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●
The effects of successful vaccines on public
health are dramatic. The best known example
is that of smallpox, the first disease of 

humans to be deliberately eradicated from the world.
Poliomyelitis is likely to disappear in the very near future
and measles vaccine has abolished the epidemics that
used to occur in the UK before coverage rose, saving a
great deal of misery and an estimated 50–100 lives per
year. These three examples are long established but novel
materials continue to be introduced. Vaccines against
Haemophilus influenzae b (Hib) were introduced in 1992
in the UK and Haemophilus b meningitis has virtually
disappeared as a result. The same is likely to be true for
meningococcus C meningitis following the introduction
of the vaccine in 1999. The cheapest way to have a big
impact on public health is to vaccinate. The difficulties
of developing and using new vaccines are substantial,
however, and while the scientific hurdles are usually no
greater or less than in other areas of biology, there are a
range of socio-economic and ethical problems which
seem to be particularly acute for this type of approach.

The first issue is that vaccines are given to healthy
individuals to prevent disease, not to sick individuals 
to cure them. This makes them extremely sensitive
products both for the public and the medical establish-
ment. It is relatively easy to bring someone into the
television studio who would have died but for some
active medical intervention such as surgery, but it is
actually impossible to find an individual who would 
have died if they had not been vaccinated, first because
they might not get the disease and second because they
might not die of it if they did. On the contrary it is
relatively straightforward to find individuals who were
either adversely affected by vaccination or believe that
they were. Levels of risk which would be readily accept-
able if associated with other activities or medical treat-
ments are therefore completely beyond the pale with
respect to vaccines, a fact accepted by producers and the
medical establishment alike.

Second, there is a subtle but significant difference in
the approach of public health officials and clinicians 
to medicine which is marked with respect to vaccines,
namely that the clinician is concerned with the health 
of the individual patient, while the public health 
official is concerned with the health of the population. 
A hypothetical vaccine which prevented an infected
individual passing on the disease but did not protect
from infection would have a real effect in eradicating
epidemics if used universally, but might be considered
unjustifiable on an individual basis; similarly, when a
disease is rare as a result of widespread vaccination, 
the benefit for the individual may not be thought 
worth whatever risk is involved. Vaccines must therefore
be of high efficacy and very low risk to be medically
acceptable.

● Costs
For these kinds of reasons
the investment required 
to develop a vaccine is
enormous; governments,
international organizations
and charities have great
difficulty in doing it and
where they try they usually
come to grief. On the other
hand, historically the price
of vaccines has tended to 
be kept down relative to
chemical drugs, and profits
depend on the usage of
large numbers of doses on a
regular basis. There are as a
result a decreasing number
of vaccine producers in 
the world, a trend which has been continuous since 
the 1960s as manufacturers have turned to more
immediately profitable areas. Those who remain in the
field tend to serve developed countries where higher
prices are sustainable and this is a particular feature of
those developing entirely novel vaccines (although there
are exceptions, for example in China).

● Malaria
This leads to a situation which seems intrinsically
unjust. Malaria is one of the major infectious killers 
in the world at present and is concentrated in tropical
areas which tend to include few wealthy countries.
Vaccination against malaria is believed to be possible 
in principle. This is based on early studies in the USA
where army volunteers (chosen presumably on the 
basis that everyone else took one step backwards) were
locked up in rooms containing thousands of malaria-
infected mosquitoes which had been X-irradiated to 
kill off the parasites. When the volunteers were
challenged with non-irradiated mosquitoes they were
protected to a significant level. The costs of identifying
satisfactory protective antigens which can be produced
on the required scale, and developing a vaccine as a result,
are unlikely to be easy to recover in developing countries
which would be the principal market. Such a vaccine
might be developed for business or other travellers from
developed countries to malarious regions, or for the
military, and this could provide a route for its ultimate
use in developing countries.

● Hepatitis B and AIDS
Hepatitis B is effectively a sexually transmitted disease
in developed countries, but is endemic in other parts of
the world such as Africa, or particularly China. It is the
major cause of liver cancer worldwide, making hepatitis
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vaccine the first anti-cancer vaccine to be developed.
Hepatitis B vaccines were initially targeted at specific at
risk groups, including healthcare workers and business
travellers, and were made either from antigen from the
plasma of infected donors or from antigen expressed in
genetically modified organisms, such as yeast. They were
(and remain) expensive, but have now been incorporated
into global vaccination programmes, including universal
usage in most developed countries as the impact on
incidence following targeted use was not great. The
usage in developed countries can therefore subsidize that
in developing countries, but only if valid and recogniz-
able uses in wealthy markets exist. Apart from the
intrinsic scientific difficulties, this may be an additional
socio-economic obstacle to the development of vaccines
against AIDS. HIV is not endemic in developed coun-
tries, still being surprisingly confined to those with
defined high risk lifestyles; the development of antiviral
chemotherapy makes vaccine usage in developed
countries possibly less likely. In Africa and other 
areas, however, the only real hope is a vaccine because of
the scale of the epidemic and the costs of current
treatment.

● Epstein–Barr Virus (EBV)
A final example concerns EBV. In developed countries
such as the UK or USA, EBV causes glandular fever or
infectious mononucleosis. As the virus is transmitted in
saliva this tends to occur in the teens to twenties when
people discover kissing; unfortunately this is also the
time when they become seriously embroiled in the
examination machinery. An EBV vaccine would there-
fore have a clear market in the reasonably well-off of the
developed world even if it was not suitable for a universal
vaccination programme. It could probably command a
significant price. In contrast, EBV is the causative agent 

of Burkitt’s lymphoma 
in Central Africa and of
nasopharyngeal carcinoma
especially in the coastal
regions of China, both of
which are seriously life-
threatening and are
thought to follow on from
infection early in life. An
EBV vaccine in these
settings would have to be
aimed at all children and
would there-fore need to be
both cheap and plentiful. 
The requirements in 
the different settings are 
not the same, and the
developed country require-
ments of small supply 

and high price seem most likely to prevail.

● Scientific problems
The scientific difficulties of vaccine development 
are also significant. It is necessary to identify antigens
which can induce a long-lived protective immune
response against whatever strain of agent is likely to turn
up. For something like HIV it is still not clear that any
such antigen exists because of the variability of the virus 
and the nature of the infection. For agents such as
encapsulated bacteria the protective antigens may
induce a feeble immune response or one which is strain-
specific. Vaccines against pneumococcus contain up to
23 different carbohydrates. Long-lived effects are
essential unless you have some idea of when you are likely
to be infected and in normal life (as opposed to trips to
exotic places) this is as difficult as predicting when you
are going to be run over by a bus.

Production of the antigen and proving that it works 
in a clinical trial, never mind that it is safe (for example,
with fewer than one serious adverse event per 100,000
recipients, which is a rough benchmark figure) may all 
be formidable projects. Linking the problems to the
socio-economic global–political difficulties and the
ethical risks related to prophylaxis makes it seem
impressive that vaccines are developed as rapidly and 
as frequently as they are, especially for developing
countries. Their public health impact and their high 
cost effectiveness suggest an explanation.
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