Rabies, parvoviruses,
Newcastle disease, etc.



phase of a vaccine. Once a product is
licensed, in vivo testing should be discon-
tinued.

4. Validated single-dilution assays and
other simplified animal models could be
used.

Of course, all these approaches imply that
consistency of production has been ade-
quately demonstrated and is maximally
maintained by a programme of quality
assurance. Furthermore, the validity of the
alternative method (in vitro or in vivo) used
should be reassessed when significant
changes in production occur, or when the
component is included in a new combina-
tion vaccine. Significant reduction, or even
complete replacement, of routine potency
testing in animals should be possible with-
out jeopardising the quality of information
on the product.

With respect to inactivated veterinary
vaccines, a completely different situation is
evident, since the vaccines can be tested in
the target species and, in fact, batch
potency testing of poultry vaccines is regu-
larly performed in the target species. Vac-
cines for mammals are usually tested in
laboratory animal models which are based
on vaccination-challenge tests (for example,
swine erysipelas, leptospirosis, blackleg) or
serological procedures (for example,
Escherichia coli, parvovirus vaccines). Per-
formance of the potency test completely in
vitro is not yet common; however, the
monograph on feline leucosis vaccine is the
first monograph which does not stipulate
an animal test for batch potency testing
(13). 

Another promising approach has been
undertaken with the monograph on inacti-
vated rabies vaccine for veterinary use which,
since its last revision (14), includes an in vitro
immunochemical method for the determina-
tion of the glycoprotein content of the test
vaccine as an alternative to the classical
mouse challenge test for potency testing. Cur-
rently, both tests are performed in parallel,
and it is hoped that the data collected will
show a good correlation between the two test
systems and result in the replacement of the
mouse potency test in the near future.

With the veterinary vaccines, challenge
tests in laboratory animals should not be
used as gold standards in validation studies
of (future) alternative tests; the necessity
of efficacy testing of vaccines in the target
species during licensing offers the unique
possibility of comparing the results
obtained in the target species with the
results obtained by using alternative meth-
ods. So far, there has been limited progress
in implementing the Three Rs concept in
the regulatory requirements for potency
testing of veterinary vaccines; however,
alternative methods for potency testing of
various clostridial toxoids (15, 16) and
swine erysipelas vaccines (17) are available
and have been incorporated into the drafts
for revision of the monographs concerned.
These models have already been published
for consultation in Pharmeuropa, the offi-
cial journal of the European Pharma-
copoeia Commission. 

Some of the alternative methods developed
to replace challenge tests in the quality con-
trol of vaccines reached the validation stage,
as outlined below.
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Table II:  Vaccines for which no routine animal potency test is required

Vaccine type Human vaccines Veterinary vaccines

Live bacterial vaccines Oral typhoid, BCG Brucellosis

Polysaccharide vaccines Meningococcal and pneumococcal �

Live viral vaccines Measles, mumps Distemper, parvoviruses,
Marek�s disease, etc.

Inactivated viral vaccines Influenza, hepatitis A, hepatitis B Feline leucosis



The Validation of Alternative Test 
Systems for the Potency Testing of 
Vaccines: Case Studies 

Recently, the use of an in vitro method (an
ELISA procedure based on the quantifica-
tion of genetically engineered hepatitis B
surface antigen) was validated in an in-house
study. This method was intended to replace
the in vivo ED50 mouse potency test. The
in-house validation study was focused on
aspects such as the accuracy of the model,
intra-assay and inter-assay precision, speci-
ficity, and quantification limits. Based on the
results of this study, it was concluded that
the ELISA could serve as a means of rou-
tinely monitoring the consistency of produc-
tion of hepatitis B vaccine. Nevertheless, it
was still felt to be necessary to perform the
in vivo assay for stability studies and for the
validation of major process changes, such as
scaling-up of production.

A second example is the validation of sero-
logical methods as alternatives to the
potency test for tetanus vaccine. For the vet-
erinary tetanus vaccine, where the standard
method assesses potency by toxin neutralisa-
tion in mice (18), the conclusion of an inter-
laboratory study, performed in seven
laboratories in six European countries, was
that both ELISA and the toxin binding inhi-
bition (ToBI) test were suitable alternative
test systems for assessing potency (15). Cur-
rently, another interlaboratory study is in
progress to evaluate the use of ELISA and
the ToBI test for the challenge-based
potency test for human tetanus vaccines.
This study, commissioned by the EDQM and
ECVAM, is divided into several phases, giv-
ing the opportunity to allow appropriate
monitoring and any changes to the study
design which are deemed necessary. A report
of this study will be available in 1999.

One of the problems identified in these
validation studies was that only a few spe-
cific guidelines on the validation of alterna-
tive methods for vaccine potency testing
were available.

Overview of Guidelines on the 
Validation of Alternative Methods

In the last decade, efforts have been made to
establish guidelines on the validation of
alternative methods for the toxicity testing

of chemicals. In 1995, based on experience
gained during several large-scale validation
studies on toxicological tests, ECVAM pub-
lished recommendations concerning the
practical and logistical aspects of validating
alternative methods for the toxicity testing
of chemicals (19, 20). Five main stages in the
evaluation of new test methods were identi-
fied: test development; prevalidation; valida-
tion (involving a formal interlaboratory
study); independent assessment; and pro-
gression toward regulatory acceptance.

Before a test can be considered for valida-
tion or regulatory use, it must have been
properly developed, in terms of defining its
purpose, the need for the test, the derivation
of the method, its applicability for the
intended purpose, the case for its inclusion
in a prevalidation/validation study, the pro-
vision of a protocol/Standard Operating Pro-
cedures, and the definition of a prediction
model for the interpretation and application
of the results (19�22). Prevalidation includes
three main phases: protocol refinement; pro-
tocol transfer; and protocol performance
(22). The informal interlaboratory study car-
ried out at the prevalidation stage involves
assessing the interlaboratory transferability
of the method, undertaking any optimisation
and standardisation of the protocol which
may be considered necessary, and identifying
any unexpected problems with the test pro-
cedures. The objective of the prevalidation
stage is to ensure that any method included
in a formal validation study adequately ful-
fils the criteria defined for inclusion in such
a study. In the validation stage, the main
objective is to conduct an interlaboratory
blind trial as a basis for evaluating whether
a test can be shown to be relevant and reli-
able for its specific purpose, according to
defined performance criteria (19, 23). The
design of the study should reflect its objec-
tives, which need to be clearly stated and
realistic. The following main stages are
involved: selection of tests; selection of labo-
ratories; selection and distribution of test
reagents; data collection and analysis;
assessment of the outcome according to the
prediction model; and proposal of the next
steps to be taken (19, 23, 24). The published
results of a validation should be considered
in detail by one or more independent assess-
ment panels, under the auspices of appropri-
ate national or international organisations,
before any regulatory authorities, or their
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equivalent, are asked to consider the formal
acceptance of any satisfactorily validated
method for incorporation into the regulatory
framework (21). 

Apart from general guidelines, little has
been published on the validation of alterna-
tive methods in vaccine quality control. Prac-
tical information on the validation of in vitro
methods for toxoid vaccine potency testing
was provided by the WHO (25). These guide-
lines included specifications for the number
of assays (for each formulation of vaccine,
not less than ten valid parallel line assays
using both the classical test and the alterna-
tive model), the criteria for acceptance and
the cases for reassessment of the validity of
the assay. General guidelines on validation
procedures have been given by the WHO (4),
the European Pharmacopoeia (26), and the
International Conference on Harmonisation
(ICH; 27).

Prevalidation and Validation of 
Alternative Methods for Vaccine
Potency Testing: Background 
Information 

Those tests which involve the most animals
and the largest amount of suffering should
be given the highest priority for the valida-
tion of alternative methods. However, this is
moderated by whether the state-of-the-art
seems likely to make replacement a reason-
able possibility for any particular product
test. In this context, for veterinary vaccines,
the validation of alternative methods for
potency testing of clostridial, erysipelas and
rabies veterinary vaccines has generated
considerable interest. For human vaccines,
much activity has occurred in the testing of
tetanus and diphtheria toxoid and hepatitis
B vaccines. There are still a very substantial
number of products for which there are
presently no useful alternative tests.

There are very many products, the tests
for which are very product-specific; however,
for each product there are usually very few
manufacturers. A consequence of this is that
each validation study is of concern to only a
small group of individuals. Although the
manufacturers should have the prime
responsibility for initiating validation stud-
ies, they may have neither the human nor
the financial resources to do this. Hence, the
responsibility for initiating these studies has

become an uneasy compromise among all the
parties concerned (for example, manufactur-
ers, national and international control bod-
ies, pharmacopoeial authorities). Significant
progress has been made with a small group
of widely used human and veterinary vac-
cines. The use of alternative methods for
tetanus potency testing has been allowed by
the WHO since 1990 (28), but no interna-
tional collaborative study was performed
until recently. This study, based on a collab-
oration between the European Pharma-
copoeia, the RIVM, ECVAM and several
national control laboratories, is a good exam-
ple of the cooperation between various par-
ties which is essential to make validation
studies successful.

Guidelines on Various Aspects of 
Validation of Potency Tests for 
Vaccines

There have been a number of attempts to
produce general guidelines for the validation
of potency tests for veterinary and human
vaccines. General acceptance of these guide-
lines has been very difficult to achieve,
largely because the views of regulators in dif-
ferent countries and those of industry vary
greatly. These differing views essentially
stem from entrenched ideas about what con-
stitutes validation, so that methods may be
considered valid by one authority but invalid
by another. This in turn makes manufactur-
ers wary of introducing new techniques,
since the risk of rejection by one authority is
far greater than if established methods are
employed, even if those methods are them-
selves not fully validated. Without doubt,
this situation has limited, and continues to
limit, progress, particularly in the develop-
ment and introduction of alternative tests.

It is evident that clear, practical, under-
standable and widely accepted guidelines
are needed. However, decisions must be
taken about the purpose of these guidelines.
They need to provide guidance not only to
those intending to develop and validate
methods, but also to assessors and experts
who must evaluate the results of the studies
as part of the registration process. Secondly,
consensus is needed to decide the broad con-
tents of the guidelines. It was agreed at this
workshop that guidelines need to include
definitions of terminology, particularly a
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clear definition of what constitutes a
potency test, and the terms applicable to
validation studies themselves. As far as pos-
sible, these definitions should be consistent
with those already promulgated in existing
documents. The definitions given in Appen-
dix 1 are derived from documents of the
WHO (3, 4), the European Pharmacopoeia
(26), the ICH (27) and ECVAM (19, 23). In
addition, it was considered that guidelines
should include advice on required levels of
laboratory competence (accreditation),
experimental design, statistical tools, estab-
lishment of criteria, use of reference prep-
arations, and techniques for the
maintenance and continuity of validity.

The ultimate objective is to provide guide-
lines which will facilitate the development,
validation, implementation and regulatory
acceptance of alternative methods, but it was
agreed that this cannot be done in isolation.
To be acceptable, alternatives have to be at
least as good as existing in vivo methods for
the purpose for which they are designed.

The first requirement is to define what a
potency test is supposed to do. Potency must
be correlated with efficacy but a potency test
does not necessarily need to measure efficacy
directly. The test must, however, be capable
of detecting batches which possess an activ-
ity different to that of a batch, or batches, for
which efficacy has been demonstrated. The
test should be capable of detecting batches
which have either a lower or higher activity,
and should normally be capable of quantify-
ing that difference, although for routine
batch release purposes it might be sufficient
that the test indicates only that the test
batch has a potency at least equal to the ref-
erence preparation or to an efficacious batch
produced previously.

There are therefore two basic aspects of
validation which need to be considered: vali-
dation of the correlation with efficacy; and
validation of the method itself.

Since the methods used vary greatly, it fol-
lows that the approaches for validation are
likely to vary. Consequently, it would seem
reasonable to structure a guideline so that a
general section on principles is followed by
more-specific guidance for different types of
tests applicable to different types of product.

As a starting point, the following groups of
tests might be considered.

1. Test for live vaccines � viral titrations,
bacterial counts, viability assays.

2. Challenge models � laboratory ani-
mals/target species.

3. Serological methods � mainly for inacti-
vated products.

4. Cell-mediated immunity assays.

5. Totally in vitro approaches � antigen
quantitation. 

In addition, the relationship between valida-
tion of potency methods and process valida-
tion (maximising quality assurance) should
be considered.

Based on this general outline, it was
agreed that a first draft of a guideline would
be prepared. ECVAM will be asked to estab-
lish a task force to work on this. It was
agreed that the guideline would be discussed
in relation to its application for both human
and veterinary products; a decision will need
to be made as to whether separate but paral-
lel guidelines should be developed for the two
areas. 

Apart from the lack of clear guidelines,
some general difficulties in developing, vali-
dating and implementing alternatives were
identified. These difficulties stem in part
from: a) the �good experience� and �reassur-
ance� provided to both manufacturers and
regulators by the continued use of familiar,
but sometimes imperfect, animal tests; b)
cost and resource considerations of develop-
ing and validating alternative methods; and
c) the inevitably slow process of multina-
tional agreement to revise pharmacopoeial
monographs. An indication of the timetable
usually required for the whole process of test
development to regulatory acceptance is
shown in Table III.

Biostatistical Methods in the 
Validation of Alternative Methods in 
Vaccine Potency Testing

Biostatistical methods are an essential tool
in the analysis of data generated during a
validation study. Providing recommenda-
tions on the application of these methods is a
difficult task. However, there was general
agreement that the appropriate statistical
tools should be selected and applied by a bio-
statistician familiar with the conduct and
requirements of validation studies. The bio-
statistician should endeavour to formulate
the choice of methods during the test devel-
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opment phase, but the results obtained dur-
ing prevalidation could feasibly give rise to
the adoption of another, more appropriate,
statistical approach than was intended ini-
tially. To prevent, as far as possible, the
selection of an inappropriate design and/or
statistical method, it is strongly recom-
mended that the biostatistician is involved at
all stages of the development and validation
of the test, and also that the analyses are car-
ried out by two independent biostatisticians.
This could prevent misinterpretation of the
data, or biased conclusions due to the choice
of methods.

It should be borne in mind that the answer
to whether the response measured in an
assay is directly related to the efficacy of the
product cannot be provided by statistical
methods, since these can only support or
reject the validity. In order to select an opti-
mal design, it is necessary to formulate the
expected ultimate goal of the alternative
method at an early stage, and statistical
analyses should be performed. The following
factors play an important role:

� whether the alternative is a single-dilu-
tion or a multiple-dilution assay;

� whether the method has to be able to
assay products from different manufac-
turers against the same reference;

� whether the existing method is known to
reflect reliably the efficacy of the prod-
uct;

� whether this alternative method has to
give quantitative results (i.e. a potency
estimate) or only has to answer the ques-

tion of whether or not the product meets
a given minimum (and perhaps a maxi-
mum) requirement; and

� what the key variables are that could
possibly jeopardise the study (if they
were not prescribed in the Standard
Operating Procedure), and which vari-
ables can be ignored.

Selection, Preparation, Validation and 
Maintenance of Reference Materials

In many cases, the application of alternative
methods in vaccine potency testing will
require the selection of reference prepar-
ations, both for international standardisa-
tion purposes and quality assurance. An
example is the introduction of reference sera
when challenge potency tests are being
replaced by a serological-based method.
These preparations have to be calibrated
before introduction into routine testing. 

Many current principles used in the stan-
dardisation of reference materials will apply
equally to human and veterinary vaccines.
Traditionally, International Standards and
reference reagents have been established
and calibrated in interlaboratory validation
studies so that national standards and
in-house reference preparations can be cali-
brated and used for potency and other test-
ing of biological products. International
Standards, established by the WHO, are
known as primary standards. Secondary
standards, calibrated where appropriate
against the WHO standard, can be regional
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Table III: Approximate time-scale from test development and implementation in
test guidelines

Required time Total time
Stage (years) (years)

Development of test 2�3 2�3
In-house validation 1 3�4
Prevalidation 1 4�5
Validation study 2�3 6�8
Acceptance of test 1.5 7.5�9.5
Preparation of reference preparations 1.5 9�11
Implementation of test in regulations 0.5 9.5�11.5



(for example, European Pharmacopoeia
working standard), national, or specific to a
particular company (manufacturer�s work-
ing standard).

As the alternative assays are being devel-
oped for testing vaccines, the need for stan-
dardisation will continue. However, while it
will be desirable to use the same reference
standard for both the classical method and
any alternative test, it may be necessary to
develop method-specific reference materials.
For example, it may sometimes be appropri-
ate for a reference material to be a vaccine,
but in other cases a (homologous) serum
derived from an animal or group of animals
vaccinated with the product may be more
appropriate. In other cases (for example,
rabies vaccine potency test), specific mono-
clonal antibodies will be of use. For some
tests, highly purified antigens might be the
best material. Generally, there needs to be
some clearly defined relationship (for exam-
ple, homologous reference serum samples)
between the reference material and the prod-
uct of demonstrated efficacy and potency.
Furthermore, it is important to demonstrate
in the test systems involved that the test
samples behave in the same way as the ref-
erence samples, though they need not neces-
sarily be identical.

One point which is particularly worth not-
ing is that establishing reference and stan-
dard materials requires a very substantial
resource input. Consequently, it is always
advisable to consider whether the material
can be made to serve multiple purposes. The
preparation of reference materials is the ulti-
mate responsibility of the regulatory bodies
or, for international standards, the WHO.

Reference preparations must be stable.
Therefore, particular attention needs to be
given to the method of preparation and the
formulation of the reference preparation.
This may mean that the material will be
stored under different conditions than the
commercial product itself, even when the ref-
erence is the actual vaccine. Documentation
should be provided of the preparation,
including the characterisation and storage
conditions. These should relate to the stabil-
ity of the reference preparation and not
interfere with intended use. Presentation of
appropriate filling volume will ensure opti-
misation of its use in the most economical
way. The validity of the reference prepara-
tion depends on it being maintained prop-

erly. In order to do so, the stability of the
material must be understood and monitored.
In principle, trend analysis of data generated
during routine testing might provide useful
information on the reference preparation. 

The key piece of information that is
required in respect of any standard or refer-
ence preparation is its activity, which will be
defined in terms of units used in the test
method(s). Where an International Standard
exists, calibration is in International Units
(IU). However, we need to be very sure of
this assigned value. For calibration, an offi-
cially recognised method should be used. The
method used must therefore be fully vali-
dated with respect to its characteristics, its
variability, its robustness and its accuracy.
This will allow definition of the activity of
the reference material in those terms. In the
case of a standard, definition of the assigned
value should be the result of an interlabora-
tory study, preferably involving both manu-
facturers and regulatory authorities.

Long-term maintenance of standard and
reference preparations also requires that
defined procedures are in place for replace-
ment of the reference when this is necessary.
This can usually be achieved with multiple
assays, comparing the new and old materials,
but it is obviously essential that both prepar-
ations are produced by identical means and
that results obtained are comparable in
terms of repeatability, robustness and speci-
ficity, and expressed with reference to the
International Standard wherever appropri-
ate.

Harmonisation

Positive steps are being taken with respect to
the adoption of alternative potency test
methods, which can promote harmonisation
of requirements for biological products. It is
to be expected that the shift to reliance on
production consistency rather than solely on
final product testing presents an opportunity
to promote harmonisation in this area.

Guidelines for the validation of alternative
tests can contribute to this effort. There will
be a need to ensure that there is a strong sci-
entific basis in assessing the credibility of a
validation study. Involving control authori-
ties (working according to guidelines from
different regional and/or international bod-
ies [WHO, European Pharmacopoeia, etc.])
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in collaborative studies for test validation
should be strongly considered as a mecha-
nism to promote harmonisation. The exist-
ing channels through the WHO, the
European Pharmacopoeia, ECVAM, and
other multilateral groupings, ICH and
national authorities should be used to their
full extent in this effort.

Conclusions and Recommendations

1. Information on the potency of vaccines
should ideally be obtained in the target
species. However, in most cases, potency
tests are performed with experimental
in vivo models which differ from the nat-
ural infection in the target species.
Thus, concessions to the ideal situation
have already been made and replace-
ment of these in vivo models by in vitro
methods may not necessarily imply loss
of valid information. 

2. Vaccine quality control should be seen as
providing confirmatory evidence of the
consistency in production. This places
emphasis on in vitro methods which may
usefully replace or supplement the in vivo
tests currently used in batch testing.

3. The change in emphasis to reliance on
production consistency in addition to
final product testing presents an oppor-
tunity to reduce the numbers of animals
being used and to promote harmonisa-
tion in this area.

4. When it is considered impossible to
introduce in vitro potency tests, and in
vivo testing is still considered indispens-
able for a given vaccine, rational
approaches, such as shifting in vivo
potency testing to an earlier stage in the
production, or the use of single dilution
assays, should be considered, in order to
minimise the use of laboratory animals.
The use of endpoints other than lethality
or severe clinical signs should be evalu-
ated.

5. During test development and validation,
attention should be given to the identifi-
cation of parameters which can be used
to monitor consistency in production
and testing.

6. Challenge tests in laboratory animals
should not be considered as the gold

standard for the validation of (future)
alternative tests, although they may be.
For veterinary vaccines, the necessity of
efficacy testing of vaccines in the target
species during licensing offers the
unique possibility to compare the results
obtained in the target species with the
results obtained by using alternative
methods.

7. In order to gain experience with an in
vitro assay in routine testing, such an
assay could be conducted in parallel with
in vivo potency tests in a small number
of animals for a strictly limited period of
time (for example, 2 years) or with a
strictly limited number of batches (for
example, the first 5�10 batches).

8. For human rabies vaccines, data on par-
allel studies conducted with both the in
vivo and the in vitro models to estimate
the potency of batches should be made
available to the regulatory bodies. On
the basis of valid data, deletion of the in
vivo test from the European Pharma-
copoeia monograph for human rabies
vaccines should be considered. 

9. Those tests which involve the most ani-
mals and the most suffering should be
afforded the highest priority for the
development and validation of alterna-
tive methods. Obviously, consideration
must also be given to whether the
state-of-the-art is such that replacement
is a reasonable possibility. 

10. In the validation of alternative methods
in vaccine potency testing, appropriate
statistical methods should be selected
and applied by a biostatistician. 

11. To prevent the selection of an inappro-
priate design, and/or statistical method,
it is strongly recommended that a bio-
statistician, familiar with validation
studies, is involved at all stages of the
test development, validation and data
analysis. 

12. Involving control authorities (working
according to guidelines from different
regional and/or international bodies,
such as the WHO and the European
Pharmacopoeia, in collaborative valida-
tion studies should be strongly consid-
ered as a mechanism to promote
harmonisation.
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13. A task force should be established to
draft guidelines for the validation of
alternative methods for the potency test-
ing of vaccines.
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Appendix 1

Terminology

Accuracy is the closeness of the agreement
between the accepted reference value and
the mean of the repeated values found.

Antigenicity is the extent to which an anti-
gen will react with the immune response
elicited by the immunogen. 

Efficacy is the extent to which a presumed
useful effect is achieved. Efficacy must nec-
essarily be measured in the target species. 

Immunogenicity is the extent to which an
antigen is capable of eliciting a specific type
of immune response in the host animal.

Limit of detection is the lowest amount of
the biologically active compound in a sample
which can be detected, but not necessarily
quantitated, as an exact value.

Limit of quantitation is the lowest
amount of the biologically active compound
in a sample which can be quantitatively
determined with appropriate precision and
accuracy.

Linearity refers to results which are either
directly or, by a well defined mathematical
transformation, proportional to, the concen-
tration of the biologically active compound
in the sample.

Potency is a measure of some parameter
which has been shown to be related directly
or indirectly with efficacy. The parameter
may be measured by a challenge or non-chal-
lenge method in the target species, or in a
laboratory animal model or in an in vitro
assay. 

Precision is the closeness of agreement
between a series of measurements obtained
from multiple sampling of the same homoge-
neous sample under the prescribed condi-
tions:

� repeatability (= intra-assay precision)
expresses the precision under the same
operating conditions over a short inter-
val of time;

� intermediate precision (= inter-assay
precision) expresses intralaboratory
variations, for example, different days,
different analysts, or different equip-
ment;

� reproducibility expresses the variance
between laboratories (collaborative
studies). 

Range is the interval between the upper
and lower concentrations of the biologically
active compound in the sample for which it
has been demonstrated that the analytical
procedure has a suitable level of precision
and accuracy.

Reference is in-house preparation, the
activity of which may be expressed relative
to a standard preparation or in appropriate
units derived from the test method.

Robustness is a measure of its capacity to
remain unaffected by small, but deliberate,
variations in the method parameters and
provides an indication of its reliability dur-
ing normal usage.

Specificity is the ability to assess unequiv-
ocally the biologically active compound in
the presence of compounds which may be
expected to be present.

Standard is the preparation of defined
activity and composition available to any
manufacturer, normally through a national
or international authority.

Validation is the process by which the reli-
ability and relevance of a procedure are
established for a specific purpose.




