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Genetic testing for single gene disorders
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Abstract

Genetic testing for single gene disorders is becoming
available in Sri Lanka. While it offers many benefits, there
are concerns about psychological and social problems that
can be a consequence of such tests. This article aims to
review the potential benefits and disadvantages of genetic
testing, and recommends mechanisms that would help
minimise problems associated with the inappropriate use
of genetic tests.

Introduction

The main clinical outcome of human genetic
research has been the ability to offer genetic testing for
single gene (Mendelian) disorders. This article is intended
to make clinicians aware of important ethical and technical
issues involved in genetic testing, and to explain the need
for a consensus on such issues.

Genetic testing can be used in the four following
situations.

1. To confirm or refute a clinical diagnosis

The commonly available tests are for mutations that
are easily detected. These include conditions with a
single type of mutation (e.g. trinucleotide repeat
disorders like Huntington disease [HD]) or where a
few common mutations account for a large proportion
of affected cases (e.g. cystic fibrosis) [1, 2].

2. To identify carriers

Carriers are mostly unaffected by the disease but are
at a risk of having affected children. When both
parents are carriers of an autosomal recessive disease,
there is a 25% risk of having an affected child. In X-
linked recessive disease, the son of a female carrier
has a 50% risk of being affected. Carriers can be
identified within affected families when the request
for carrier testing is usually initiated by the at risk
person. Population screening (e.g. for thalassaemia
carriers) is offered by doctors to individuals with little
or no experience of the disease.

3. For presymptomatic (predictive) diagnosis

This is available for late onset conditions including
untreatable neurodegenerative diseases (e.g. HD,
which has an onset usually after reproductive
decisions are made) [3] or the familial cancer
syndromes (e.g. BRCA1 gene mutation linked with
breast and ovarian cancer).

4. For prenatal diagnosis (PND)

Prenatal diagnosis can only be offered if the causative
gene mutation is known. PND is performed using
chorionic villus sampling (around 10 to 12 weeks) or
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amniocentesis (16 to 18 weeks). If prevention or
treatment is not available, one option is termination
of an affected pregnancy. Termination of pregnancy
for foetal anomalies is illegal in Sri Lanka.

The diagnosis of a genetic disease has implications
for the individual concerned as well as other family
members. For example, a cerebellar infarction is devastating
for the affected person but diagnosing an autosomal
dominant spino-cerebellar ataxia is worse, as siblings and
children are also at a risk of developing it later [2].

In some single gene diseases, routine testing will
not detect all the causative mutations. For example, in
Duchenne muscular dystrophy (DMD), specific,
intragenic deletions in the dystrophin gene occur in about
60% of cases [1, 2]. A negative result after screening for
deletions may indicate that a different type of mutation is
present or that the child does not have DMD. The
identification of DMD carriers can be difficult, even when
a causative mutation is found in an affected male in the
family [1, 2].

In the triplet repeat disorders, care has to be taken to
differentiate between unaffected individuals with a
premutation (as in fragile X syndrome) from those with
the full mutation [1, 2]. In some cases, the expansion falls
in a grey area, and interpretation of the test requires
caution [1, 2]. When mutation detection is restricted to
screening for common ones, the residual risk has to be
explained to the tested individual. A negative test result
will reduce the risk but not altogether eliminate it [1, 2].

Genetic testing in a family with cancer syndromes
can identify people at high risk of cancer to offer screening
or preventive therapy. Mutation detection rates are low
with about 60% of breast cancer families having an
identified mutation [1]. The presence of a mutation in
one of the breast or colon cancer predisposing genes
signifies an increased risk but not inevitability of a cancer,
or its tissue of origin (e.g. BRCA1 mutations are
associated with a risk of carcinoma in different epithelial
tissues) [4]. Family members tested negative may still
develop a sporadic cancer.

Psychological problems following
genetic testing

There is evidence of adverse psychological effects
of genetic tests, especially if the individual is not
adequately informed of its repercussions [5—7]. Generating
an unpleasant result without the individual or family’s
informed consent can cause distress. As the main
implications of the information generated are for the
individual and his family, the right “not to know’” has to be
respected, especially when diagnosing untreatable disorders.
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Predictive testing for late onset diseases enables
clarification of risk before making career or reproductive
choices. There is concern about the psychological
consequences of a healthy person being informed of a
positive predictive test result. In predictive testing for HD,
psychological problems have been observed even in
people found not to have the mutation [8]. In families
undergoing mutation testing for colorectal cancer
predisposition, the absence of a detectable mutation has
resulted in reduced compliance with screening, indicating
a false belief that the test was negative [9]. Experience with
other tests show that individuals found not to be carriers
can also have adverse effects including a sense of
invulnerability or false optimism about their health [10].

Risk of stigmatisation

This may happen at the level of the family, community
or institutions [11]. One thalassaemia carrier testing
program [12] caused stigmatisation of carriers, who were
unable to marry anyone else except other carriers! In
countries where life and health insurance are widely availed,
there are problems in obtaining insurance for people with
a family history of genetic disease. In this country,
utilisation of insurance is less widespread, and many who
are able to afford genetic testing are also likely to be able
to have life or health insurance. Insurance companies or
potential employers should not be allowed to encourage
or demand genetic testing as a condition for obtaining
insurance or employment, in keeping with acceptable
practices in the developed world [13, 14]. Discrimination
can also occur within a health care system. The birth of a
child with a genetic disease has repercussions for society,
but the people who are most affected by the financial,
social and psychological burden are the parents. Parents,
who take a calculated risk, do so because of a compelling
wish to have a child. China has laws preventing people
with a genetic disease or at risk of having affected children
from reproducing [15], but such coercive laws may be
less acceptable elsewhere in Asia.

Testing children

Testing children for adult onset genetic disorders has
been widely discussed, and the consensus is that it should
not be allowed until the individual is able to give informed
consent [16-18]. Carrier testing may generate results
which are misunderstood or forgotten at the time the
person is embarking on parenthood. It is better deferred
until adulthood [19].

Issue of confidentiality of
genetic information
Family histories, results of genetic tests and stored

genetic material need to be protected to ensure
confidentiality [11]. In some countries genetic data is
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usually only divulged to other parties (including other
family members, doctors, employers, insurers or the
police) with consent. Acceptable ethical practice in the
west suggests that informed consent should be obtained
before submitting stored genetic materials for
investigations other than the ones for which it was
obtained [20, 21]. It may be desirable to destroy samples
following the test or after an agreed time.

Genetic counselling

Genetic counselling involves giving information to
people that enables them to make an informed choice
from the options available [22]. It is intended to be non-
directive, especially with regard to reproductive decisions.
Given the evidence from other countries about incorrect
understanding and adverse psycho-social consequences
in the absence of adequate information, it seems justified
to offer counselling before genetic testing. Data regarding
the level of understanding and the acceptability of non-
directive couselling should be collected to plan future
genetic services.

Before diagnostic genetic testing, counselling would
involve a discussion about the disease, its mode of
inheritance and the significance of a negative or positive
test result [22]. The guidelines to confirm a clinical
diagnosis of HD stipulate a signed consent before
laboratory testing [23]. Less stringent guidelines apply
to other diseases, but similar discussions are usually
offered to the affected person or family. In presymptomatic
testing for HD, there are widely accepted guidelines about
counselling before and after the test, given the potential
significance of a positive result [23, 24]. Similar guidelines
are available for presymptomatic testing for cancer
syndromes [25].

Problems with carrier testing include confusion
about the significance of being a carrier [5, 26],
stigmatisation [6, 12] and psychological problems [5-7].
Most carrier testing programs include some form of
information to enable informed decision making [27]. If
no treatment is available to prevent or ameliorate a
disease, one option for carriers is to undergo prenatal
diagnosis and termination of affected pregnancies. As this
is not an option currently available in Sri Lanka, should
carrier testing be offered? Counselling will help
individuals to decide on the issue: some may wish to find
out their carrier status and make reproductive choices;
others may wish to exercise their right not to know.

Conclusions

Genetic testing is available in Sri Lanka but evidence
from other countries suggests that genetic tests can have
adverse consequences. Informed decision making by
people will circumvent some of these problems and there
should be consensus on and adherence to guidelines
regarding genetic testing. Genetic testing of children for
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adult onset disorders and carrier testing for X-linked or
recessive diseases should be discouraged. The psycho-
social outcomes of genetic testing and the demand for
termination of pregnancies affected with severe genetic
diseases should be investigated. If termination is widely
requested, lobbying for a change in the abortion law may

be justified.
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