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Introduction

The toll of genetic and congenital diseases hamticbeen charted by the March
of Dimes Birth Defects Foundation. It has beemested in a recent report (MoD
2006) that worldwide, the birth prevalence of ahgtic and congenital diseases
range from a high of 82 per 1,000 live births iwdmcome regions to a low of
39.7 per 1,000 live births in high-income regions.

The alarming results of this study more than jystdllaborative national and
international initiatives for the care of thoséeated and for the prevention of
these diseases and disorders.

These initiatives should be based on local andbragineeds, barriers and
bottlenecks. They should aim to develop an appatgnetwork of high quality,
easily accessible genetic services integratedeptimary and secondary
healthcare system and multi stakeholder partngsshi

Patient groups have united in alliances at natjaegional and global level to
focus on disease specific interests, on sociakssu on prevention and treatment
of genetic and congenital diseases. They playjemreasing role in developing
strategies that seek to prevent birth defects amtpprove the care and support for
individuals, families and communities affected bgge disorders.They also
contribute to research into prevention and treatraad to care delivery.

Definitions

Birth defects are defined as any abnormality aiffgichody structure or function
that is present from birth. They may be clinicallyious at birth or may be
diagnosed later in life. (WHO, 2000).

The term “birth defects” is synonymous with thanéitongenital disorder” as
defined and used by WHO and both terms can beiotadhangeably. Patient
Alliances do not like the term “birth defects” lprefer “genetic and congenital
conditions”. The terms “diseases”, “disorders” doohditions”, although they
have different emotional and semantic aspectsalsambe used interchangeably.



Birth defects and their toll

Every year an estimated 7.9 million children - @#total births worldwide - are
born with a serious birth defect of genetic or iadlst genetic origin. Hundreds of
thousands more are born with serious birth defgfgi®st conception origin,
including maternal exposure to environmental agsath as alcohol, rubella,
syphilis and iodine deficiency.

Serious birth defects can be lethal. For those sumaive, these disorders can
cause lifelong mental, physical, auditory or visdighability. Many conditions
result in multiple impairments affecting a wide garof body systems. At least 3.3
million children under five years of age die froirtiv defects each year and an
estimated 3.2 million of those who survive may sabled for life.

Early in 2006 the March of Dimes published and prted a report in which the
toll of birth defects was documented. This repsthie first to provide worldwide
estimates of the prevalence for serious birth defetcgenetic and congenital
origin. (March of Dimes, 2006)

Most frequent serious birth defects

The five most frequent serious birth defects actéamabout 25 percent of all

birth defects of genetic or partially genetic anigi hese are congenital heart
defects (more than a million per year), neural tékects (more than 150,000 per
year), hemoglobin disorders such as thalassemiaiaki@ cell disease (more than
150,000 per year), Down syndrome (over 200,000/ear) and glucose-6-
phosphate dehydrogenase (G6PD) deficiency (betd&@®00 and 200,000 per
year). Each group requires a specific approachdalelivery of appropriate
services for prevention and for the care of thdeted and for support to families
at risk.

90% of children are born in low and medium incoroardries

Birth defects are a global problem but their impagiarticularly severe in middle
and low income countries. More than 94% of thehsif children with serious
birth defects and 95% of the deaths of these @nldiccur in middle to low
Income countries.

Over the last 40 years these countries have beme atimproving healthcare.

This has resulted in a reduction in population addyt This positive health
transition is marked by a decreasing occurreneefe€tious diseases and
malnutrition, declining infant and under five mditiarates and increased
population life expectancy.

Unfortunately, the rates of birth defects has remrdased. This is a special tragedy
because up to 70 percent of birth defects cotiietebe prevented or the children
affected offered care that would be life savingignificant in reducing aspects of
any resulting disability (Christianson & Modell, 29 Czeizel et al, 1993)



Millennium Development Goals

In 2000 the United Nations announced its MillenniDevelopment Goals (see
Box 1) for 2015. These were wide ranging but onehefbig goals is to reduce
under-five child mortality by two-thirds from th®90 base.

Box 1: UN Millennium Development Goals:

Goal 1:

Eradicate extreme poverty and hunger

Goal 2:

Achieve universal primary education

Goal 3:

Promote gender equality and empower women

Goal 4:

Reduce by two thirds the mortality rate among ¢kitdunder five
Goal 5:

Improve maternal health and reduce by three qusatter maternal mortality
ratio

Goal 6:

Combat HIV/AIDS, malaria and other diseases

Goal 7:

Ensure environmental sustainability

Goal 8:

Develop a global partnership for development

Barriers and bottlenecks in prevention and care

Experience from high income countries presentpdssibility of preventing,
ameliorating or treating up to 70% of birth defe@sven that this is so, what are
the barriers that block action to reduce so sigairftly the burden of birth defects?
A fundamental problem is the low priority giventtes major health issue by
health policy makers, public health officials ahd medical profession due to a
lack of awareness of the incidence and prevalehbatb defects and of the cost
implications of lifelong disability.

Moreover there is a widespread misunderstandingetifective care and
prevention of birth defects require costly, highkeology genetic services at a
tertiary specialist level that developing countfiesnnot afford”. Whilst this may
be the case for some conditions a great deal efaradl prevention can be
appropriately and routinely carried out in primand secondary healthcare
settings.



Other barriers are created by the poor socio enanstatus of many of the
families at risk (poverty, illiteracy), low levets pre conception maternal and child
healthcare, absence of integrated networks of ges@tvices (lack of experienced
geneticists and primary health care providers égin genetics) and many other
“‘unmet” needs (e.g. infectious diseases, malnatrjtpoor sanitation, labour and
delivery care) which need to be addressed.

Approaches to reduce the toll of birth defects

Impressive progress in the Life Sciences and Biooa¢technologies increasingly
enable us to understand the causes of geneticomgeital diseases and provide
tools for prevention and treatment. For many disgélsere are simple tests for use
in early detection, neonatal screening and fori@aidentification that facilitate
preventive strategies. For an increasing numbdrsafases new, often biotech
based, drugs have been developed and put on thketmar

A prerequisite for an effective approach to redgdirth defects is the availability
of competent networks of medical and genetic sesvfor care and prevention. In
addition to this public awareness, political witicagovernmental commitment are
a necessity for success.

There is no standard set of interventions thatbearecommended for universal
application. Regional and national differencesaeads and priorities,
epidemiology, demographic factors, organizatiohedlth care systems and
available resources all have a part to play intnggatient and family needs.

For each region or country and for each group ihlidefects specific strategies
need to be developed. Whilst specifics will vagnfrcountry to country, and from
disease to disease, such strategies are like mihaommon the need for genetic
networks, for quality assessment and evaluati@ourees, public awareness and
communication on the international level.

Over 90 % of the children are born in developingrdaes. This more than
justifies - also following the UN Millennium Goalglobal support, regional
strategy development and the provision of appré@rn@sources.

Recently Ministries of Health, major internatiomastitutions and professional and
lay organizations are creating joint ventures tonteract the impact of birth
defects. An example of such collaboration is thmiog together of the World
Health Organization (non communicable diseases)h&sed Centres for Disease
Control & Prevention, the Global Programs of theréheof Dimes, the World
Alliance of Organizations for Prevention and Treatitnof Genetic and Congenital
Conditions and the International Genetic Alliané®arent and Patient
organisations (IGA).



The report of the March of Dimes Birth Defects Foatmon (New York, Jan.
2006), acknowledged by a WHO expert meeting (Genday 2006), sets the
scene by presenting explicit data on the toll ahbilefects per country and gives
recommendations for services for care and preventio

The mission of the March of Dimes Birth Defects R@ation is to improve the
health of babies by preventing birth defects afanihmortality. March of Dimes
Global Programs builds on the Foundation's strenigyhdeveloping and
implementing innovative programs to promote pedhhealth worldwide.

The World Alliance, founded by the March of Dimaslio94, and working
together with the March of Dimes Global Progranmaoutted itself to

* establishing strategic partnerships to connatti@ities, (primary & secondary)
healthcare officials, academia and parent/patientiounity groups in networks
dedicated to improving services.

* supporting the development of coordinated sgpai& action plans based on the
advances in genetics, genomics and biotechnolagysing on regional needs and
priorities and the optimal use of available exggerand facilities

* encouraging the establishment of networks of cet@pt genetic services
integrated in primary and secondary healthcareepyst

* encouraging advocacy initiatives at global, regiband country levels to
increase awareness and mobilize resources andrsuppo

* applying ethical principles

The World Alliance has a strong partnership with titernational Genetic
Alliance of Parent and Patient Organisations (I@#&pugh structural participation
at board level and in projects and activities dnsl ¢specially joint ventures with
groups in developing countries.

The International Genetic Alliance (IGA) is an atice of continental and regional
alliances of parent/ patient/family organisationtvan involvement in promoting
the opportunities and understanding the implicetiof genetics, genomics and
biotechnology and its potential for prevention amsétment of serious disease.
IGA’s vision is a “world in which genetic diseasasd acquired birth disorders are
understood, prevented and cured and those affactkgdupported.” IGA promotes
medical genetic services, technologies and acodas$ormation in order to
alleviate the burden of genetic conditions for wndiials, families and
communities.

IGA was founded in 2000 and brings together ov&02@arent/patient
organisations together through a global netwonegfonal and national alliances
and patient led umbrella groups.

Parent/patient and family organizations are a nasvptentially powerful partner
for increasing public awareness, supporting fasileontributing to education and
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the provision of tailored, balanced and reliabfermation, ensuring effectiveness
and equity in medical genetic services. They abby for increased investment in
research and development of genetic services dad imiterventions for the care
and prevention of birth defects.

IGA and the World Alliance jointly develop strateg for identifying health
system barriers and how to address them througinconcation and strategic
partnerships.

Some routine aspects of such a strategy are
1. to raise awareness of the need for prevention arelaf congenital and
genetic disorders among governments, developmeirtgrga, the medical
profession and other stakeholders
to encourage better use of existing resources
to increase the extent of implementation of proméerventions
to identify of gaps in knowledge, communication aesources
to stimulate research initiatives
to empower of patient, family and community groups
to promote of genetic education for non-genetealth professionals

Noobkwn

The World Alliance - in cooperation with the MarghDimes and national
organisations - has co organised major conferancése Hague, Amritsar,
Johannesburg, Beijing,Rio de Janeiro and Oman.

The meeting in The Hague was an expert meetinggansed with the WHO in
1999, 27 experts from 19 countries participatect fidport of the meeting
(“Services for the Prevention and Management oféBerisorders and Birth
Defects in Developing Countries” WHO, 1999) is anpoehensive list of
recommendations that are still relevant today.

They are:

* Chart and recognize the impact and consequerfagsnetic disorders.

* Improve epidemiological knowledge about genetsodders

* Define goals of genetic services in terms of widiial family well-being and public
health.

* Improve prenatal and perinatal services.

* Organize genetic services that are compreherasigentegrated with roots at the
primary health care level.

* Educate the public about genetics.

* Encourage political will and commitment.

* Encourage the formation of parent/patient orgatdamns.

Medical genetic services integrated in public Healt
Medical genetic services in low- and middle-incasheuld be based on a
continuum stretching from peri-conception care,enal health and the




management of labour, to newborn and child healtk tor infants and children
with acute and chronic disorders. Services forctre and prevention of birth
defects must also link to and build on programmesutrition, immunization,
infectious disease control and disability and rdfabon. Amongst others.
Medical genetic services should have a strong ibgsemary health care and be
integrated with secondary and tertiary health sargices.

Medical genetic services should emphasize botharzd@revention. Care includes
the recognition and diagnosis of birth defectsatireent involving therapeutic,
surgical and neurodevelopmental therapy; and cdlings&vith psychosocial
support. Care can be cost-effective as is seemextmple, with the diagnosis and
surgical treatment of common malformations sucbeatain cardiac defects and
cleft lip and palate (Christianson, 2006; Christiam and Modell, 2004; WHO,
1999).

Medical genetic services should also focushenimplementation of basic
reproductive health approaches. This is generaif provided as part of peri-
conception care. Such services include family glagnand optimizing women'’s
health through, for example, improving diet, optitnaatment for significant
ilinesses such as type-1 diabetes mellitus anégyland controlling teratogenic
factors.

Medical genetic services targeted to period spestfiategies
A range of interventions are possible, but thesstrna targeted at the appropriate
stage of pregnancy and the neo-natal period if #ieyto be effective.

Preconception

1. Carrier identification using family pedigrees

2. Carrier screening for common recessive disordeeshaemoglobin
disorders (FBC & indices, electrophoresis, DNA) agsitic fibrosis (DNA)

Antenatal

Rhesus status

Down syndrome (advanced maternal age, maternainseitrasound)

Neural tube defects (maternal serum & ultrasound)

Major malformations (foetal anomaly scanning)

Carrier screening for common recessive disordkeeshfiemoglobin

disorders (DNA) & cystic fibrosis (DNA)

Postnatal

8. Neonatal screening

9. Congenital hypothyroidism

10.Sickle cell disorders

11.Neonatal jaundice /G6PD deficiency

12.Inborn errors of metabolism
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Medical genetic services targeted to disease spemproaches

For the five most frequent serious birth defectatio@ed above specific services
are available. Hemoglobin disorders such as thataissand sickle cell disease are
single gene defects which have a high prevalenceriain parts of the world. This
is in part due to consanguinity. Carrier testind genetic counseling could
significantly reduce the prevalence. In some coesisuch as Cyprus and Sardinia
the occurrence of these diseases has been reduakddst zero by the provision
of appropriate counseling, services and support.

The incidence of some chromosomal disorders su€loas syndrome could be
reduced by awareness of the risk associated withreehg maternal age. The
incidence of neural tube defects can be signiflgastduced by pre conceptional
administration of folic acid.

Medical genetic services targeted to reproductpm@aches

1. Family planning
Access to family planning, allows couples to spa@gnancies, plan family size,
define the ages at which they wish to begin andpteta their families and reduce
the proportion of unintended pregnancies. This: will
1.1 reduce the overall rate of birth defects
1.2 decrease the birth prevalence of Down syndioymeducing the number of
mothers of advanced maternal age
1.3 allow women with affected children the optidmot having further
children
1.4 introduce women to the concepts of reproduathaice

2. Maternal health and nutrition
A healthy, balanced diet before and during a wosagproductive years through
an adequate intake of macronutrients (protein,adaytirates and fats) and a broad
range of micronutrients willl:
2.1 prevent iodine deficiency disorder throughftiréification of salt with
lodine
2.2 prevent neural tube defects and other malfoomathrough fortification of
flour and other staple foods and with folic acigglementation where required
2.3 reduce birth defects due to common teratogects &s alcohol and
recreational drugs

3. Infections

Control infections in women before and during piaggy. In particular,
3.1 prevent and treat syphilis
3.2 prevent congenital rubella syndrome through umization.



Trends in healthcare

Over the last half century there has been a spifiattern of possibilities for
intervention. Half a century and more ago littlesvk@own about the causes of
conditions which appeared before or around the afri@rth. As science
progressed ignorance gave way to inconsistengyastknown that certain
conditions were congenital, but why was uncleaiagbosis leads to the
possibility in an increasing number of cases terwgne in ways that will allow
early (pre-natal) diagnosis, risk assessment, @wngsand for more and more
conditions practical interventions for preventiamgnagement or cure (Box 2:).

Box 2 Trends in healthcare

1950 — 1960 Ignorance

1960 — 1970 Uncertainty

1970 — 1980 Diagnosis

1980 — 1990 Quality of life

1990 - 2000 Management

2000 - 2010 Prevention, testing/screening

2010 - Timely & well informed decision making
re: own health & off spring
Individualised medicine

NookwhE

Graph 1
Healthcare resource allocation and disease buaderent patterns of provision
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Typically health case systems around the worldshtiee bulk of their available
resources in responding to extant disease. Thithkeagsult of concentrating
resources at the end of life, when often little bardone beyond palliation of
symptoms and provision of added quality of life fioose already sick. Whilst this
Is an admirable aim, and it must not be overloakechinimised, it does little to
prevent disease from emerging or to reduce thectmgfadisease on individuals
and families at risk.

The advances in our understanding of the links éetwgenes and health and
disease allow us to plan for a future where eatigrventions, possibly even in the
pre-symptomatic phase of the development of aasirwill allow for the
introduction of preventative therapies or othenfsiof treatments which will
either remove the cause of the condition, stofurther development beyond the
point of introduction of treatment or even provaleure or a long term remission.
This will not only reduce the burden of diseasdammilies, it also allows for the
introduction of a public health based programmsestice delivery that combines
life style measures with management and therapyd¢aaces demand for
resources by changing the trajectory and impatieftliisease (Graph 2).

Graph 2: Healthcare resource allocation and diskaslen given the development
of effective programmes for reducing birth defects.

Conclusion
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The toll of genetic and congenital diseases isranas and much underestimated.
This is particularly alarming in medium and lowamee countries where over 90%
of the world’s children are born. Over the lastatiz molecular biology and
medical technologies have greatly advanced andaweoffering new tools for
early detection and accurate diagnosis. New sceéehaee emerged such as
genomics, proteomics, metabolomics, systems bigloigyinformatics all
contributing to better understanding of the mec$rasicausing disease, laying a
comprehensive basis for strategies leading to pteweand treatment of genetic
and congenital disorders.

New approaches in terms of multi stakeholder comenitts and strategic
partnerships and the application of the many reseentific achievements to
early detection and appropriate care linked to aqeimpnsive medical genetic
services can reduce considerably the toll of Wefects. In contrast to commonly
held perceptions,these services - if integratqulisliic healthcare — are cost
effective.

Approaches include timely folic acid supplementatiodized salt, good maternal
nutrition, vaccination programs to avoid congenié&ctions, avoidance of
environmental teratogens and giving women morerobaf their reproductive
options..

“No matter our own personal interests, or the camseof the countries we
represent, we are all working for the same godiitare where all babies are born
healthy and where every child born with a birthedfreceives appropriate care,
and can grow up to live a productive and healtlfwy. li

All countries in the developing world should urfie a future of Healthy Children
throughout the world!” (concluding sentenddanifesto adopted at thé%2
International Conference On Birth Defects and Dig&ds in the Developing
World, held in Beijing, China in September 2005.
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