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SUMMARY Genetic disorders are emerging as a major health problem in industrialized countries,
especially with greater control of environmental diseases. Of total admissions to major paediatric
hospitals, 50% are due to genetic disorders, and at least 10% of all adult admissions to hospitals
involve major genetic contributions. Several programmes aimed at preventing or ameliorating
these genetic disorders are being implemented. Identifying people at risk of genetic disease has
helped decrease the burden of such diseases on families and society. Early recognition also leads
to greater success of treatment and improves outcome and prognosis. In Arab populations, genet-
ic disorders are still not perceived as a major health probiem, even though they are widely preva-
lent. Applying similar programmes of early detection, maternal screening, neonatal screening,
carrier tesling and susceptibility testing will significantly help reduce tho impact of those disordere

in our populations.

Introduction

There is strong evidence that genetic fac-
tors play an important role in human diseas-
es [1]. In the technologically developed
countries, genetic disorders and birth de-
fects are emerging as a major health prob-
lem, especially after eliminating
malnutrition and endemic diseases, and
having better control over epidemic and en-
vironmental disorders. There are more than
6000 single-gene Mendelian disorders de-
" scribed. Of total deliveries, 16% involve
birth defects, and almost 50% of these are
major (i.e. they have medical, surgical or
cosmetic consequences} [2]. About 50% of
all paediatric admissions to major hospitals
involve birth defects or genetic diseases.
After accidents, they are the leading cause

of death in children in North America [2].
In the United States of America,
250 000 births yearly involve major birth
defects, and over 10 million American men
and women currently have birth defects. In
Canada, it is estimated that 60% of Canadi-
ans will experience a disease with a signifi-
cant genetic component in their lifetime
{3].

Until now, the prevailing concept of
medicine is that of the body as a machine,
which the doctor is called upon to fix when
it breaks [4], similar to the role of an engi-
neer who uses technology in fixing a dis-
abled machine [5,6). This engineering
mentality has dominated medical practice
for centuries, and has influenced medical
teaching and shaped the provision of medi-
cal care. This model is dependent on ad-
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vanced and expensive technology, but the
escalating cost of providing such treatment
has made it prohibitively expensive. It is
estimated that the lifelong cost of treating a
child with moderate mental retardation
(MR) runs to millions of US dollars and it is
considerably more for those with severe
MR. Medicine is now gradually moving
into a new era and new territory — an era of
preventive medicine, which entails identi-
fying people at risk of developing diseases
and trying to prevent the occurrence of
these diseases, or ameliorate or alter their
course before they occur, Genetics is lead-
ing medicine in this area.

In some technologically developed
countries, several programmes are current-
ly in place to identify individuals at risk of
genetic disorders amenable to prevention
or {reatment. As technology evolves, newer
programmes and services are being intro-
duced, once their merit becomes evident.
Some of these programmes are mandated
by law, others are voluntary.

In Canada, where health services are
constitutionally guaranteed to each individ-
ual, the preventive genetic programmes are
universally available to everyone. The most
significant measure is genetic screening
and Canada has been a leader in taking the
initiative to apply the principles of genetic
screening in the health care system [7]. The
currently available services in Canada to
identify at-risk individuals for genetic dis-
orders through genetic screening include:
¢ newborn screening
* maternal serum screening
* caiier screening ‘

* presymptomatic testing
* susceptibility testing

* prenatal testing

* preimplantation testing.
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Genetic screening

Genetic screening is the monitoring of a
population to identify affected fetuses, or to
determine those members of the population
who, despite being apparently normal, have
genotypes that are associated with diseases,
or may lead to diseases in their offspring
[7.8]. Genetic screening thus serves several
objectives. First, it can lead to therapy, as in
the case of newborn screening which aims
for the earliest possible recognition of dis-
orders so that intervention can prevent the
serious consequences of these diseases.
Secondly, screening can identify those
whose pregnancies are at increased risk of
producing offspring with serious genetic
abnormalities. They can then be counselled
on their reproductive options, including
prenatal diagnosis and treatment.

Newborn screening
Newborn screening is the most widely used
form of genetic testing in Canada and the
United States. Currently, screening is con-
ducted for the following 15 metabolic and
non-metabolic diseases.

* Dbiotinidase deficiency

* congenital adrenal hyperplasia

* congenilal hypothyroidism

* cystic fibrosis

* palactosaemia
haemoglobinopathies

* homocysteinuria

* maple syrup urine disease

* phenylketonuria

* tyrosinaemia

* congenital toxoplasmosis

* congenital hearing defect

* human immunodeficiency virus
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Table 1 Newborn screening in Canada, by province and type of blood screening, 1990
Province PKU Thyr AAC Gal MDys CAH Biot Tyr
British Columbia + + +
Alberta + + +

Saskaichewan + +

Manitoba + + + + + +
Ontario +

Quebec + + + +
Nova Scotia + +

New Drunswick + +

Prince Edward + +

Newfoundland + + + +

Urine scresning is used at 2—4 weeks for AAC in Quebec (95%) and Manitoba (85%).
Pilot studies are being conducted in Quebec to screen for neuroblastoma and in British Columbia to screen for

cystic fibrosis.

FKU = phenyfketonuria

Gal = galactosaemia

Bio! = biotinidase deficiency

e muscular dystrophy
* neuroblastoma

Depending on the province (Canada) or
state (the United States), virtually all neo-
nates are screened for between 2 and 10
genetic and non-genetic conditions. The
newhorn screening programme in Canada,
by province, is summarized in Table 1. The
combined number of infants screened in
the neonatal period, and the number of neo-
natal screening tests performed, far exceed
those for any other type of genetic test [9].

In Ontario, the largest Canadian prov-
ince (population approximately 11 mil-
lion), all neonates are screened for two
metabolic diseases, phenylketonuria (PKU)
and hypothyroidism. Over 4 million infants
have been screened for PKU since the im-
plementation of the programme in July,
1965. Only one false negative result has
been confirmed in this time [/0]. The inci-
dence of PKU and its variants in Ontario is

Thyr = iypothyroidism
MDys = muscular dystrophy
Tvr = tyrosinaemia

AAC = amino acid chromatogram
CAH = congenital adrenal hyperplasia

1/11 700 and is 1/21 300 for classic PKU.
In keeping with the Canadian Health Act

.mandate to provide affordable treatment to

all citizens, the Ministry of Health policy is
to pay for the special treatment and food
products required by patients identified
through the screening programme. Current-
ly, 459 patients in Ontario are under treat-
ment, 225 with PKU and 234 for other
metabolic diseases (unpublished data). The
annual cost of such a programme in Ontatio
is approximately 1 million Canadian
dollars, making it a very cost-effective pro-
gramme.

Maternal serum screening

Down syndrome (DS) is the most common
chromosome abnormality in humans. It
represents about one-third of all cases of
mental retardation. Trisuiny 18 and 13 are
rare, and usually not compatible with life.
Because the risk of having a child with tri-
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Dating ultrasound 8-16 weeks {where possible)

I
Blood drawn at 16 weeks

Screen negative

Screen positive

No further testing I

For
Down syndrome

Ultrasound to check fetal age
(if not done previously)

For
open spina bifida

Ultrasound to check fetal age and number
of fetuses and/or detailed ultrasound
for obvious anomalies and repeat
sample when indicated

|
l |

No obvious explanation Obvicus
for high a-fetoprotein explanation
Dates incorrect Dates correct I
Offer counselling
| Offer counselling “btf:)‘:‘fﬂﬂg'r‘s
Drawn before Drawn after about option of - - . .
15 weeks 15 weeks amniocentesis diagnostic testing
chlat at Recalctllate risk
16 weeks of Down syndrome

Figure 1 Malernal serum screening protocol in Ontario, Canada

somy increases with advanced maternal
age, pregnancies of mothers 2 35 years of
age are screened by amniocentesis or chori-
onic villus sampling. If all mothers 35 years
or older took part in prenatal diagnosis, the-
oretically only 33% of all DS could be de-
tected, as two-thirds of all DS oceurs in
younger mothers. By screening all pregnant
women by measuring o-fetoprotein (AFP),
unconjugated estriol, (uE3) and human
chorionic gonadotropin (hCG), about 70%
of all DS (Table 2) and 80% of neural tube
defects (NTD) and of trisomy 18 could be
detected [//]. This makes maternal serum
screening the most significant screening
test for preventing birth defects.

. Commencing on 1 July, 1993, the Min-
istry of Health in Ontario funded a prov-

ince-wide programme for screening all
pregnant women for AFP, uE3 and hCG be-
tween the 15th and 20th weeks of pregnan-
cy. These measurements, used in conjunc-
tion with maternal age, provided a risk
estimate of having a pregnancy with DS,

Table 2 Screening for Down syndrome

Modality Detection False-positive
rate (%) rate (%)

Age = 35 years 33 10.0

Age + AFP 40 12.5

Age + 2 markers 68 8.6

Age + 3 markers 72 8.0

AFP = a-fetoprotain
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Table 3 Cost—effectiveneas of maternal serum screening (MSS) in Ontario

Screening Cost No. of amniocenteses Detection rate
{millions Canadian dollars) {%)
Age alone z 35 years 15.00 15000 33.0
MSS for all 12.00 B 437 72.0
MSS for = 35 years 0.52 3000 26.0
MSS for < 35 vears +
amniocentesis for > 35 years  19.70 19725 79.5

Table 4 Down syndrome/amniocentesis ratlo

Screening Down
syndrome
cases/
amniocenieses
Age alone > 35 years 11150
Age + AFP 1/89
Age + 3 markers 1/37

AFFP = a-fotoprotain

NTD or trisomy 18 for every woman
screened. Figure 1 illustrates the protocol
used for maternal serum screening in On-
tario. This programme has not only proved
to be cost-effective (Table 3), but has also
decreased the number of amniocenteses
performed for every DS detected, and with
a higher detection rate (Table 4). Currently
the efficacy of first trimester screening by
measuring other biochemical markers such

as PAPPA-A and -B subunit of hCG, as well .

as the ultrasound measurement of nuchal
translucency is being studied.

Carrier screening

There are over 400 inborn errors of metab-
olism in humans with identifiable biochem-
ical or genetic abnormalities [12], the vast
majority of which are recessively inherited.

Carrier detection of most of these disorders
is achievable either by biochemical or im-
munological methods, or more recently by
direct DNA mutation analysis or indirect
linkage study using polymorphic DNA
markers flanking the disease locus in
informative families. Identifying carriers
among high-risk families not only allows
them informed reproductive choice, it
may also have therapeutic or preventive
health benefits. People with sickle-cell trait
should be aware of the possible hazards of
reduced ambient oxygen concentrations,
such as in high altitudes or mountain climb-
ing. Also, altering anaesthesia could avert
inadvertent hypoxia that might be particu-
larly hazardous to such people. Similarly,
heterozygosity for o -antitrypsin deficien-
cy may predispose an individual to chronic
pulmonary disease. Avoidance of tobacco
smoke and other noxious inhalants may re-
duce this risk. Population screening
for carriers is, however, better limited to
groups defined as high-risk for specific dis-
eases, such as screening for Tay-Sachs dis-
ease among Ashkenazi Jews.

Presymptomatic testing

Certain autosomal dominant diseases with
variable expressivity or late-age of onset,
such as Huntington disease, spinocerebellar
laratrophy, familial amyotrophic lateral
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sclerosis and Alzheimer disease, have a pro-
pensity for neurodegenerative manifesta-
tions. DNA testing now makes it possible to
identify people who are subtly affected or
asymptomatic, but who will ultimately de-
velop the disease. Testing these asymptom-
atic people might be problematic. There is
no real medical benefit, as there is no effec-
tive intervention to prevent, delay or alter
the onset of these disorders. However, it al-
lows for more informed reproductive, and
other life, decisions. For these reasons, pre-
test and post-test counsetling should be pro-
vided with ongoing support, whatever the
decision regarding testing or not, or its out-
come.

Susceptibility testing

Presymptomatic testing for Huntington dis-
ease or other neurodegenerative disorders
can alter the status of “at-risk” individuals
to either “not at-risk” or “affected”. We now
know that a growing number of other dis-
eases {e.g. breast and colon cancer, Li-
Fraumeni syndrome or thrombophilia, coro-
nary heart disease) have major genetic com-
ponents. Testing for these diseases ean iden-
tify individuals with high susceptibility for
developing these conditions. Susceptibility
testing could allow for intervention for the
at-risk individuals, such as prophylactic sur-
gical intervention (in cancer), or therapeutic
intervention {as in folic acid supplementa.
tion for familial thrombophilia).

Preimplantation diagnosis

Currently, prenatal diagnosis for high-risk
families is carried out in the post-implanta-
tion period. Nuring the past 10 years, the
development of three technologies, i vitro
fertilization, micromanipulation of gametes
and embryos, and ultra microbiochemical
techniques for gene mutation analysis, now
enables the diagnosis of genetic diseases in
the preimplantation period [/3,74].
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The possibility of in vitro diagnosis of
genetic diseases is intriguing. It would
eliminate the conflict over termination of
pregnancy for some individuals on moral,
religious and personal grounds, because ge-
netic testing could be carried out prior to
implantation. However, much work is
needed to ensure that genetic analysis is
unequivocally accurate, and that the risk of
all procedures involved is low.

Can preventive genetic
measures be applied to Arab
populations?

A majority of the Arabic countries have the
expertise and resources to apply most of these
preventive measures, especially in the areas
of newborn screening and carrier screening
for prevalent genetic disorders. However,
having the technology and resources alone
are not enough to start effective programmes.
There are certain principles and prerequisites
needed for any successful genetic screening
programme [8].

Principles of genetic screening
Screening should be voluntary. Unless
mandated by law, screening for genetic dis-
eases should be voluntary and with the pa-
tient’s informed consent. The patient might
not wish to facc the dilemma of choosing
from the several options that may result
from the screening process [7,8]. Newborn
sereening for metabolic diseases is, howev-
er, legally required in most provinces and
states.

Screening should not be expected to de-
tect all patients. It is unrealistic to expect
any screening programme to identify all af-
fected individuals. Maternal serum screen-
ing, for example, identifies approximately
70% of DS, 80% of NTD and 80% of tri-
somy 18. Availability of technology does
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not of itself justify screening. Identifying
all chromosomal abnormalities and almost
all inborn errors of amino acid metabolism
can be done in the neonatal period. Howev-
er, screening is recommended only for
those disorders that fulfill the essential pre-
requisites for screening programmes [7,8].

Prerequisites for genetic screening
Ability to alter the outcome

Population screening is usually performed
only if the abnormal finding can change the
clinical management, and consequently re-
sult in a favorable outcome. Neonates are
screcned for those mctabolic discases that
can be treated, such as PKU and hypothy-
roidism, but not for those disorders that are
untreatable, such as mucopolysaccharidosis
or Tay-Sachs disease. Early detection
of sickle-cell anaemia has recently been
shown to reduce the morbidity and mortali-
ty of this disorder [/4]. Newborn screening
for this disorder among Arab populations
where the disease is highly prevalent should
warrant serious evaluation and consider-
ation.

Cost—effectiveness

Not every treatable condition is, or should
be, sureened. For unly a few diserders does
the cost of screening justify the financial
and emotional savings of detecting the af-
fected individuals. Although newborn
screening is generally applied for several
diseases, only screening for PKU, hypothy-
roidism, and probably sickle-cell anaemia,
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universally satisfies the criteria for cost-ef-
fectiveness in neonatal screening.

Reliable methods of assessment

The assay to be used for screening should
have a high predictive value. Because genetic
disorders are individually rare, even low
false-negative rates could result in a given ab-
normal value being more likely to be a false-
positive than a true-positive value.

Ability ta handle the problem
It should be anticipated that unexpected
problems will arise in any screening pro-
gramme. Mechanisms should be in place to
handle and deal with these inevitable prob-
lems. In most of the neonatal screening pro-
grammes in North America, advisory com-
mittees have been established to monitor the
programmes and deal with such problems.
In addition, no genetic screening pro-
gramme will be successful if not accompa-
nied by extensive educational activities
aimed at both the general public and health
care providers. Without proper education,
information and even counselling, the gen-
cral public and heaith care providers may not
effectively participate in these programmes.
It is very important for health profes-
sionals working among Arab populations,
who have been able to identify the impact
of genetic diseases on them, to start to im-
plement some of these preventative mea-
sures. The resources and expertise are

available and the population deserves such
services.
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