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physico-chemical methods. In many cases the
mode of action of the agents is so complex that
it is difficult or impossible to define the active
component completely other than by its
biological effect. This is obviously the case for
live vaccines where the active immunising
material is generated in the recipient of the
vaccine, but is also true of other vaccine types,
where complex interactions with the immune
system are required to provide long lasting
immunity. The approach to quality control and
safety assessment of vaccines and other
biological products therefore takes into account
production parameters, which may have a
major effect on the clinical properties of the
material which cannot be identified by end
product testing. The testing of the final product
is also important, involving tests which are
surrogates of the effect induced by the material.

1.3 In addition to the complexities associated with
the active substance, biological medicines in
general and vaccines in particular are by
definition almost always produced in living
systems rather than by chemical synthesis. The
system introduces unknowns such as the quality
of medium components, the nature of cells used
in production or contamination by infectious
agents independent of the active material.

1.4 In summary, the emphasis for the production of
safe biologicals is very different from that for
small molecular entities. The complexity of
production and mode of action require that they
be given separate and specific consideration.

1.1 Vaccines are given to healthy individuals to
prevent disease. They have been used for many
years and make the most cost effective
contribution to public health of any medical
intervention. Smallpox has been eradicated by
the use of vaccine, and polio may well follow it
soon. Diseases such as whooping cough
(pertussis) and diphtheria are controlled by
vaccines, and when vaccination uptake falls, as
for pertussis in the UK in the late 1970s, or
diphtheria following the collapse of the USSR
in the 1990s, the diseases re-emerge, proving
the effectiveness of vaccination as a safe public
health measure. It is possible for vaccines to
have direct adverse effects on the recipients, but
the use of an ineffective vaccine can also be
dangerous, leading to the erroneous view that
populations are protected when they are not.
The issues of safety and efficacy therefore
overlap from the point of view of public health
when vaccines are considered.

1.2 Vaccines are a class of biological medicines,
defined here as materials made or assayed in a
biological system. Biological medicines include
hormones made by expression of recombinant
DNA in suitable prokaryotic or eukaryotic
systems, clotting factors derived from human
blood and bacterial and viral vaccines produced
in a variety of systems. In comparison with
smaller chemical entities, the substances
themselves are complex and their activity is
dependent on higher order structures, including
conformation and aggregation, which are very
difficult to define completely by routine

Chapter One - Introduction
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Types of vaccine

2.1 Vaccines are designed to reduce disease burden
by the induction of immune responses, and fall
into several different categories. Many vaccines
against viral diseases are live attenuated
organisms, which can infect recipients but do
not cause disease. The agents imitate natural
infection and are therefore assumed to provoke
a similar spectrum of immunity; they include
live polio vaccines, measles vaccine and
tuberculosis vaccine (BCG). The immunity is
generated in response to organisms produced in
the recipient, which are clearly not part of the
manufacturer’s production process. Other
vaccine types take the form of killed
preparations of whole organisms; examples
include inactivated polio vaccine or influenza
vaccines, and the whole cell pertussis vaccines.

2.2 The production of the agent before inactivation
and the inactivation process itself are crucial to
vaccine safety and efficacy. Many vaccines
contain single active components, such as
tetanus and diphtheria toxoids, which are
relatively crude preparations of bacterial toxin
inactivated with formalin. More recently
developed vaccines include acellular pertussis,
composed of a limited number of defined
bacterial components, or meningococcus C or
pneumococcal carbohydrate conjugated to a
carrier molecule to enhance immunogenicity.

2.3 While the more recent vaccine types are better
defined than the earlier vaccines it is difficult to
characterise their immunogenic potential fully in
chemical terms. Even a recombinant DNA
derived vaccine such as that against hepatitis B is
complex although the protein involved is very
well characterised, as it presents as a particle with
a high lipid content adsorbed to an adjuvant to
enhance immunogenicity. The in vitro assays
used to characterise Hepatitis B vaccine have
recently proved inadequate to predict
immunogenicity in humans. Vaccines based on
DNA or peptides and newer schedules such as
the prime/boost approach adopted in some areas
remain experimental (see Appendix 2 for an
example).

Specific concerns arising from vaccines
as medicinal products

2.4 Vaccines may be given to very large numbers of
healthy people, often children, to prevent, not
treat disease. Developmental conditions can
appear at the ages when vaccines are given. For
example whole cell pertussis vaccine
undoubtedly induces a febrile response in some
recipients; the link was made between
vaccination (which induced fever) and the
occurrence of convulsions and brain damage,
which can occur at about the same time as the
age of vaccination. The supposed link was only
disproven by sophisticated and large scale
epidemiological studies which showed that the
incidence of brain damage in vaccine recipients
was no higher than in unimmunised controls.
Vaccines are intended to have powerful effects
on the immune system; it may be biologically
plausible to link adverse events to vaccination
even where no causal link exists. The benefit of
vaccines may decline for the individual as
coverage rises, the disease disappears and the
effects of herd immunity are felt. At this point
there may be a conflict between the public
health advantages of high coverage to maintain
low disease incidence and individual benefits of
protection from disease.

2.5 For these reasons vaccines are politically and
socially very sensitive products, where rates of
real associated adverse events must be far lower
than for most therapeutic medicines. In some
instances adverse events can be anticipated.
For example live polio vaccines could cause
poliomyelitis at unacceptable rates unless the
strains used and the tests done on the
production batches show that the material is of
the highest quality.

2.6 Other events are less predictable. Examples of
real or supposed adverse events are given in
Appendix 1. It is important to stress that none
of the events listed could have been predicted
by laboratory or animal tests or limited clinical
trials before licensure and wide spread use. All
were identified by post-market surveillance of
some kind.

Chapter two - Situation
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Predictability of adverse events

2.7 Toxicity testing of chemical entities is intended
in part to identify unexpected effects which may
either make the drug clinically unusable or
guide the evaluation of clinical trial data. As a
vaccine will have some similarity to the agent
causing the disease, the adverse events are very
rarely unexpected, resembling aspects of the
disease. Measles vaccine may cause mild
measles like symptoms, and mumps vaccines
mild parotitis. Even where the adverse event is
unexpected (as for the experience with
inactivated Respiratory Syncytial Virus
vaccines, see appendix 3) the effects depended
on circumstances which would never have been
modelled in preclinical tests before use of the
vaccine. New vaccines against these types of
agent would now specifically include studies to
deal with the issues raised, which were only
identified clinically. Large scale general toxicity
testing in animals has therefore been of very
limited value for vaccines, although highly
focused testing, including assays for toxins or
residual virulence in appropriate validated
models is essential.

Low frequency adverse events

2.8 Unpredicted real adverse consequences of
vaccination can occur at low frequencies, which
are nonetheless unacceptable because of the
sensitive nature of vaccination. They would not
usually be detected by preclinical testing

programmes or by clinical trials which are too
small in scale. An example of such an event was
the occurrence of aseptic meningitis following
immunisation with the Urabe strain of mumps
vaccine. The frequency was finally estimated at
about 1 per 10000 vaccinees; the disease was
relatively mild and self limiting but unacceptable.
In later development of alternative mumps
vaccines clinical trials of far larger size were
performed, as described in Challenges and
opportunities.

Production

2.9 Production of medicines in biological systems,
such as fermentation of bacteria, growth of virus
in cell cultures or expression of proteins by
recombinant technology can introduce
unwanted infectious agents at many different
points as well as generating aberrant materials.
A great deal of effort is put into control of
processes and raw materials to prevent this.
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Infectious Pathogenesis

3.1 Pathogenesis is the study of how a particular
disease is generated. It covers the entry of the
agent, its local replication and dissemination to
other sites and the basis of how it damages one
host and spreads to the next. Studies of
pathogenesis can identify possible points of
intervention to prevent or cure a disease, and
predict adverse events of vaccination.

3.2 The vaccine developed by Jenner against
smallpox was based on the infection of the
recipient with a closely related but less virulent
agent. In this case the pathogenesis of smallpox
was largely irrelevant as the virus used as a
vaccine had a similar infectious course but less
drastic consequences. The rabies vaccines
developed by Pasteur were also not dependent
on understanding of pathogenesis, but their
successful use in post exposure prophylaxis
could only be predicted by understanding that
the slow progression of the virus as it was
transported along the neurons to the central
nervous system meant that there was time to
induce a protective immune response before
symptoms developed.

3.3 In the instance of polio, both successful
vaccines depended on developing
understanding of the pathogenesis of the
disease. Polio is now known to be primarily a
gut infection, where the virus occasionally
breaks through into the blood stream and then
into the central nervous system, where it
destroys the motor neurons. Thus any
intervention after the development of
symptoms is likely to fail. On the other hand
interventions designed to keep the virus in the
gut and prevent spread are likely to be
successful. Passive immune globulin was shown
to be effective in preventing disease, acting by
neutralising any virus appearing in the blood,
so preventing it spreading to the nervous
system and causing disease. In contrast it was
shown in the 1930s that immunoglobulin was
totally unable to affect the course of the disease
once symptoms had developed.

3.4 The induction of humoral immunity is
considered to be the basis for the effectiveness
of both the killed vaccine developed by Salk
and the live attenuated vaccine developed by
Sabin which mimics a natural infection in the
gut. The earlier view of pathogenesis developed
by Flexner, which dominated the field for over
thirty years was that the virus was strictly
neurological in its growth, infecting an individual
by the nasal route directly into the olfactory
lobes of the brain. This provides little scope for
successful preventative intervention; it also
implies that any successful intervention which
might be developed would be likely to have a
beneficial effect after symptoms develop, which
is seriously misleading and wrong.

3.5 Proper understanding of the pathogenesis of
polio infections was crucial to the development
of the live vaccine by Sabin, who developed
viruses which would infect the gut but not the
nervous system. Such a virus should be safe but
immunogenic, as proved to be the case.

3.6 It is possible that better understanding of the
pathogenesis of an intractable disease such as
AIDS could expose points of intervention.

3.7 As sub unit vaccines are developed, particularly
for bacterial and parasitic infections where the
possible number of choices is very large, it is
important to be sure that the correct sub unit,
for example a toxin or fimbrial antigen, is
chosen so that the immune responses induced
are relevant to protection.

3.8 Pathogenesis has been a poorly supported area
of biology for many years, yet study of the
mechanism of a disease process has obvious
implications for the development of effective
interventions and to identify markers related to
safety, efficacy and pathology.

Animal models

3.9 Animal models may be used in the development
of a vaccine or in assessing its quality when it is
produced. There is enormous debate concerning

Chapter three - Challenges and opportunities

Vaccines working-04.qxd  11/4/05  20:56  Page 6



7

Vaccines working group report

the use of animals in scientific research, which
has resulted in great social and legal pressure to
reduce usage at all costs. The consequence has
been a reluctance to defend the use of animals in
public. In practice there is a strong scientific case
to be made for reviewing the use of animals in
vaccine science, so that on the one hand
irrelevant or uninformative tests are not
performed but equally so that valid in vivo tests
are not replaced by poorly understood or
inadequately validated in vitro alternatives. The
criteria for testing should be scientific.

3.10 Some tests are regulatory requirements yet are
of doubtful scientific value. An example is the
pharmacopoeial requirement that live vaccines
be tested for neurovirulence in primates. This
currently applies to all live vaccines whether the
agent has neurotropic properties or not. Thus in
principle live rotavirus vaccines should be
tested by intracerebral inoculation of primates,
even though rotaviruses only cause intestinal
infections as far as is known. A second feature of
this requirement is that even where the agent
does have neurotropic properties, as for mumps
where aseptic meningitis is a common effect of
the disease, it is not established that the test can
distinguish between different batches of
vaccine; in other words the model is not
validated for the purpose for which it is
intended and in the main it is difficult to define
circumstances in which a vaccine would fail.
There are examples where the assay is
informative and can distinguish batches; polio
vaccine is one and yellow fever vaccine may be
another. The test requirement arose from the
early experience with live vaccines and
contamination with extraneous viruses and
unless properly validated with clear pass/fail
criteria is likely to give either no information, or
a false sense of security. If the test is validated
and informative, however, it is valuable.

3.11 A second example where the use of animals
might be considered in a more focussed manner
concerns a tendency to test in a defensive way
for events that are intrinsically unlikely either to
occur or to have adverse consequences, or
where long experience suggests that there is no
hazard. An example is testing for teratogenic
effects of paediatric vaccines such as those
against diphtheria or tetanus on the unborn

child, but general unfocussed pharmacology
and toxicology screens also fall into this
category. Tests of this kind may be carried out
from fear of litigation.

3.12 While there are instances where animal testing is
scientifically hard to justify in the form that it
takes, in other cases there is a drive to replace
tests with insufficiently validated in vitro
alternatives. The potency of non replicating
vaccines may be assessed by protection
experiments where immunised animals are
challenged with virulent agent; examples
include rabies vaccines and tetanus and
diphtheria vaccines. In many instances this
design has been replaced by immunogenicity
tests where the immune response generated by
graded doses of vaccine is assessed. If the
immune responses generated are appropriate
this modification of the procedure provides
more robust information and minimises animal
usage and suffering and is therefore welcome.

3.13 However, in vitro alternatives which do not use
animals at all are increasingly being adopted,
and may not be adequately validated. They
include measurement of the amount of antigen
present by ELISA using specific antibodies on
the assumption that the amount of antigen is a
direct measure of the amount of immunogen.
For a given product manufactured by a defined
and validated production process this may be
the case. However there are several examples
where this approach has had major
shortcomings. Hepatitis B vaccines have been
assessed by the use of a specific commercial
antigen kit for many years. Changes in the
production process to eliminate a preservative
from the vaccine resulted in unexpected
changes in the amount of antigen recorded by
the kit without concomitant changes in the
immunogenicity of the vaccine.

3.14 In an unrelated incident the immunogenicity of
a particular Hepatitis B vaccine in vaccine
recipients declined although the measured
antigen content was maintained. Many
collaborative studies of assays for the potency
inactivated polio vaccine have attempted to
relate antigen measured in vitro to
immunogenicity in animal models and in
humans, and have failed to identify a single
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antigen measurement method that can be
applied to all of the different vaccines available.
This is discussed in more detail below. A further
example from bacterial vaccines concerns
replacement of the animal histamine
sensitisation test for residual toxin by tissue
culture assays which, unlike the in vivo tests, are
unable to detect aggregates of toxin. Here the
use of animals is currently necessary to estimate
the safety of the vaccine and the substitute tests
are not adequate. The limitations of in vitro
assays must therefore be carefully identified
before it is concluded that in vivo assays can be
abolished.

3.15 The challenge is one of public relations, to
defend the use of animals in vaccine
development and testing. An aspect of this is to
stop tests that are scientifically unjustified.
Historically as the properties of particular
vaccines are better understood animal tests
have been replaced by cheaper, easier and
more accurate in vitro alternatives, a process that
must be justified on a purely scientific basis
requiring full validation data. However, as new
or modified vaccines emerge they can only be
assessed by the use of animals, with the
consequence that the overall usage is unlikely to
decline.

Production: starting materials

3.16 The production of vaccines requires cells,
medium to grow them in and in the instance of
viral vaccines seed virus. The purity of the
starting materials is particularly important in
that the product will be made in a biological
system which can support growth of unwanted
adventitious agents. This includes bacterial,
mycoplasmal and fungal agents, which may be
present at low levels, but can nevertheless be
detected with varying degrees of ease by growth
in vitro on suitable media. Viral contamination
offers a particular challenge as viruses require a
living cell of some sort to grow.

3.17 Manufacturers employ a banking system for
cells and viruses so that production is always at
the same passage number and therefore any
changes which might be induced during growth
of the product are likely to be the same from

8
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batch to batch. A master seed is established
using the intended process conditions, from the
cells or viruses intended ultimately for
production. The master seed is preserved in
small aliquots of which one or a few are used to
establish a working seed in the same way. The
working seed is also preserved and one or a few
ampoules are used to initiate production runs.
Thus a master seed bank of 100 ampoules, each
of which can give rise to a working seed bank of
100 ampoules could provide material for 10000
production runs at the same passage level.

3.18 A second advantage of the seed lot system is
that the banked materials can be tested
exhaustively for freedom from microbial and
virological contaminants. Thus unwanted
agents can only be introduced by the media
used in production or through bad production
practices in the production runs. The banked
materials can also be tested for identity and
properties including growth behaviour so that
production is more predictable and controlled.

3.19 Testing of materials for viruses is a challenge
because the agents require living cells to grow
and different viruses require different cells. It is
therefore not straightforward to detect them.
Currently the approaches used include
attempting to infect cells which are expected to
be susceptible and seeking signs of infection,
such as a cytopathic effect or the ability to
agglutinate red blood cells. Typically for a viral
vaccine intended for human use the cells used
would include another culture of the cell used in
production, a human cell line and another cell
considered to be relevant, depending on the
product. For example live poliovaccines grown
on primary monkey kidney cells are tested on
rabbit kidney cells which are susceptible to
simian herpes B virus. Other cells may be used
for detecting specific viruses or as general virus
detection systems. The material to be tested can
also be inoculated into animals which are
followed for signs of disease and infection.

3.20 A different type of approach is to detect
antibody induction in susceptible animals. An
example is the mouse antibody production test
where the material is inoculated into mice and
the serum examined later for signs of antibodies
to a range of murine viruses.

Vaccines working-04.qxd  11/4/05  20:56  Page 8



9

Vaccines working group report

3.21 In a limited number of cases it is possible to seek
viral markers not related directly to infection,
such as reverse transcriptase associated with
retroviruses. It is possible to use these markers
to detect infection in the cell based assays
described above, or to examine the product
directly.

3.22 Direct genome detection methods such as PCR
are increasingly being used to examine
products and banks for contamination. They
include virus specific assays which depend on
knowledge of the sequence of the specific virus
sought, but assays able to detect virus groups are
also being developed, for example to detect
herpes viruses or polyoma viruses where it is
possible to identify sequences common to the
entire group. The sensitivity and specificity of
the assays must be addressed but many are
becoming available. This might make testing for
viral contaminants less cumbersome than it has
been hitherto, and make it possible to detect
viruses which do not grow readily in culture
systems but are nonetheless a source of concern.

3.23 All virus detection systems at the moment
depend to some extent on knowledge of the
virus, whether it is its sequence or the type of
cells in which it might be expected to grow.
Most adventitious virus issues have developed
from unknown viruses (see Appendix 4 on
SV40), and it is a challenge to attempt to
develop methods which might detect unknown
viruses, although some have reported some
success in principle.

3.24 In summary the microbiological purity of
vaccines and other biologicals is approached
typically by a system of master and working
seed lots and exhaustive testing with many
different and complementary techniques. There
are opportunities for applying molecular
detection methods to improve the range of
agents which can be sought and the ease with
which they can be detected.

Production: process control

3.25 Extraneous agents can be inadvertently
introduced during the production process
which should be designed and controlled to

prevent this happening. The process may also
be able to inactivate or remove agents. If
necessary additional steps can be introduced to
improve product safety. This strategy has
played a major role in improving the safety of
proteins derived from plasma such as clotting
factors, and could be applied to non replicating
vaccines such as those against hepatitis B. It
must be approached with caution, however as
the vaccine must retain efficacy; production
processes for live viral vaccines are unlikely to
be virucidal.

3.26 Agents which might be introduced include
bacteria which may be difficult to exclude in
certain circumstances. For example influenza
vaccines are grown in embryonated hen’s eggs
and the scale of production means that non
viable eggs likely to be contaminated 
with bacteria may go into the production
process. In these circumstances final product
contamination is kept to a minimum by
screening of the eggs and tests are introduced
for endotoxin. The process may also be
modified to reduce the amount of active
endotoxin.

3.27 Production parameters must be tightly
controlled. For example the temperature at
which a live viral vaccine is produced and the
number of growth cycles it has undergone are
central to its safety.

3.28 Process controls are an integral aspect of
vaccine safety. Processes can be designed to
make them intrinsically easier to control, for
example by using validated cell banks rather
than primary cell cultures, or introducing
simpler and quicker in process tests.

Production: product testing

3.29 The manufacturer has the responsibility for the
safety and efficacy of the product using a
strategy which includes testing of the final
product for safety and potency by approaches
validated by clinical follow up. This is
supplemented by independent assessment by
regulatory and other agencies, which may
include testing. This is particularly important
for sensitive products such as vaccines.
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3.30 In some cases specific tests in animals are used
on each batch of vaccine to ensure quality; this
includes examining specific issues such as
virulence, potency, and toxicity. There is a
strong drive towards more controllable in vitro
assays. Such assays require careful validation to
ensure that they are measuring appropriate
parameters. This includes a need to recognise
their strengths and weaknesses. For example in
some cases an acceptable assay for the potency
of a killed vaccine such as killed polio vaccine
may be specific for the product of a particular
manufacturer. Currently most such vaccines use
the same three strains of virus, one for each
serotype, but there is reason to believe that the
immunogenicity of different strains is
intrinsically different, in other words the same
amount of ‘antigen’ however measured does not
necessarily induce the same level of immune
response. Antigenicity is therefore not
necessarily linked to immunogenicity in a
simple way.

3.31 Killed polio vaccine is made by treating live
virus with formaldehyde, creating a further
complication. The virus is modified in
prominent structural features (which include
antigenic sites) as it is inactivated with
formaldehyde, an agent which cross links and
otherwise covalently modifies proteins. The
degree of modification is likely to vary between
processes and certainly between different
strains of virus. It is to the modified virus that
the immune response is directed, while the
assay of effect concerns the reaction of
antibodies with native virus. The
immunogenicity will be a function of the whole
virus structure, which may not be assessed by a
single antigen assay biased to one or more
antigenic feature. Thus for a specific product
manufactured by a consistent, well-controlled
process and therefore modified in a consistent
way, and where the product has been shown to
be effective by clinical studies, antigen
measurement may be a satisfactory indicator of
potency. However a different vaccine having
the same measured antigenic potency will not
necessarily have the same effect in humans.

3.32 The antigen content of the vaccine can be
measured by the reaction with specific
antibodies. Measurement of the immunogen
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content is assessed by measuring the amount
required to induce the required immune
response. While there is bound to be a
relationship between the antigen content
measured in vitro and the ability to induce an
immune response it may vary from product
to product with slight differences in the
production process. This applies to any non-
replicating vaccine and is one of the unknowns
in translating in vitro characterisation of vaccines
into clinical use.

Clinical trials

3.33 Clinical trials are essential to give guidance as to
the licensure of a vaccine and the acceptability
of proceeding to use in vaccine programmes.
On the other hand they are expensive and
unable to detect adverse events associated with
vaccines at levels that are low but still
unacceptable. Two specific examples illustrate
the difficulties involved.

3.34 The Urabe strain of mumps virus was used as a
vaccine extensively before a link was made
between the vaccine and the occurrence of
aseptic meningitis. Although in many cases the
disease was relatively mild, it required
hospitalisation involving the taking of a sample
of cerebrospinal fluid. It occurred some three
weeks after the vaccine was given. The
frequency was hard to define because of the
necessity to identify the agent in the CSF;
generally the objective was to see if the
meningitis was bacterial and therefore life
threatening. Ultimately it was concluded that
the frequency of the adverse event was of the
order of one case per 10 000 vaccine recipients.
The alternative Jeryl Lynn strain was not
associated with aseptic meningitis at all.
Consequently the development of a new vaccine
strain would require a clinical trial able to detect
an adverse reaction at a frequency of less than
one per 10000 even to show that the new
candidate is no worse than the Urabe strain,
which was considered unacceptable in the
United Kingdom. Such a trial is barely
practicable, and may raise ethical considerations
in so far as a safer alternative is available. There
is no validated animal model or preclinical test
that can be applied to predict the ability of a
strain to cause aseptic meningitis.
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3.35 A second example is provided by the
occurrence of intussusception following
immunisation with a particular licensed live oral
vaccine against rotavirus. After licensure
vaccine recipients were found to have a 
higher incidence of intestinal invagination
(intussusception) than controls, and the product
was removed from the market. The incidence
was low, and subsequent rotavirus vaccines
have required substantial trials to show that they
have a lower incidence. In this case other
considerations may be helpful, for example if
the vaccine can be shown to grow in the
intestine of the recipient for a very brief period
compared to the original vaccine subsequently
withdrawn. Nonetheless clinical trial data
sufficient to justify licensure in this case and the
mumps vaccine were regarded as very large.

3.36 Clinical trials are essential to eliminate
immediate problems, such as lack of efficacy, or
major safety issues, such as extreme responses
to adjuvants included to enhance the immune
response or common adverse events. The
challenge lies in their limitations and cost. In
practice assurance that Adverse events do not
occur at unacceptable frequencies can only
come from post market surveillance. The more
information that can be obtained from them the
better. This could involve fuller investigation of
individual responses; for example cytokine
profiles might be of value. In the mumps
example it is conceivable that more sensitive
surrogates of meningitis not requiring invasive
procedures could be devised to detect sub
clinical effects, which are likely to be more
common than full blown clinical symptoms.
This would reduce the numbers of recipients
needed.

3.37 An entirely new product may require a less
narrowly focussed assessment than one which is
intended to overcome defects in previous
attempts (as for vaccines against Respiratory
Syncytial Virus, Appendix 3).

Post-marketing surveillance

3.38 Active surveillance for rare adverse events by
the follow up of a cohort recruited at the time of
vaccination requires the follow up of many

thousands of individuals. In order to interpret
the rates of the various diseases that will
inevitably occur over time in the vaccinated
cohort, an unvaccinated control group would be
required, consisting of individuals born during
the same time period, recruited at the same age
and followed up since recruitment by the same
methods as the vaccinated group. However,
once a vaccine has been proven to be
efficacious, it is ethically unacceptable to
withhold vaccination from a randomly selected
contemporary cohort of children in order to
create such an unvaccinated control group.

3.39 An alternative for active surveillance of adverse
events has recently been established using
record linkage methods. These exploit the
availability of computerised data sets of clinical
events and immunisations covering the same
population, and the ability to link records in
both data sets using a unique patient identifier.
Such studies are termed retrospective cohort
studies since the group in whom adverse events
are studied is not defined at the time of
vaccination but is defined in retrospect
according to the population-based data set that
is available at the time the study is conducted.
Clinical event data bases can be derived from
computerised hospital discharge data
computerised general practice records or other
clinical data bases.

3.40 Such linked data sets have been largely used for
formally testing hypotheses raised by
uncontrolled observations, such as Yellow Card
reports, rather than as hypothesis generating
exercises in their own right. When linked data
sets are trawled for statistically significant
associations for which there is no a priori reason
to suspect a correlation then, if enough
associations are sought, some will inevitably be
considered statistically significant just by
chance. Independent validation of statistically
significant associations derived from data
dredging exercises must be sought before a
causal association can be considered likely.

3.41 A major challenge is the very limited ability to
deal with possible long term adverse events
(such as the consequences for human recipients,
if any, of the contamination of polio vaccines in
the 1950s with SV40, a virus known to be able
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to cause tumours in some animals. This remains
an issue, see case study 3, Appendix 4).

Physical and chemical methods

3.42 The application of physical and chemical
methods to vaccines is a major challenge and is
becoming more important in studying vaccine
quality. The methods must be validated for the
purpose for which they are intended, as for all
tests, and this must include an element of
biological testing. In some cases physical
methods are the best or even only practical
method of ensuring consistency. For example
polyvalent pneumococcal vaccines contain
many different serotypes of carbohydrate, and
NMR is the only practical method of
demonstrating that all are present. Assessment
of the purity of vaccines such as those against
influenza or hepatitis B and the degree of

conjugation of polysaccharide vaccines such as
those against meningococcus C requires
chemical methods and is essential. It does not
give all the data needed for judging quality,
however, because of the effects of higher order
structures. No vaccine can be classed as a ‘well
characterised product’ to be assessed solely by
physico-chemical methods.

3.43 Molecular methods for assessing live vaccine
are in their infancy although polio vaccines can
be assessed to some effect by MAPREC
(mutant analysis by PCR and restriction
enzyme cutting) to seek mutations implicated in
the virulence phenotype that are present in low
amounts in the vaccine batches. The same kind
of approach could be applied to other live
vaccines assuming the same level of
understanding of the molecular basis of the
vaccine phenotype.
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4.1 Assessment of the safety of vaccines must be
based on scientific evidence and unbiased
judgement, and not on political convenience
(for instance the premature introduction of a
non-validated in vitro test to replace an animal
test, or at the other extreme the introduction of
an animal test to guard against a non-existent
risk and future litigation) or regulatory habit.
Regulations should be critically reviewed at
regular intervals.

4.2 Study of pathogenesis is neglected and
underfunded, and may be the only way to
develop vaccines against certain diseases, such
as HIV or tuberculosis.

4.3 Modern methods for the control of materials for
production should be considered. This includes
molecular assays for extraneous agents.

4.4 Validation of novel tests, particularly in vitro
surrogates of in vivo effects is crucial but
underfunded.

4.5 More information could be obtained from
clinical trials by more intensive study of the
responses of participants for instance by
genomics and proteomics, or by devising more
sensitive methods for the evaluation of possible
adverse effects.

4.6 Methods allowing long term follow up of
routine recipients of vaccines to identify
unanticipated long term effects are desirable but
not feasible. Should an effect be induced many
years after the vaccine was given it is almost
impossible to link the two by prospective
studies in the absence of a hypothesis. The
innovative use of record linkage and data sets
should be pursued as a way of ameliorating the
situation to some extent.

4.7 General toxicity testing is not of value for
vaccines, unlike chemical drugs. However,
animal testing in validated models for specific
properties related to safety and efficacy is
essential and must be strongly supported.

4.8 Physical methods for characterising vaccines
should be pursued vigorously but only in

conjunction with careful biological studies to
validate them.

4.9 Research related to the issues raised by
safety testing of vaccines is carried out by
manufacturers, who have a narrow focus and
may not retain a long term interest. It is not, in
general, funded by the usual sources of money
for biological research as it is not within their
remit of maintaining basic and academic
research. Funding of independent work in this
area is therefore limited to certain governmental
and public health sources, who may also have a
focus which differs from that required. Specific
funding of research related to regulatory issues
should be provided.

Value added

� Justification of vaccine safety to the public; better
justification of the tests performed, particularly
animal tests; removal of unnecessary tests, more
robust defence of those required.

� Better understanding of pathogenesis should lead to
the development of vaccines to new diseases and
better identification of points of intervention for
difficult diseases such as HIV or TB.

� Introduction of modern methods of control of
starting materials will lead to better, more
comprehensive and easier control of materials,
resulting in fewer unexpected events and crises.

� Validation of tests is a key area; improved funding
will result in better and more appropriate validation
so that tests give useful data rather than a false sense
of security.

� If more information can be gathered from clinical
trials by better investigation of samples or
evaluation of patients, they may be more focussed
and provide greater assurance of safety; current
trials are challenged to detect adverse events at
rates which while low are still unacceptable.

� Issues related to vaccine use many years ago arise
regularly; they include the alleged implication of
viruses transmitted by vaccines in cancer in the
1950s and the induction of autism or other

Chapter four - Proposals and recommendations
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developmental disorders long after the event. Long
term follow up, if it could be done would be a major
benefit; the innovative use of record linkage may
make some small progress in this direction.

� Focussed animal testing will take place for reasons
and at levels that can be justified to the public.

� Improved characterisation of products by physical
or chemical means results in more precise
definition of the materials, and improved safety, but
relies totally on validation, see 4 above.

� Increased funding results in increased quality of
scientific work, higher quality personnel and
overall greater reassurance to the public.

Measures of success

� Regulatory acceptance of the need for more animal
testing in some areas coupled with rationalisation of
testing in others based on scientific need. More
focussed use of animal testing.

� Validation of tests, particularly replacements for
animal tests, and their regulatory acceptance into
monographs and international guideline
documents. No replacement of animal tests by
inadequately validated in vitro alternatives.

� Increase in publications on pathogenesis.

� Development of safe and effective vaccines to
reduce the disease burden from HIV, malaria and
tuberculosis.
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Proven/probable causal relationship

A. Inactivated/subunit vaccines

Swine flu and Guillain Barré Syndrome
Tick Borne Encephalitis vaccine and increased
reactogenicity profile when thiomersal removed and
albumen changed
Respiratory Syncytial Virus vaccine and enhanced
disease (see Appendix 3)
Killed measles vaccine and atypical measles
Split virion flu vaccine and oculorespiratory
syndrome

B. Live vaccines

Measles Mumps Rubella vaccine and idiopathic
thrombocytopenic purpura (probably measles
component)
Measles vaccine and convulsions
Mumps vaccine and aseptic meningitis
Oral poliovirus vaccine and acute flaccid paralysis
due to reversion
Yellow fever vaccine and acute multi-organ disease
Rotavirus vaccine and intussusception
Swiss intranasal flu vaccine and Bells palsy
Small pox vaccine and myocarditis
High titre measles vaccines and increased all cause
mortality in females compared to males
Excessive viable counts in BCG vaccine leading to
local reactions

C. Excipients

Gelatin and anaphylactic reactions

Suspected but unproven or disproven
adverse vaccine effects

Invasive bacterial infection and acellular pertussis
vaccines
Whole cell pertussis vaccines and brain damage
Hepatitis B vaccine and multiple sclerosis
Meningococcal C conjugate vaccine and relapse of
nephrotic syndrome
Rubella vaccine and Congenital Rubella Syndrome
Measles vaccine and Subacute Sclerosing Pan
Encephalitis
Measles Mumps Rubella vaccine and autism
Measles vaccine and inflammatory bowel disease
Hexavalent DTaP/Hib/IPV/Hep B vaccines and
sudden unexplained death in the second year of life
Various vaccines � pyridostigmine and Gulf War
syndrome
Mumps vaccine and IDDM
Whole cell pertussis and atopy
Thiomersal (mercury-containing vaccine
preservative) and developmental delay
Aluminium hydroxide(vaccine adjuvant) and MMF
(macrophage myositis fisciitis?)
Hib conjugate vaccines and diabetes
Meningococcal OMV vaccine and liver disease

Appendix 1- Examples of vaccine safety problems detected in
clinical trials or post marketing surveillance
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Adrian V.S. Hill,

Centre for Clinical Vaccinology and Tropical
Medicine, University of Oxford

There is a particular urgency about malaria vaccine
development.1 This parasitic disease causes more
childhood deaths than any other infectious pathogen
and globally drug resistance is increasing. Many
different approaches to subunit vaccine development
are under investigation including vaccines against
each life-cycle stage: the sporozoite, the liver-stage
parasite, blood-stages and sexual stages.2 A
programme of vaccine development at Oxford
University3 has focused on the approach of inducing
T cell responses against the infected hepatocyte.4

The liver-stage parasite is an attractive target for a
vaccine as relatively small numbers of liver cells are
infected by a natural infectious mosquito bite (less
than a hundred) and this stage of the infection is
asymptomatic. The relatively small number of liver
cells to be cleared suggests that there should be no
associated immunopathology and considerable
evidence now supports this view.

However, T cell inducing vaccines are at a much
earlier stage of development than vaccines that
protect primarily through antibodies.5 In animal
models the vaccine delivery systems that have
induced the strongest T cell responses are generally
viruses or plasmid DNA6 and the assessment of these
vectors as T cell inducing vaccines is now being
actively studied in clinical trials for malaria on an
experimental basis. The following is an account of the
steps needed to carry out such trials.

An Oxford University group has assessed three
different types of vaccine vectors in recent clinical
trials. These are plasmid DNA, a modified virus
Ankara (MVA) vector, and an avipox vector, FP9.
The MVA vector7 is an attenuated strain of vaccinia
virus that was used in the 1970s in over 100,000
people as a vaccine against smallpox. It is heavily
attenuated by over 560 rounds of passage in chicken
embryo fibroblasts and does not now appear to
replicate in any normal mammalian cells. It is
manufactured on chick embryo fibroblasts, the same

cells generally used to grow measles virus vaccine.
The FP9 vector8 is an attenuated strain of fowlpox
virus and originated in the same laboratory in Munich
as MVA. Like all avipox viruses it in replication-
incompetent in mammalian cells.

The plasmid DNA vaccine employed, like most DNA
vectors, has a CMV promoter and intron A enhancer
and a bovine growth hormone terminator. This was
initially assessed in clinical trials using both standard
needle delivery in saline and as a gold bead
formulation using a ballistic device.9

Standard small animal toxicology and bio-
distribution studies were performed for all these
vectors and for the DNA vectors some integration
studies were undertaken. A series of further tests in
vitro are undertaken with the vectors to confirm
identify and test vector stability. Virus concentrations
are measured as plaque forming units by titrations.
Potency of the vectors is assessed by inclusion of a
defined nine amino acid epitope for a murine MHC
class I molecules within the insert and the conduct of
ELISPOT assays with that peptide after murine
immunisation.6

A series of sequential phase I studies with these
vectors used alone or in sequential combinations,
known as heterologous prime-boost immunisation,
has been undertaken to make initial assessments of
safety and immunogenicity of different vectors, doses
and immunisation regimes9–12. These trials have been
conducted following either DDX or CTX
applications to the Medicine and Healthcare product
Regulatory Agency in London and, henceforth, will
be under Clinical Trial Authorisation applications.
Both FP9 and MVA are biosafety level 1 vectors. The
use of recombinant vectors has been reviewed by the
local Health and Safety executive office and notified
to the Gene Therapy Advisory Committee of the
Department of Health.

The dose of vector has been found to be quite
important, perhaps because these viruses are unable
to replicate in vivo. Interval and route of immunisation
is relevant too, with the intramuscular route being
preferred for DNA immunisation and intra-dermal
administration for the viral vectors.11

Appendix 2 - Case study 1: Malaria
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The clinical safety features of immunisation regimes
with these vectors have been generally reassuring and
very good with no vaccine-attributable serious
adverse reactions in any of seventeen small scale trials
and one larger phase IIb trial in the UK, The Gambia
and Kenya. The T cell immunogenicity of these
regimes varies greatly from little immunogenicity
with low doses of DNA to some of the highest
observed levels induced by subunit vaccines with
higher dose prime boost regimes.

An unusual feature of pre-erythrocytic malaria
vaccine development is that a challenge model using
infectious mosquito bites is regularly used at
particular centers.13 In the UK this has been used by
the Oxford group in collaboration with Imperial
College London to assess the efficacy of different
vaccination regimes in preventing or delaying
malarial infection. This has shown encouraging levels
of partial efficacy and provided valuable data on
which to enhance the iterative development of these
vectored vaccines.

These vaccines have also been assessed in adults in
malaria-endemic areas with similar safety findings to
those in the UK and equivalent or higher
immunogenicity.12 There are plans for phase I studies
of heterologous prime-boost vaccination of children
with malaria viral vectors in the near future.

In a relatively short period of time, less than five years,
it has been possible to assess six novel malaria
vectored vaccines and identify vaccination regimes
and particular vaccines that merit further
development.
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Peter JM Openshaw, National Heart and
Lung Institute, Imperial College London.

Following the success of several chemically-
inactivated vaccines, studies of formalin inactivated
(FI-RSV) were conducted in 1966–1967. The vaccines
were administered as two or three intramuscular
doses separated by 1 to 3 months, in children aged 2
months to 9 years. After subsequent RSV exposure,
the rate of virus infection in infants who received FI-
RSV was no less (and was perhaps even greater) than
that in then control group immunised with
parainfluenza vaccine. Most remarkably, some 80%
of RSV vaccinees needed hospitalisation, whereas
only 5% of such infections among control parainfluenza
vaccines required admission to hospital 1.

Illnesses in vaccinated children was characterised by
pneumonia, bronchiolitis, rhinitis or bronchitis.
Importantly, the severity of illness depended on the
age of the child: the younger the child, the more
severe the augmentation. Two of the vaccinated RSV-
infected children died, and post-mortem examination
showed bronchopneumonia, pneumothorax and an
intense inflammatory infiltrate (including eosinophils,
mononuclear cells and polymorphonuclear cells) in
the lungs.2 The inflammatory infiltrate suggested an
immunopathological origin of enhanced disease.

RSV is not the only example of antiviral immunity
enhancing pathology to subsequent infection, which
is also seen in dengue and measles. Trials of FI
measles vaccine showed that immunised children did
not acquire strong protective immune responses.
Moreover, when natural measles virus became
prevalent, vaccinees developed ‘atypical’ severe and
generalised disease.3 The vaccine dosing regime and
the interval between vaccination and challenge
appears critical to the induction of protection or
pathology. In the case of measles, the enhanced
cutaneous disease seen after FI vaccination was seen
after about 7 years, whereas with RSV the enhanced
lung disease was seen within 2 years of vaccination.
As immunological memory wanes, a window of
protection may be followed by a window of disease
enhancement, followed by a period during which

immune memory is still measurable but neither
protection nor disease enhancement is seen.

The mechanism of disease enhancement has been
extensively investigated in animal models and is now
quite well understood. The inflammatory infiltrate is
dependent on heightened T cell immunity,
particularly T cells making cytokines such as IL-4 and
IL-5. FI-RSV induces poor cytotoxic T cell responses
and little neutralising antibody. The high titres of non-
neutralising antibody may in part be responsible for
disease enhancement, particularly obstructive airflow
limitation. Crucially, animal models in mice, cotton
rats, cattle and non-human primates are all able to
reproduce a broadly similar type of disease
augmentation. This illustrates the vital importance of
good animal models as a key element of safe vaccine
development. At the time the vaccines were
developed the immunopathology was unexpected
and no animal model existed to address it. Any new
RSV vaccine would inevitably be extensively studied
for this type of problem, which was only revealed at
the early stage of clinical trials.
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Appendix 3 - Case study 2: Lessons learned from early RSV and
measles vaccines
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Polio vaccines were first licensed in 1955 in the USA.
They consisted of cultures of poliovirus of each of the
three serotypes treated with limiting amounts of
formalin for a prolonged period with the idea of
preserving the antigenic properties as much as
possible while destroying virus infectivity. The virus
was grown on cultures prepared from old world
monkeys, predominantly rhesus macaque, which
among many other viruses were often infected with
the simian polyoma virus SV40. Unlike many of the
other viruses with which the monkeys were infected,
SV40 does not produce a cytopathic effect in rhesus
cells in culture, and its presence was not suspected
until 1960 when other cell types were examined.
SV40 is less sensitive to formalin than polio virus and
live virus was recovered from several batches (Shah
and Nathanson 1976). The quantities of virus and the
number of cultures infected lead to the conclusion
that most individuals receiving a full course of
injections had probably received live SV40 by the
intramuscular route. As SV40 is known to cause
tumours in rodent models and to transform human
cells in culture the possibility existed that the early
polio vaccines would lead to cancer in recipients.

Several epidemiological studies were carried out with
reassuring results, but all could be criticized from the
point of view of their duration, which generally
involved two or three years follow up or the
individuals studied, some of whom received oral live
vaccine which is likely to have been less effective in
infecting with SV40 because of the route of infection.
Nonetheless the extent of the exposure over a short
period would probably have lead to an unmissable
rise in cancers had they occurred, and it has been
generally concluded that the risk is minimal.

In the 1990s, however reports emerged of the
presence of genetic sequences derived from SV40 in
certain human tumour types, notably mesotheliomas
(Carbone et al 1994). The tumours were the same as
those induced in hamsters if the virus is inoculated
into the chest rather than the brain. The findings have
been controversial because of the ease with which
contamination with SV40 can occur in the molecular

biology laboratory. Many reagents are derived from
materials with SV40 sequences and there is no doubt
that some reports concern contamination. However a
number cannot be dismissed readily, notably those
where live virus of a unique sequence has been
recovered (Lednicky et al 1995). It is still not clear
whether the virus is causal, or whether it grows in
tumour tissue preferentially perhaps because of the
presence of dividing cells. It is also not clear where the
SV40 sequences originated. Some of the tumour types
are in very young children (Lednicky et al 1995) who
would not have been exposed to the early vaccines.
At least three studies have shown that current polio
vaccines are free of SV40 sequences, and the
precautions put in place when SV40 was discovered
in 1960 have been sufficient to eliminate the risk.
Serological studies of population groups and animals
tend to suggest that vertical transmission is
uncommon and that a maximum of only 5% of the
population show any sign of infection (Minor et al
2003a, Minor et al 2003b). It is quite possible that
even these are not infected but produce a cross
reacting antibody in response to one or other of the
known human polyoma viruses.

The situation remains unresolved, however, with
significant objections to either school of thought. Thus
fifty years after the original incident, concerns still
exist, underlining the caution with which vaccines
should be treated.
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