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Vaccination is the only type of medical
intervention that has eliminated a disease
successfully. However, both in countries
with high immunization rates and in
countries that are too impoverished to
protect their citizens, many dilemmas and
controversies surround immunization. This
article describes some of the ethical issues
involved, and presents some challenges
and concepts for the global community.
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was established, an estimated 8 million chil-
dren died each year from measles5. Since then,
the EPI has targeted six diseases: tuberculosis,
measles, diphtheria, tetanus, pertussis and
polio (FIG. 1). By 1980, the incidence of measles
had been reduced by ~50% (FIG. 2). In that
year, the World Summit for Children set a
goal of 80% coverage for these six basic
immunizations to be achieved by 1990.
Laudably, those efforts succeeded in raising
global immunization rates from less than
10% to almost 80% in that decade6, with a
concomitant reduction in disease burden (for
example, see FIG. 2). But, a combination of
complacency, competition for health-care
resources with other diseases (such as HIV)
and other factors, such as an inadequate and
ageing health-care infrastructure, resulted in a
subsequent plateau5 or decline in average
immunization rates in the developing world6.
This trend is worrying because of what it rep-
resents in terms of the commitment and sus-
tainability of immunization programmes.
Maintenance of a high level of coverage for
immunization is crucial — unless a certain
minimum percentage of the population is
immune, the benefits of herd immunity
(when sufficient people are immune such that
a pathogen cannot easily persist and spread in
a population) will not be achieved.

Ethics of immunization and vaccines 
The economic and human benefits of vaccina-
tion are clear for many vaccines. But, eco-
nomic and political realities, along with philo-
sophical questions, raise certain ethical issues
concerning the use and distribution of vac-
cines7. What are the rights of individuals in
deciding about vaccination versus the rights
of, and risks to, society? Should different stan-
dards for the efficacy and safety of a particular
vaccine be set for different populations for
which the risk:benefit ratio might be different?
How should priorities be set for different areas

In developing countries, one in every four
children born annually will not be vaccinated3.
In many of the impoverished countries in
which these children reside, the concomitant
lack of health care, inadequate nutrition4,
higher prevalence of disease, decreased hygiene
and over-crowding conspire to increase the
incidence of, as well as the morbidity and mor-
tality from, both vaccine-preventable and other
infectious diseases. Six children die every
minute as a result of infectious diseases that
could be prevented by existing vaccines, and
for measles alone, nearly one million children
die each year3. So, each day, 4,000–8,000
people3, mainly children, die from vaccine-
preventable diseases (TABLE 2).

Various efforts to increase global immu-
nization rates have protected many children
successfully. For example, in 1974, before the
Expanded Program on Immunization (EPI)

can be deployed so successfully worldwide
that a disease can be eliminated, why do mil-
lions of children still die each year from other
vaccine-preventable diseases? From ethical
and humanitarian perspectives, this should be
unacceptable. However, despite the medical
evidence of the benefits of vaccines, both
immunization itself as a goal, as well as the
actual efforts for global immunization, are
often debated and criticized. So, the ethics of
whether, and how, to vaccinate all of the
world’s population are much more complex
than it would seem at first glance. Some of
these issues will be examined and a call for
action raised in this article.

Current state of immunization rates
At present, in industrialized countries such as
the United States, infants routinely (~80–95%
coverage) receive vaccines against diphtheria,
pertussis (whooping cough), tetanus, measles,
mumps, rubella, polio, Haemophilus influen-
zae type b, hepatitis B, varicella, pneumococ-
cus and, often, hepatitis A. The efficacy of
these vaccines and the success of routine
immunizations are such that in the United
States, for example, the morbidity from pre-
viously routine childhood diseases has been
reduced by 90–100% since the introduction
of standard immunization2 (TABLE 1). In
developed countries, the near disappearance
of these diseases from normal childhood has
removed much of the fear of the illnesses that
they cause. The result is that the conse-
quences of not vaccinating against these dis-
eases are sometimes not fully appreciated by
the public.

Box 1 | The economic benefits and cost-effectiveness of vaccines

The statistics for the eradication of smallpox illustrate the benefits and economics of vaccines
and disease eradication. The eradication of smallpox has probably saved 40 million lives over
the past two decades6, at a cost of US $25 million per year during the eradication campaign. The
equivalent of US $275 million is saved annually in terms of quarantine and treatment because of
the eradication of smallpox3.

The eradication of polio is also within reach. Between 1988 and 2000, coordinated public-health
efforts, with a large contribution from Rotary International, have decreased the number of polio
cases from approximately 350,000 to 3,500 per annum6. The potential future cost savings of polio
eradication have been estimated at US $1.5 billion per year6, although the actual savings will
probably be less than this owing to the need to continue immunization after eradication.

The cost of immunizing a child with the six core vaccines that are recommended by the
Expanded Program on Immunization (tuberculosis, measles, diphtheria, tetanus, pertussis and
polio) is US $17 (REF. 6). Of this amount, only a few dollars are for the cost of the vaccines, with the
rest paying, for example, for personnel and transportation of the vaccine (including refrigeration).

The benefits of vaccines are obvious in terms of the lives that are saved and the morbidity that
is prevented or reduced, but the economic benefits extend beyond the benefits to the individuals
that are protected. The economic benefits of immunization campaigns include savings in
health-care costs for the treatment of illness and quarantine, the economic productivity of
having a healthy workforce (or of not having parents removed from the workforce to care for an
ill child) and coincident benefits that result from the immunization programme (such as an
improved health-care infrastructure).

Table 1 | Reduction of the number of vaccine-preventable diseases in the US

Disease Number of cases

Maximum 1997 % change

Diphtheria 206,939 4 99.99

Measles 894,134 138 99.98

Mumps 152,209 683 99.55

Pertussis (whooping cough) 265,269 6,564 97.52

Polio (paralytic) 21,269 0 100.00

Rubella 57,686 181 99.69

Congenital rubella syndrome 20,000* 5 99.98

Tetanus 1,560‡ 50 96.79

Influenza (<5 years) 20,000* 165 99.18

Data taken from REF. 5. * estimated; ‡ mortality.
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In the same manner, other vaccines have
become victims of their own success. As dis-
eases disappear from the general population
after successful vaccination campaigns, the
real risk of an individual contracting the dis-
ease decreases and the perception of the seri-
ousness of the disease, even if contracted, is
reduced. Concomitantly, concerns about the
real or imagined adverse effects of the vac-
cines increase. As a result, individuals might
disagree with government mandates for
population-wide vaccination. For example,
before the introduction of a vaccine against
pertussis, there were approximately 2 million
cases annually in the United States. In Great
Britain, in the mid-1970s, some adverse
reactions to the vaccine were widely publi-
cized, and immunization rates declined
from 80–90% to 30%. As a consequence, the
population was vulnerable to two subse-
quent severe outbreaks of whooping cough,
which resulted in more than 120,000
recorded instances of disease, hundreds of
cases of serious complications and 28
deaths12. More recently, heightened fears of
the perceived adverse effects of other vac-
cines (such as measles and hepatitis B),
even if unproven, have had an impact on
immunization rates and the incidence of
disease6,13–15. A greater awareness of the con-
sequences of failure to vaccinate, through
better education, might be the best tool to
combat this problem16.

between and within countries? Which regula-
tory bodies have the right to make decisions at
the individual or national level? Although few
would argue against the responsibility of
developed nations to help poorer countries
and peoples to develop and use the necessary
vaccines, what are the precise responsibilities
of both developed and developing countries?
Here, we examine several of these issues to
highlight the complexities of the ethics of
vaccine development and use.

Whose choice is it? During the period when
polio epidemics struck terror into the hearts
of the population, the public clamoured for,
supported the development of (for example,
The March of Dimes in the United States, a
national public compaign to raise donations
to fund the research and development of
polio vaccines) and welcomed a vaccine
against polio. The live attenuated vaccine
made possible a global mass-immunization
campaign; on a single day of the various
National Immunization Days, 83–147 million
children were immunized8,6. Now, at a time
when wild-type polio has been eliminated
from the Western Hemisphere and nearly
eradicated globally, the only cases of polio in
the Western Hemisphere are caused by rever-
sion mutants of the live-attenuated vaccine
strain of the virus. For society as a whole, the
total elimination of polio seems the obvious
and correct path. But, as the probability of an
individual being exposed to the virus
decreases, and as the devastation of the his-
toric polio epidemics fades in our memories,
the rare cases of disease due to reversion of
the vaccine itself become more prominent.
The benefit of immunization for any given
individual decreases (due to a lower probabil-
ity of contracting the disease), whereas the
perception of risk might increase9. So, what is
best for the individual might be seen as
potentially different from what will benefit

society as a whole. However, it has only been
through the participation of hundreds of mil-
lions of individuals in vaccination program-
mmes that unimmunized individuals have 
the luxury of an altered risk:benefit ratio.
Interestingly, in 1980, the year that smallpox
was officially declared to be eradicated, promi-
nent individuals in the international health-
planning community were critical of the small-
pox campaign. They felt that the approach of
‘top–down’ (mandated and orchestrated by
global bodies) programmes was wrong and
contrary to more-localized, primary health
care10,11. Even this pre-eminent example of the
beneficial power of immunization was not
without controversy.

NATURE REVIEWS | IMMUNOLOGY VOLUME 2 | APRIL 2002 | 293

Measles
Mumps
Rubella
DPT
Poliomyelitis

Measles
DPT
Poliomyelitis
BCG

Industrialized countries

Developing countries

+ Varicella
Pneumococcal conjugate

+ Hepatitis B
Haemophilus influenzae

+ Hepatitis B*

* Used in 50% of global birth cohort
  Source: World Bank

12

11

10

9

8

7

6

5

1975 1985 1995 2000

N
um

be
r 

of
 v

ac
ci

ne
s

Figure 1 | Number of children’s vaccines used routinely in developing and industrialized
countries. As shown, the number of vaccines (y axis) that are given to children has risen steadily since
1985 in industrialized countries, but not in developing countries. DPT is a combination vaccine against
three separate pathogens: diphtheria (D), pertussis (P) and tetanus (T). BCG is the Mycobacterium bovis
bacillus Calmètte–Guerin vaccine against tuberculosis. The loss of life due to lack of infant immunization in
developing countries is due to the smaller number of vaccines that are routinely used, as well as to lower
immunization rates. Reproduced, with permission, from the World Health Organization6. 

Table 2 | Global vaccine-preventable deaths through infant immunization

Disease Number of preventable annual deaths

Hepatitis B 900,000

Measles 888,000

Tetanus (including 215,000 neonatal deaths) 410,000

Haemophilus influenzae type b (Hib) 400,000

Pertussis (whooping cough) 346,000

Yellow fever 30,000

Diphtheria 5,000

Polio 720

Total 2,979,720

Data taken from the World Health Organization (WHO) World Health Report 1999 and the WHO Department
of Vaccines and Biologicals.
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such a ‘high-tech’ vaccine put it beyond the
reach of the existing purchasing programmes
at the time. Although the technology that
supports recombinant protein vaccines is now
available worldwide, it took time and effort 
to develop that capacity, even in developed
countries.

People are created equal, but different
The simultaneous introduction of vaccines
into developed and developing countries is an
important goal. However, this is easier said
than done. In addition to the issues of avail-
ability and economics, it cannot be assumed
that disease burden, strain prevalence, vaccine
efficacy and effectiveness (how well a vaccine
works in clinical trials and real-world settings,
respectively), immunization schedules or
risk:benefit ratio will be standard or will 
justify the use of a vaccine in all areas.
Differences in genotype and health status of
individuals could affect how their immune
system responds to a given immune stimulus.
Environmental influences on the immune
system (for example, indigenous parasitic
infections that affect the predominant
cytokine-secretion profile of helper T cells, or
bacterial infections that facilitate or hinder
immunity against closely related pathogens)
might affect the immunological outcome of a
particular type of vaccine.

Just as a vaccine that works in one popula-
tion might not be as effective in another pop-
ulation, so might adverse effects of a vaccine
be specific to one population. Hence, a vac-
cine company might be reluctant to simulta-
neously test a vaccine in two populations, for
fear that an adverse effect in one population
(due to genetic, nutritional or other health
factors, or limitations of the infrastructure for
vaccine delivery) would halt the development
of a vaccine that could be both useful and
commercially viable in another population.
More importantly, the higher background
rates of morbidity and mortality in certain
developing countries might cause problems
when presenting vaccines for licensure in
more developed countries.

A counter-example to illustrate why vac-
cines might need to be tested simultaneously
in developed and developing countries is pro-
vided by a rotavirus vaccine. Rotavirus is a
major cause of diarrhoea in infants. In the
United States, 20 children die each year from
rotavirus infection, and worldwide, the virus
kills 600,000 children under the age of five
annually18. In 1998, a new rotavirus vaccine
was licensed in the United States. But by 1999,
reports emerged from American clinics of the
occurrence, after immunization, of a small
number of cases of intestinal intussusception

vaccine delivery specifically. The needs are so
great and so widespread, both geographically
and technologically, that assigning priority is
difficult. This prioritization is considered by
some to be an ethical issue, but in reality, it
might be simply that the pie is not sufficiently
large, rather than that the pie should be sliced
differently. The trade-off of protecting chil-
dren now from disease versus an emphasis on
the development of new vaccines to protect
children in the future is not a debate that can
be resolved even by Solomonic wisdom.
Neither trade-off is ethically defensible, and
the world should, instead, work construc-
tively to increase the resources devoted to
health, nutrition, prevention and specifically
immunization, to make vaccines available to
all people as required. But, how is this to be
accomplished?

‘Trickle-down’ or simultaneous introduction.
A marked effort is required to introduce vac-
cines into all necessary areas of the globe in a
more timely fashion. The average time lag
between licensing of a new vaccine for indus-
trialized countries and its use in less devel-
oped countries is 10–20 years6. There are
many reasons for this, including the lack of
manufacturing capability for vaccines that
require new technology in their production,
return on investment and the cost of manu-
facturing newer technology-based vaccines.
For example, when the recombinant hepatitis
B virus vaccine was first introduced, there was
not sufficient capacity worldwide for its pro-
duction. Moreover, the cost of manufacturing

Poverty and priorities. In wealthier countries,
the ethical issues that surround vaccination
tend to focus on the rights of individuals ver-
sus government or society. In poorer coun-
tries, the fundamental issue is the lack of
access to basic necessities for health, such as
adequate nutrition, clean water, medicines or
vaccines. Although poverty is clearly the main
cause of these deficiencies, other factors con-
tribute, such as the low priority given to
health and preventive measures, the disen-
franchisement and lack of political and eco-
nomic power of the people most affected
(children and women), corruption and
regional warfare.

In the year 2000, only 10% of global med-
ical-research funds were directed towards the
90% of diseases that affect the world’s poorest
people6. It would seem obvious from the eco-
nomic benefits that prevention of disease
(and health in general) should be a priority
for poor countries. It would seem equally
obvious that helping to ensure such health
should be a high priority for wealthy nations,
even if simply to protect their own popula-
tions. Not only can newly emerging diseases
spread rapidly across the globe, but pathogens
eliminated from one population can be ‘re-
imported’ (or new strains introduced) by
travellers or immigrants17.

At present, only about 1% of contributions
to overseas development are directed towards
immunizations6. The hurdle is not simply the
purchase price or availability of vaccines, but
for many poor countries, there is a lack of
infrastructure for health care in general, and
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Figure 2 | Measles global annual reported incidence and immunization coverage, 1980–2000.
The global incidence of measles has declined as immunization coverage has increased. The level of
immunization coverage plateaued in the 1990s, leaving a significant number of cases of measles still
occurring each year. Reproduced, with permission, from the World Health Organization22.
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challenge is how to increase the efforts of
industry that are directed at improving
health on a global basis. The fact that only
1% of pharmaceuticals that reached the mar-
ket-place between 1975 and 1997 were
approved specifically for diseases of the
developing world6 shows that, as a society, we
need to re-evaluate our priorities and our
paradigms, not that the economic model of
financial incentive driving technical advances
is wrong.

The challenge
We should challenge each economic sector,
population and government to appropriately
fulfil its responsibility to fellow humans or its
own citizens; in other words, they should treat
all of the world’s children as their own, rather
than denouncing particular groups as causing
these inequities. Further support must be given
rapidly to those whose efforts will result in vac-
cines that are better tailored for developing
countries, both in terms of the disease focus
and the development of technologies that will
facilitate vaccine access and sustainability. New
paradigms, including novel public–private
partnerships (BOX 2) and alliances that are
designed to engage local governments and

— a ‘telescoping’ of the small intestine that
often requires emergency surgery18. The num-
ber of cases was small, and the aetiological link
has been debated, but the vaccine was with-
drawn from the market. Clinical trials that
were testing the vaccine in developing coun-
tries were stopped. So, we do not yet know
whether the vaccine would have been effective
or caused side effects in children from devel-
oping countries, for whom the risk:benefit
ratio might well be quite different. More than
half a million children continue to die each
year due to rotavirus infection (although it is
hoped that other rotavirus vaccines that are
under development will be approved for use).
The issue of how to speed up vaccine deploy-
ment for developing countries and how to
develop vaccines that specifically address the
needs of those countries should not be over-
simplified. Different vaccines (for example, for
different virus strains) might be required to
prevent the same disease in different parts of
the world. The needs of people in developing
countries must be specifically, rapidly and
directly addressed to develop appropriate vac-
cines. To make this happen in a timely man-
ner, more thought and effort is required at
early stages of vaccine development. But, by
whom and at whose expense?

A farewell to arms
In the face of the unacceptable and gaping
inequalities in access to vaccines, the tempta-
tion has been to ‘point the finger’ at various
countries or segments of society. A chief tar-
get for many of these denouncements has
been large vaccine manufacturers, as well as
the people and governments of their home
countries. It has been easy to stir up indigna-
tion, although a thoughtful evaluation of the
real contributions, roles and responsibilities
of all parties has been more productive (BOX 2).
The cries for companies to lower the prices of
their vaccines has reinforced the unwarranted
notion that vaccines should be inexpensive
— an idea that perpetuates the vicious cycle
of the low valuation of health care, preven-
tion and children’s lives. Obviously, low cost
might be an important means of increasing
access to vaccines, but the fundamental prob-
lem is the low priority given to children,
health and prevention.

Most vaccines that are in use today were
developed fully and are manufactured by
industry, rather than the public sector.
Commercial companies have responsibilities
to their shareholders and are driven by prof-
its. But, it is these profits that have enabled the
companies to take the huge economic risks
that are required for the long process of dis-
covery, research and development of vaccines.

If all economic incentive were removed, or
made too small, even fewer companies would
bother to make vaccines19, and, instead, would
concentrate solely on therapeutic agents,
because people will pay more for drugs that
treat, rather than prevent, disease.

So, companies should not be expected to 
be philanthropic, although they should be
expected to be generous global citizens. Indeed,
industry-driven scientific and technological
advances have had an important impact on
improving global health. Combination vac-
cines — whereby several vaccines can be given
with a single injection — were developed in
part for the market advantage that they
would provide but have been an important
tool for increasing global vaccination rates.
In addition, industry and academia are both
contributing to the continuing development
of vaccines that do not require refrigeration
or needles and can be given orally or nasally
— a true ‘farewell to arms’.

In most walks of life, philanthropy usually
comes as a consequence of success, and the
same is true for medicines. So, the profit-
driven priorities of vaccine companies are
not unethical per se; rather, they are not dri-
ven primarily by ethical concerns, and the
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Box 2 | Potential mechanisms to achieve equity in health

The unequal access to existing vaccines and the relative lack of effort being applied to develop
and produce vaccines for diseases that predominate in developing countries is part of the larger
problem of extreme poverty in many nations. Although the roots and other manifestations of
poverty must also be addressed, as Jorge Jiminez of the World Health Organization has said,
“Health is seen more and more as preceeding development and not only as a consequence of
wealth”20. Rather than relying on governments or international bodies as the sole means to
address these problems, new models of public–private partnerships (PPPs) have arisen.

The fundamental idea of a PPP is to bring together entities from both the public sector
(government or intergovernmental agencies) and the private sector (for example, industries,
such as vaccine companies) to address a particular need, with each partner undertaking specific
activities on the basis of their particular expertise and capacity.

Participation by industry might be in the form of donating a product, or applying research and
development expertise to diseases (or types of health intervention) for which the market alone
would not provide sufficient incentive. The motivation of the pharmaceutical industry might
range from pure philanthropy (global citizenship and garnering goodwill) to economies of scale
(if the product has a market elsewhere that will allow for higher prices to offset the lower prices
in developing countries)21.

Recent PPPs have been established to tackle the challenges of developing and producing
vaccines for diseases such as HIV and malaria. The input of effort or intellectual property from a
‘for-profit’ company and the potential loss due to ‘opportunity costs’ (that is, the possible
revenue from a highly recompensed product if the effort had been directed towards that product
rather than a vaccine for a developing country) can be strong disincentives for companies to
participate in PPPs. Another approach that might become increasingly useful is the provision of
early access to new vaccines and technologies for developing countries by the transfer of
technology from a pharmaceutical company in an industrialized country to a local
manufacturer in a developing country. Key roles for governmental and intergovernmental
agencies include the regulation of products, and testing and manufacturing processes, and the
prevention of reflow of products produced for lower pricing in developing countries into
countries in which companies anticipate higher pricing to recoup the costs of development and
make profits for reinvestment in future products.
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immunizationinfo.org
World Health Organization: http://www.who.int/home-page/
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manufacturers at early stages of research and
development, are required. In this way, each
group can contribute what they do best to the
common goals of improving access to existing
vaccines, developing new vaccines and tech-
nologies for existing diseases (such as HIV
and malaria), and ensuring that increases in
immunization rates are sustainable. Perhaps
most difficult of all will be to change the
mindset of people all over the globe. We need
to place a higher priority on health and disease
prevention, and above all, to value the lives of
all people, no matter where they live — even if
they are impoverished and powerless.
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