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Children differ significantly from adults in the way they
absorb, metabolise, and excrete drugs.1 These parameters
also vary as children grow from neonates through to
adolescence. The practical implications and challenges that
this presents are well know to anyone who is involved in the
medical management of sick children. The importance of
paediatric medication safety and efficacy has been gaining
increasing attention in the developed world over the past
decade. The United States has introduced a carrot and stick
approach to increase research into medications for
children with the ‘‘paediatric exclusivity provision’’ and the
‘‘paediatric rule’’. The European Union is also investigating
ways of improving the availability of medications for
children. Unfortunately, this increased focus on
appropriate medicines for children, which has occurred in
the developed world, has not been mirrored in developing
nations. Currently more than 10 million children under the
age of 5 years die each year,2 3 with only six countries
accounting for 50% of these deaths. The majority of these
deaths are from treatable or preventable diseases.4 The
developed world has a moral and ethical obligation to
share its gains with the children of the world.
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A
s significant advances are made in the
treatment of children in the developed
world it is time to expand our areas of

research to improve the health care of children in
resource poor settings. As a priority we need to
focus on a few key areas where we can affect a
significant impact: the rational use of medica-
tions in children, including guidelines for appro-
priate drug choice and use in paediatrics; the
development of appropriate formulations for
children, and where such formulations are not
available, guidelines for preparation of extem-
poraneous formulations appropriate for resource
poor settings; and finally the methods by which
medications are purchased and distributed within
each country. It is also important to recognise that
effective methods used to maintain compliance
with drug administration may also be specific to
the culture and belief system in a country.
It is paramount that all interventions are

individualised to the needs of a given country
or even a given region within a country, as one
size will not fit all. The importance of a country
specific assessment cannot be overemphasised.
This glaring need is underscored by assessing the
burden of disease for children under 5 years of
age, as measured by mortality. For example, the

causes of under 5 mortality in sub-Saharan
Africa are: neonatal causes (25%), malaria
(22%), pneumonia (21%), diarrhoea (20%), and
AIDS (8%).4 On the surface this aggregate might
suggest that the priority areas for all countries in
the region should be malaria and AIDS. This
would be inappropriate as some countries in sub-
Saharan Africa have very little malaria, others
very few AIDS deaths, while some are severely
affected by both.5 One plan for the enhancement
of paediatric therapeutics will not be applicable
to all countries.
The irrational use of medications is a signifi-

cant problem worldwide. It is estimated that 25–
75% of antibiotic prescriptions in teaching
hospitals are inappropriate and that half of the
worlds 15 billion injections are unsafe.6 The
rational use of medication starts with choosing
appropriate medications in the first instance. The
WHO model essential medicine list (EML) helps
countries develop their own EML with the aim of
improving drug use through rational choice. The
EML has been in existence for more than 25
years. It has proven to be a very successful public
health initiative, with over 156 countries adopt-
ing the concept and developing their own EML.6

Currently however, both the WHO model EML
and formulary lack a paediatric focus. This is
shown by the fact that of the 160 medication
listings on the core list that could include a
paediatric formulation, only 47 do so.7 The
Expert Committee on the Selection and Use of
Essential Medicines have themselves noted the
need for a special review of the use of medica-
tions in paediatrics.8

The development of a paediatric specific
essential medicine list would have a number of
benefits. It would increase the awareness of the
need for paediatric specific medications and
formulations, and highlight areas of priority
where medications or formulations are lacking.
WHO and UNICEF only promote the use of
medications that are on the EML, so a paediatric
list would also stimulate pharmaceutical compa-
nies to produce paediatric medications. Through
increasing the availability of paediatric oral
formulations, such a list could also decrease the
reliance on parenteral medications in children
and thus the morbidity associated with their use.
The need for paediatric specific formularies and
drug references is shown by the fact that many
countries have recently produced such publica-
tions, namely Medicines for children9 in the UK and
Paediatric pharmacopoeia10 in Australia.
The compilation of an appropriate essential

medicines list for children is just the first step to
improving the use of medicines for the world’s
children. Regardless of how comprehensive or
practical such a list is, it will have little impact on
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child health if significant numbers of children worldwide
continue to be denied access to these important, listed
medications. Currently it is estimated that a third of the
world’s population, 2 billion people, do not have regular
access to essential medicines;11 this percentage rises to 50% in
the poorest parts of Africa and Asia.12 The Commission on
Macroeconomics and Health estimates that 8 million deaths
a year could be prevented by 2015, through merely scaling up
essential health services. The majority of such essential
health services require reliable access to essential medicines.13

To improve access to essential medicines for children we have
to strengthen health services for children in developing
countries and ensure that they have a high priority. As
identified by the Millennium Project Task force on HIV/AIDS,
Malaria, TB and Access to Essential Medicines, the grading
up of health facilities is very complex.14 It requires concerted
and prolonged commitment from multiple stakeholders,
including international donors and recipient governments.
A coordinated, long term, all encompassing approach needs
to replace the often fragmented single programme, short
term and unpredictable approach that currently occurs.
Developed countries need to commit to providing develop-
ment aid while developing countries need to realise the
importance of investing in health. Individual countries
themselves must initiate these measures or else they are
destined to fail.
The cost of medications is one of the key barriers to their

full access. In developing and transitional economies, 50–90%
of medications are paid for directly by patients.15 This
disadvantages the poorest and most vulnerable in a commu-
nity, such as children, leading to delays in or absence of
seeking health care and subsequent under-treated morbidity
and mortality. User pay systems need to be abolished to
remove a significant barrier to access. The price of new
medications in particular has become a significant concern in
recent years. Anti-retroviral medications are an excellent
example of how new essential medicines can be priced
outside the grasp of the countries that need them most. Drug
development is an expensive process. Patent laws have been
implemented to allow manufactures time to recoup costs and
make profits before they are exposed to competition.
Members of the World Trade Organisation are bound by
the agreement on Trade-Related Aspects of Intellectual
Property Rights (TRIPS), which established a global mini-
mum for patent protection.
Patent protection is a two edged sword when it comes to

the pharmaceutical industry and the development of new
medications. On the one hand, patents stimulate research
and development of new and important therapeutic
advances, while on the other hand they decrease competition
from generics, thus maintaining the high cost of medicines.
The international community has attempted to address this
issue through the Doha Declaration on the TRIPS Agreement
in 2001 and the Paragraph 6 decision in 2003. These
agreements theoretically enable countries with public health
needs and insufficient manufacturing capacity to import
lower cost products from other countries. This will become
increasingly difficult however as countries such as India
implement laws preventing the reverse engineering of
pharmaceuticals and sale of cheaper generic equivalents.
The Indian generics industry has played a major role in
reducing the cost of treating an AIDS patient in the
developing world, where it now costs $140 per year compared
with $10 000–30 000 per year in Europe or the USA.16 The UK
Department for International Development (DIFD) report,
Access to medicines in under-served markets,16 provides a
comprehensive review of this very complex area.
In addition to accessibility, an extremely important but

often overlooked characteristic of essential medications is

their available formulation(s) and storage requirements. The
majority of medications worldwide are not formulated for
easy or accurate administration to children. The lack of
appropriate formulations for children makes dosing of
medications in this population less precise and less safe
than in adults. The younger the child the less likely there
will be an appropriate formulation.17 The need for paediatric
formulations has recently had increased publicity in relation
to HIV medications. The WHO and non-government organi-
sations, such as Médecins Sans Frontières, have been
advocating strongly for industry to development paediatric
anti-retroviral formulations. The problem of formulations is
not limited to HIV medications, however; it is an issue for
the majority of therapeutic drug classes used in children. It
is important to convince industry of the need and value
of developing paediatric formulations applicable to the
developing world. It must be ensured that such formulations
are safe. The hundreds of child fatalities from diethylene
glycol poisoning through the preparations of liquid formula-
tions in Nigeria,18 Bangladesh,19 India,20 and Haiti21 in the
1990s serve as poignant and recent reminders of the disasters
that can occur when paediatric formulations are not prepared
safely.
Relying solely on industry will take time, and appropriate

formulations are required now. In the absence of commer-
cially prepared formulations appropriate for paediatrics, a
compendium of analytically defined stability recommenda-
tions encompassing multiple time and temperature condi-
tions for extemporaneous formulations of ‘‘essential’’
medications must be undertaken. This information is
available for many compounds used in developed countries
(for example, Pediatric drug formulations22); unfortunately,
these resources are generally not applicable to developing
countries. The methods outlined and resources required are
often not feasible in resource poor settings. Medication
storage conditions and facilities (for example, refrigeration)
that are routine in developed countries may not be easily
accessible in developing countries, resulting in unacceptable
wastage. Another problem with currently available references
is their lack of focus on drugs used in developing countries as
well as a lack of uniformity in stability testing methodology.
These important deficiencies must be addressed in a
methodical and coordinated fashion with a primary focus
on practicality within resource poor settings. Research into
the preparation and stability of extemporaneous formula-
tions under multiple storage conditions appropriate for the
developing world needs to be undertaken immediately.
Many obstacles to performing clinical research by local

investigators and practitioners within developing countries
exist, including a lack of resources and large clinical
demands. Researchers in resource poor settings need to be
supported and assisted by those from more affluent
countries. There is a great need for research into the
development of new treatments focused on neglected
diseases, which plague developing countries. Of the 1393
new chemical entities developed over the past 25 years, only
1% have been aimed at these neglected diseases despite their
significant burden of morbidity and mortality.23 This sig-
nificant imbalance in research has lead to the term ‘‘10/90
gap’’ to underscore the fact that of the $70 billion spent each
year on global health research, less than 10% is spent on
research into diseases that represent 90% of the global
disease burden.24 Research into drug safety and efficacy
appropriate to children in developing countries must focus on
the established treatments used in the less developed
countries as well as contemporary treatment regimens
available in developed countries. We all have a responsibility
to assist in such research while simultaneously ensuring
strict adherence to defined ethical standards.
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A way to start addressing these issues would be through
the formation of regional collaborations, or networks, such as
North America–South America, Europe–Africa, Japan–
Northern Asia, Australia–Asia Pacific. Such integrated
alliances would allow the development of in-depth local
knowledge that is not possible from a global level. Formal
collaborative research units could be developed within these
networks and they could also participate in the refinement of
essential medicine lists appropriate for children. Education
would be a useful approach for addressing as well as
increasing the understanding and visibility of the many
problems of pharmaceutical care in developing countries.
Strategies could include mini training programmes for
counterparts to study with established preceptors in their
programme, and/or visiting professor programmes for inten-
sive ‘‘hands-on’’ training by established individuals within
target areas. Numerous organisations (for example, the
WHO) support such experiences, but much, much more
must be done now that embraces a larger segment of needy
countries in a manner that ensures lasting effects. Another
approach could include conferences hosted by organisations
such as the WHO, National Institutes of Health, IUPHAR,
DIA, International Network for Rational Drug Use, and
Médecins Sans Frontières, focusing on the problems of
children in developing countries, in the areas of hospital and
ambulatory pharmacotherapeutics and pharmacovigilance.
In October 2002, paediatric clinical pharmacologists from

around the globe met to form an international consortium to
begin to address some of these issues. A public health
working group was formed which committed the
International Consortium of Paediatric Clinical
Pharmacology (ICPCP) to addressing issues relating to child
public health. Paediatric clinical pharmacology has the
opportunity and the obligation to make a significant
contribution to the health of the children of the world.
Over the past three decades it has made significant progress
in attempting to rescue the therapeutic orphan in the
developed world. The skills, experience, and knowledge
gained from this experience in the areas of research,
advocacy, and policy must be put to invaluable use in
addressing many of the health issues facing children in
developing countries. This is the broad aim of the
International Consortium of Paediatric Clinical
Pharmacologists’ Public Health Working Group.
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