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Abstract
Most vaccines for human use are complex biological mixtures consisting of one or more vaccine antigens 
and an adjuvant product to enhance the immune response. Consequently, vaccine batch release is based on 
extensive statutory required quality control emphasizing final lot testing. Traditionally, this area of research 
and testing requires large numbers of animals while levels of pain and suffering are high compared to other 
purposes of animal experimentation. This overview will discuss some of the opportunities for Three Rs 
alternatives in this field. Particular attention will be give to vaccine quality control, being the major target 
for Three R research. It is concluded that progress has been made. However, obstacles may limit effective 
acceptance or implementation in routine use. Several of these obstacles will be discussed. Finally, this 
paper will elaborate on a new strategy in vaccine quality control that ultimately might lead to a substantial 
reduction of animal use, the so-called 'consistency approach'. 

In the consistency approach emphasis is given to aspects such as in-process testing, the implementation of 
Good Manufacturing Practice (GMP) and to Quality Assurance (QA). The new strategy particularly focuses 
on a set of non-animal test models including physicochemical methods, immunochemical methods and in 
vitro models to monitor key aspects of antigen quantity and quality and of specific immune responses. 
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Introduction
Vaccinology is the discipline in biomedical 

research that aims to study the various aspects of 
vaccine R&D, vaccine production technology and 
vaccine quality control. Its roots date back until the 
2nd half of the 19th century with landmarks such as the 
development of the rabies vaccine by Louis Pasteur 
(1885) and the introduction of the serum therapy 
(antitoxins) for Diphtheria by Emile von Behring and 
Shibasaburo Kitasato (1891). Vaccinology is a key-
element in current health care programs and has been 
instrumental to the world-wide decrease in infant 
mortality. 

However, in terms of laboratory animal use there 
is a price to pay. Substantial numbers of animals 
are required for each aspect of vaccinology and, in 
comparison to other areas of biomedical research, 
a relatively high percentage of the animal models 
involves severe pain and suffering. 

There is growing interest now in the use of 3R 
methods and approaches; for animal welfare reasons 
but also for economic, pragmatic and scientific 
reasons. Animal studies are expensive and time-

consuming and some of the studies are of questionable 
relevance. This paper will provide an overview of 3R 
progress being made in the area of vaccinology. In 
addition, it will also discuss the various obstacles in 
the implementation of 3R methods.

How many animals are being used and for what 
purposes?

No precise figures on animal use are available. 
However, it is generally assumed that numbers exceed 
15% of total animal use in biomedical research. 

In vaccine R&D laboratory animals are used for a 
wide range of purposes, such as adjuvant selection, 
about immunogenicity, immunokinetics and safety of 
the selected antigen components. Preclinical testing 
aims to provide the information that is required 
for product licensing, such as on route and dose 
of administration, vaccine formulation, local and 
systemic toxicity, etc. 

Animal use for vaccine production purposes is 
limited and restricted to viral vaccines only. Virus 
can be cultured in vivo, or in primary or sub-cultured 
mammalian cells. 
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Most animals are needed for statutory required 
batch release testing. These tests are specified 
in monographs of national (e.g. FDA, USDA) 
or international pharmacopoeias (e.g. European 
Pharmacopoeia) and are routinely performed 
worldwide. Important elements of batch release 
testing are safety and potency. Safety refers to 
specific toxicity (related to the vaccine components 
such as antigen or adjuvant) and a-specific toxicity 
(e.g abnormal toxicity and safety testing). Potency 
testing aims to show that the vaccine batch produced 
is able to induce protective immunity after vaccine 
administration. 

Why is there a need to develop 3R methods?
Vaccinology is characterised by the high number 

of laboratory animals used and the relatively high 
frequency of tests with substantial pain and suffering. 
This is particularly so in potency tests which can be 
multi-dose models that include a challenge procedure 
with virulent micro-organisms, e.g. in rabies vaccine 
potency testing. Generally, laboratory animal use can 
be justified when weighing the benefits of the studies 
in terms of benefits for public (or veterinary) health 
versus the costs in terms of animal use. However, 
there is strong feeling in public circles to increase 
efforts towards replacing, reducing or refining the use 
of animals in biomedical research and testing. 

Animal studies are also expensive and time 
consuming. Results of potency tests are only available 
after 2 months, which is a disadvantage considering 
the shelf-life of several vaccines which might be 
limited to about 2 years. 

Finally, 3R development might be driven by the 
scientific limitations of the animal models used, 
such as a questionable relevance or reliability. To 
mention a few examples. The rabies vaccine potency 

test (or NIH test) has a poor reproducibility and 
wide confidence intervals (Bruckner et al.,2003). 
Consequently, these tests often have to be repeated 
in order to get valid results. The safety test in quality 
control of veterinary vaccines is often criticised for 
its doubtful relevance (AGAATI, 2002). Finally, 
animal use in viral vaccine production is strongly 
discouraged for safety reasons. Animal cells might be 
a source for transmission of pathogens. 

Which 3R methods are now available?
In vitro methods are now increasingly being used in 

vaccine R&D and preclinical testing. Thus, interaction 
of antigenic structures with immune cells can now 
be studied in vitro using cultures of e.g. T cells. 
However, the immune response is a highly complex 
process, involving various cell types, such as T and 
B cells, accessory cells and antigen processing cells, 
that modify and quantify the response by producing 
cytokines (Metz et.al.2002) . Until now, it has not 
been able to mimic this highly complex process in a 
test tube. Although elements of the immune response 
can be studied in vitro, the proof of the pudding 
still requires the use of a complex organism; the 
laboratory animal (Hendriksen & Hau, 2005). 

In viral vaccine production, animals are almost 
completely replaced by virus propagation in 
continuous cell lines. Not for ethical reasons but 
mainly to improve the safety of the vaccines. Table 1 
shows the past and current technologies used for the 
production of several viral vaccines. 

Nowadays, there are only a few viral vaccines 
that still need the use of animals for production, 
such as the Japanese encephalitis vaccines which is 
propagated in primary hamster kidney cells. 

Substantial 3R progress has been made in the 
area of vaccine quality control, not only in terms 

Table 2: Safety testing and 3R progress in human and veterinary vaccine quality control (European Pharmacopoeia)
Vaccine Safety test Animal model 3R alternative Kind of R Status Ph.Eur.
Human vaccines Abnormal toxicity Mouse & guinea 

pig
Deletion of test Replacement Accepted on condition 

of demonstrated 
consistency

Diphtheria Residual toxicity Guinea pig 
(intradermal)

VERO cell test Replacement Accepted 

Whole cell 
pertussis vaccine

Weight-gain test Mouse Numbers of animals Reduction Accepted 

Oral polio Neurovirulence Monkey 
(intracerebral)

a) Trangenic mouse 
or b) PCR method

a) Refinement
b) Replacement

a) under validation 
b) under validation

Veterinary 
vaccines

Target animal 
safety test

Target animal Deletion of test Replacement Accepted on condition 
of demonstrated 
consistency

Avian vaccines Extraneous agents Chicken Cell culture Replacement Accepted 
Ph.Eur. = European Pharmacopoeia

Viral Vaccine Past production technology Current production technology
Poliomyelitis Primary of subcultured monkey kidney cells Continuous cell lines (e.g. VERO cells)
Rabies Baby rabbits, mice Continuous cell lines 
Influenza Embryonated chicken eggs Continuous cell lines
Smallpox Calf skin Continuous cell lines

Table 1: Past en current production technology of some viral vaccines 
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of replacement, but also in terms of reduction and 
refinement and even by deletion of specific animal 
tests. Tables 2 and Table 3 provide an overview 
of the 3R methods that have been incorporated in 
the monographs of the European Pharmacopoeia 
(Ph.Eur., 2007). Examples of tests that have been 
deleted include the abnormal toxicity test in quality 
control of human vaccines (Schwanig et al., 1997) 
and the safety test in quality control of veterinary 
vaccines (AGAATI, 2002), this on the condition of 
demonstrated consistency in production and working 
according to the principles of Good Manufacturing 
Practice (GMP) and Quality Assurance (QA). 

In vaccine potency testing alternatives are divers, 
ranging from the application of humane endpoints 
(Cussler et al.1999) in order to reduce animal 
suffering, the reduction in numbers of animals per 
dose or the number of doses used, the replacement of 
challenge procedures by serological approaches, or 

even replacing animal studies by in vitro cell cultures 
or ELISA methods for antigen quantification. 

What are the obstacles in the implementation of 
3R methods?

Generally, success of 3R development in regulatory 
testing is expressed in terms of 3R models being 
accepted by regulatory authorities. One of the 
major hurdles to get there is the validation process; 
the process to demonstrate the relevance and 
reliability of the alternative test method in a multi-
laboratory study. Validation of 3R models indeed is 
a complex and generally (although not always) time 
consuming activity. Table 4 shows the various steps 
and time intervals required for the validation (in 
collaboration with the European Pharmacopoeia) of 
the serological alternatives in tetanus vaccine potency 
testing (Winsnes et al., 1999). It took 17 years 
between method development and acceptance of the 
serological approach by the European Pharmacopoeia. 

However, test acceptance by the regulatory 
authorities not necessarily means that the 3R 
method is being implemented as a routine test 
in every laboratory. Although this is in conflict 
with existing regulations on the use of animals in 
biomedical research (e.g. art.7.3.of EU Council 
Directive 86/609/EEC states that 'In a choice between 
experiments, those which use the minimum number 
of animals, involve animals with the lowest degree 
of neurophysiological sensitivity, cause the least 
pain, suffering, distress or lasting harm and which 
are most likely to provide satisfactory results shall be 
selected'), there are several reasons why laboratories 
are not wil l ing or are not able to meet these 
requirements. The next paragraph will summarise 
some of them. 

Table 3: Potency testing and 3R progress in human and veterinary vaccine quality control (European Pharmacopoeia)
Vaccine Potency test Animal model 3R alternative Kind of R Status Ph.Eur.
All Challenge tests with 

severe clinical signs
Humane 
endpoints

Refinement Accepted 

Tetanus Lethal/paralytic 
challenge test

Mouse/guinea 
pig

Serology instead 
of challenge

Refinement and 
reduction 

Accepted 

Diphtheria Lethal/intradermal 
challenge

Guinea pig Serology instead 
of challenge

Refinement and 
reduction 

Accepted 

Tetanus and diphtheria Serological test Guinea pig Single dose Reduction Accepted 
Hepatitis B Serological test Mouse Antigen 

quantification
Replacement Accepted after 

validation
Poliomyelitis (inactivated) Serology Rat Antigen 

quantification
Replacement Accepted after 

validation
Rabies (cell culture, human 
use)

Lethal challenge test Mouse Single dilution 
assay

Reduction Accepted 

Erysipelas Lethal challenge Mouse Serology Refinement and 
reduction

Accepted

Canine leptospiral (non-
adjuvanted)

Lethal challenge Hamster Antigen 
quantification

replacement Accepted after 
validation

Clostridial novyi (type B)/
perfringens/septicum

Toxin-neutralization 
test

Rabbit/mouse Serology instead 
of challenge

Refinement and 
reduction

Accepted 

Newcastle disease 
(inactivated)

Lethal challenge Chicken Antigen 
quantification

Replacement Accepted after 
validation

Ph.Eur. = European Pharmacopoeia

Step in the process of test acceptance Year (and total)

1) Test development  1986 
2) In-house validation  1989 (3)
3) Pre-validation (test optimisation, SOPs, 
technology tranfer)

 1996 (10)

4) Formal validation  1996 (10)
5) Submission of proposal for revision of 
monograph

 2001 (15)

6) Draft revision of monograph  2002 (16)
7) Publication in Pharmeurope  2002 (16)
8) Analysis of comments  2003 (17)
9) Acceptance by European Pharmacopoeia 
Commission

 2003 (17)

Table 4. Tetanus vaccine potency testing: time interval between 
3R method development (serology) and acceptance by the 
Ph.Eur.
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Lack of harmonisation. This is probably the 
biggest hurdle in 3R implementation in the area 
of vaccine quality control. Acceptance of a 3R 
method by one regulatory authority not necessarily 
means acceptance by another authority. Vaccine 
manufacturer that export their vaccines have to meet 
the requirements of the various authorities. The 
solution would be harmonisation of test requirements 
or mutual acceptance of each other test data. Both 
approaches require agreement between the various 
competent authorities, which is a political procedure 
and consequently tedious and time consuming. The 
International Conference on Harmonization (ICH) 
might play a leading role in harmonization, but 
unfortunately, until now they didn't have their focus 
yet on vaccine quality control and animal tests. 

Economical arguments. Every modification of the 
test procedure requires a submission of the variation 
by the manufacturer to the registration authorities 
of each country where the product is licensed. Apart 
from the manpower at the manufacturer's level that is 
needed to compile the data and to write the variation, 
laboratories are also charged by the competent 
authorities to cover the administrative costs. 

Poor implementation attitude at the laboratory 
level. Apart from practical and economic arguments, 
laboratories might also lack the incentive to 
improving animal welfare, simply as it is not 
considered to be a worthwhile goal. An enquiry 
at vaccine quality control laboratories in Europe 
showed (unpublished information) that most of these 
laboratories did not apply humane endpoints although 
this is now allowed by the European Pharmacopoeia, 
Instead, they continued to use lethal or severe clinical 
endpoints. 

Pragmatic reasons. The implementation of 
some 3R alternatives requires laboratories to show 
consistency in production and testing. For instance 
for waiving the safety test, the application has to be 
based on data of at least ten consecutive batches. 
In case only a few batches of a specific vaccine are 
produced per year, this might take a considerable 
number of years. 

Lack of training. Some 3R methods require a 
different kind of expertise of staff than what is needed 
for the animal test. Thus, the consequence of moving 
from in vivo potency testing to the use of analytical 
models such as HPLC would require laboratories 
to appoint well trained analytical experts and to 
discharge animal technicians. In case animal welfare 
is the only spin off laboratories might be reluctant to 
do so.

The way forward
In the area of vaccinology substantial progress 

has been made with regard to 3R development 
and acceptance. Whether this has also resulted in 

a substantial reduction in numbers of animals or 
refinement in its use still has to be seen. Although 
often ignored, implementation seems to be the weak 
part for a 3R approach to be successful. Solutions 
are divers and range from harmonizing guidelines or 
mutual acceptance of data to offering training courses 
in new 3R test methods, waiving fees for submission 
of dossier variation to registration authorities or 
stimulate laboratories to work in line with existing 
regulations that favour 3R use. 

Another way forward in batch release testing 
might be a paradigm shift in quali ty control. 
Recently, a new concept in vaccine quality control 
has been brought to the forefront (Metz et al. 2002). 
The bottom line of the consistency approach is 
that each vaccine batch produced at the vaccine 
production facility is one of a series of batches 
produced from the same seed lot. Consequently, the 
new batch shares many of the characteristics of the 
previous batches produced from the same seed lot. 
This allows for a new strategy of quality control, 
demonstrating consistency in production, giving 
emphasis to aspects such as in-process testing, the 
implementation of Good Manufacturing Practice 
and to Quality Assurance. This strategy particularly 
focuses on a set of non-animal test models including 
physicochemical and immunochemical methods (Metz 
et al. 2003) to monitor key aspects of vaccine quality. 
Physicochemical methods are particularly useful 
for showing deviations of antigen conformation and 
structure. The presence and functional expression of 
specific B cell epitopes on the antigen can be tested 
by interaction between the vaccine antigen and a 
panel of monoclonal antibodies. Some key elements 
in immune responses are still not fully understood, 
such as interaction between vaccine antigen and 
adjuvant product and major research efforts are 
still needed. However, it is believed that ultimately 
implementation of the consistency approach will 
contribute significantly towards the elimination of the 
use of animals in regulatory required vaccine quality 
control. 
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