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1.

Plain language summary

There are many hundreds of inherited genetic conditions that can affect human health, and most are very
rare. However, when all these inherited conditions are considered together, they affect up to 1 in 400
people. The majority of children born with such conditions are born into families with no other affected
family members. This occurs because a healthy couple can pass on genetic changes to their child without
knowing that they are carriers of that condition. The two major types of inheritance that can lead to a
healthy couple having children with serious genetic conditions are called autosomal recessive and X-linked
recessive.
In autosomal recessive inheritance, a person inherits a faulty gene from each parent. Genes are the
inheritance particles. We have about 23,000 pairs of genes, one in each pair inherited from each parent.
For an autosomal recessive condition, if a person has one faulty gene and one healthy gene, they will not
have the condition. They are a so-called “carrier” of the condition. We are all carriers of on average two
severe autosomal recessive conditions. It is only if both members of a couple are carriers of the same faulty
gene that there is a 1 in 4 chance of having a child affected by that condition. The most common types of
autosomal recessive conditions in our community are thalassaemia and cystic fibrosis.
X-linked inheritance is closely related to the sex of the individual, with males generally being more severely
affected than females. Genes lie on chromosomes, which can be thought of as long strings with the genes
as beads on the string. Males have an X and a Y chromosome whilst females have two X chromosomes.
When there is a faulty gene on the X chromosome, females are generally unaffected or more mildly affected
than males since they have a second unaffected copy of the gene. Males only have one X chromosome and
so if there is a faulty gene on their X chromosome they are more severely affected by the condition since they
do not have a second X chromosome to compensate. If a woman is a carrier for an X-linked condition, there
is a 1 in 4 chance of having an affected son with each pregnancy. The most common X-linked recessive
condition is fragile X syndrome.
Testing for inherited conditions
Babies are already tested for a large number of genetic conditions via the newborn screening ‘heel prick’
test. However, it is also possible to test healthy adults to see if they have an increased chance of having a
child with an autosomal or X-linked genetic condition before conception or birth. This is called reproductive
carrier screening. If both members of a couple are known carriers of the same autosomal recessive
condition or a woman is a carrier of an X-linked condition, there are a number of options available. These
options include:
1. Having a child naturally and testing after birth to see if the child is affected.
2. Conceiving naturally and having diagnostic testing during pregnancy to determine if the fetus is
affected. This is usually performed with an invasive test (amniocentesis or chorionic villus sampling).
3. Conceiving the pregnancy by in vitro fertilisation (IVF) and testing embryos by preimplantation
genetic diagnosis (PGD). Unaffected embryos would then be selected for achieving pregnancy.
4. Using donor sperm, egg or embryo from unaffected individuals.
5. Adoption.
6. Not having children.
Carrier screening can be performed at any time, but it is preferable to screen before a couple conceives so
that they have time to understand and consider their reproductive options, such as preimplantation genetic
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diagnosis. The most common conditions for which carrier screening is available are thalassaemia, cystic
fibrosis, spinal muscular atrophy and fragile X syndrome.
There are some ethnic-specific patterns of genetic inheritance, which may lead to a specific offer of
additional testing. For example, couples of Eastern European (Ashkenazi) Jewish decent, may wish to have
carrier testing for Tay Sachs disease, Niemann Pick disease type A, Fanconi anaemia group C, familial
dysautonomia, Bloom syndrome, Canavan disease and mucolipidosis type IV in addition to screening for
thalassaemia, cystic fibrosis, spinal muscular atrophy and fragile X syndrome.
Reproductive carrier screening generally incurs out of pocket expenses where there is no family history of the
condition. Where there is a family history of a genetic condition, referral to a clinical geneticist or genetic
counsellor may be indicated and testing for carrier status for the condition may be funded by the
government.
Further information regarding genetic carrier screening can be found at:
https://www.ranzcog.edu.au/Womens-Health/Patient-Information-Guides/Patient-Information-Pamphlets

2.

Summary of recommendations

Recommendation 1

Grade

All couples intending to have children, or who are pregnant, should have a
family history taken with a view to identifying relatives with heritable genetic
disorders, as well as the presence of consanguinity. Those identified with a
family history of a specific inherited disorder should be offered referral to a
genetic counselling service for information about carrier screening and prenatal
diagnosis/ pre-implantation genetic diagnosis for the condition.

Consensus-based
recommendation

Recommendation 2

Grade

All pregnant women should be offered basic screening for thalassaemia carrier
status by a full blood examination at initial presentation. Screening with specific
assays for haemoglobinopathies (such as HPLC or EPG and
haemoglobinopathy DNA testing) should be considered in high probability
ethnic or population groups.

Consensus-based
recommendation

Recommendation 3

Grade

Information on carrier screening for other genetic conditions should be offered
to all women planning a pregnancy or in the first trimester of pregnancy.
Options for carrier screening include screening with a panel for a limited
selection of the most frequent conditions (e.g. cystic fibrosis, spinal muscular
atrophy and fragile X syndrome) or screening with an expanded panel that
contains many disorders (up to hundreds).

Consensus-based
recommendation

Recommendation 4

Grade

For individuals of Eastern European (Ashkenazi) Jewish descent, additional
screening for Tay Sachs disease, Niemann Pick disease type A, Fanconi
anaemia group C, familial dysautonomia, Bloom syndrome, Canavan disease
and mucolipidosis type IV should be offered.

Consensus-based
recommendation

Good Practice Point
Screening can be sequential or couple screening. In sequential screening, one
member of the couple is screened (usually the woman since the woman’s carrier

Grade
Consensus-based
recommendation
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status for X-linked conditions is relevant) and the second member of the couple
is only screened if the first member is a carrier of one or more autosomal
recessive conditions. In couple screening both members of the couple are
screened at the same time.

Recommendation 5

Grade

Women wanting more information about carrier screening should be given the
opportunity to have a more detailed discussion about carrier screening with an
informed clinician. Informed consent for screening should be obtained and this
should include any out of pocket expenses that are required for this testing.

Consensus-based
recommendation

Recommendation 6

Grade

Laboratories should only report carrier status for class 4 and 5 mutations.
Variants of unknown significance should not be reported.

Consensus-based
recommendation

Recommendation 7

Grade

All couples with a high chance of having a child with one of the conditions
screened for should be referred for genetic counselling to be informed of
available reproductive options and to assist with prenatal testing if the woman in
the couple found to have a high chance is pregnant when the result becomes
known.

Consensus-based
recommendation

Good Practice Point

Grade

It may be appropriate to refer couples with a high probability of having a child
with a genetic condition to see a clinician with the relevant clinical expertise.
The couple should also be offered the opportunity to access community
resources and/or a patient support group if available.

Consensus-based
recommendation

3.

Introduction

Population carrier screening is defined as the detection of carrier status of autosomal and X-linked recessive
diseases in couples or people who do not have an a priori increased chance of being a carrier based on
their or their partners’ personal or family history1. It does not refer to testing an individual with a strong
family history of a known or possible genetic condition – these people should be offered direct referral to a
specialist clinical genetics service.
Carrier screening for genetic conditions has been available since the 1970s with screening for Tay Sachs
disease by testing of hexosamindase A levels in blood and for haemoglobinopathies by full blood
examination and haemoglobin electrophoresis2. Since the late 1980s, screening by directly testing for
genetic mutations has been possible.
Carrier screening for selected genetic conditions of highest population frequency
Testing has been widely offered for conditions common in particular ethnic groups such as cystic fibrosis in
Caucasians, Tay Sachs disease and a number of other conditions in Ashkenazi Jewish individuals, and
haemoglobinopathies in those of Mediterranean, African and Asian ethnicity. The carrier and affected
frequencies for cystic fibrosis, spinal muscular atrophy and fragile X syndrome are shown in table 1. The
results from an Australian study found that approximately 1 in 20 individuals accessing self-funded carrier
screening were carriers of cystic fibrosis, spinal muscular atrophy and/or fragile X syndrome3.
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Table 1- frequency of carrier and affected individuals for cystic fibrosis, spinal muscular atrophy and fragile
X syndrome from 12,000 screened individuals in Australia3
Condition

Carrier

Affected

Main clinical features
of the condition

Cystic fibrosis

1 in 35

1 in 4925*

Recurrent lung
infections,
malabsorption,
shortened life span

Spinal muscular atrophy

1 in 50

1 in 9917*

Severe muscle
weakness, death
usually during
childhood

Fragile X syndrome

1 in 332

1 in 7143 males^

Intellectual disability,
autism

* = inferred from the carrier frequency
^ = based on a meta-analysis of data4
Prenatal diagnosis has been available for inherited genetic conditions since 1977. The current rate of
prenatal diagnosis for an increased chance of single gene condition is approximately 1 in 500 births5. The
three most common inherited genetic conditions for which prenatal diagnosis is currently performed are
thalassaemia, cystic fibrosis, and fragile X syndrome.
Expanded carrier screening
The development of next generation sequencing means it is now possible to ascertain the nucleotide
sequence of all 23,000 genes for a fraction of the cost than was the case prior to this technology becoming
available. This has resulted in the ability to offer carrier screening for over 1000 autosomal recessive and Xlinked conditions. From a study of over 30,000 people screened by next generation sequencing of over 100
genes, 1 in 3.4 people were a carrier of at least one condition.6 Screening can involve sequencing of the
nucleotide sequence of multiple entire genes or testing for specific mutations in multiple genes. The former
has the advantage of identifying the maximum number of carriers but has the disadvantage of identifying
variants of uncertain significance (VUS). A VUS is an alteration in a gene that cannot be categorised with
certainty as a mutation or a benign polymorphism.
Reproductive carrier screening for cystic fibrosis has been shown to be cost effective in Australia.7 Screening
by next generation sequencing is more cost effective than screening for selected mutations in genes.6 The
absolute cost effectiveness of expanded reproductive carrier screening has not been studied, however. As the
cost of testing is reduced and expensive treatments for genetic disorders become available, it is anticipated
that screening for multiple conditions will become more cost effective in the future.
Reproductive options after carrier screening
Where both members of a couple are found to be carriers of an autosomal recessive condition or a woman
is found to be a carrier of an X-linked condition, and thus have a 1 in 4 chance of each pregnancy being
affected by the condition, a number of reproductive options are available including:
1. Having a child naturally and testing after birth to see if the child is affected.
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2. Conceiving naturally and having diagnostic testing during pregnancy to determine if the fetus is
affected. This is usually performed with an invasive test (amniocentesis or chorionic villus sampling).
3. Conceiving the pregnancy by in vitro fertilisation (IVF) and testing embryos by preimplantation
genetic diagnosis (PGD). Unaffected embryos would then be selected for achieving pregnancy.
4. Using donor sperm, egg or embryo from unaffected individuals.
5. Adoption.
6. Not having children.

4.

Discussion and recommendations

4.1 Family history

Recommendation 1

Grade

All couples intending to have children, or who are pregnant, should have a
family history taken with a view to identifying relatives with heritable genetic
disorders, as well as the presence of consanguinity. Those identified with a
family history of a specific inherited disorder should be offered referral to a
genetic counselling service for information about carrier screening and prenatal
diagnosis/ pre-implantation genetic diagnosis for the condition.

Consensus-based
recommendation

All women/couples should be questioned about genetic conditions that are present in their family as well as
the presence of consanguinity. This information may inform specific carrier screening and/or chromosomal
testing for the couple. Referral to a clinical genetic health professional should be considered where a family
history of a genetic condition is identified.
4.2 Who should be offered screening?

Recommendation 2

Grade

All pregnant women should be offered basic screening for thalassaemia carrier
status by a full blood examination at initial presentation. Screening with specific
assays for haemoglobinopathies (such as HPLC or EPG and
haemoglobinopathy DNA testing) should be considered in high probability
ethnic or population groups.

Consensus-based
recommendation

All women and couples planning pregnancy should be offered screening for genetic conditions irrespective
of the presence or absence of a family history of a genetic condition or the ethnicity of the individuals.
Screening should ideally be prior to a pregnancy so reproductive options are available to the couple but if
the woman/couple present for the first time in early pregnancy, testing should still be offered at that time.
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4.3 What conditions should be offered?

Recommendation 3

Grade

Information on carrier screening for other genetic conditions should be offered
to all women planning a pregnancy or in the first trimester of pregnancy.
Options for carrier screening include screening with a panel for a limited
selection of the most frequent conditions (e.g. cystic fibrosis, spinal muscular
atrophy and fragile X syndrome) or screening with an expanded panel that
contains many disorders (up to hundreds).

Consensus-based
Recommendation

Recommendation 4

Grade

For individuals of Eastern European (Ashkenazi) Jewish descent, additional
screening for Tay Sachs disease, Niemann Pick disease type A, Fanconi
anaemia group C, familial dysautonomia, Bloom syndrome, Canavan disease
and mucolipidosis type IV should be offered.

Consensus-based
Recommendation

The conditions for which genetic screening is offered should be a cause of major diminution of quality of life
and/or reduction in lifespan.
Information on carrier screening for the most common inherited genetic conditions in our population, that is
thalassaemia, cystic fibrosis, spinal muscular atrophy, and fragile X syndrome, should be offered to all
women planning pregnancy or in early pregnancy. Screening the general population for a limited range of
high frequent single gene disorders is called panethnic screening.
For individuals of Eastern European (Ashkenazi) Jewish descent, additional ethnic-specific screening for Tay
Sachs disease, Niemann Pick disease type A, Fanconi anaemia group C, familial dysautonomia, Bloom
syndrome, Canavan disease and mucolipidosis type IV should be offered.
With the introduction of new genomic sequencing techniques, carrier screening for multiple autosomal and
X-linked recessive conditions – “expanded carrier screening” - is now available for couples who have no
family history of a genetic disorder.8 Clinicians should be aware that expanded carrier panels may vary
substantially in their content, mutation coverage, and reporting strategies, depending on the provider9. This
is a rapidly evolving field and the Federal Government has invested in a large trial of expanded carrier
screening which is expected to inform future service delivery and funding10. Currently, “expanded carrier
screening” should only be offered in the context of well-defined clinical pathways for pre- and post-test
genetic counselling, as up to 24% of adults will be found to be a carrier of at least one recessive disorder8, 11
Panethnic and expanded carrier screening are both acceptable approaches for prepregnancy and prenatal
carrier screening. Health services and clinicians should develop a consistent approach to carrier screening
according to their local context, and ensure that appropriate clinical services for pre- and post-test genetic
counselling are available.
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4.4 How should screening be performed?

Good Practice Point

Grade

Screening can be sequential or couple screening. In sequential screening, one
member of the couple is screened (usually the woman since the woman’s carrier
status for X-linked conditions is relevant) and the second member of the couple
is only screened if the first member is a carrier of one or more autosomal
recessive conditions. In couple screening both members of the couple are
screened at the same time.

Consensus-based
recommendation

Screening is usually provided as either (i) sequential screening, or (ii) couple screening.
(i) Sequential screening (also called two step screening) refers to where one member of the couple is offered
testing first (usually the woman). If she/he is a carrier of an autosomal recessive condition, the other member
of the couple is then offered screening. It is generally the female member of the couple who is offered
screening in the first instance since for X-linked conditions such as fragile X syndrome, it is the female
member’s carrier status that is important. The advantage of sequential screening is that it reduces overall
costs of testing for most couples (as most couples only require one member to be tested). It also allows for
cascade testing of relatives of carriers. Cascade testing refers to testing of relatives of a person who is
affected by or is a carrier of a genetic condition and who therefore has a higher probability of being a
carrier than an unrelated individual.
(ii) Couple screening (also called one step screening) refers to testing both members of a couple
simultaneously with the provision of a combined “low probability” or “high probability” result. A high
probability result is provided if both members of the couple are carriers of the same autosomal recessive
condition or the woman is a carrier of an X-linked condition. All other couples are provided with a low
probability result. Those provided with a low probability result may or may not be informed of the individual
results of carrier testing. The advantages of couple screening over sequential screening are (i) that the result
for the couple is available in the same time period as for the first member of the couple for sequential
screening; (ii) far fewer individuals/couples require genetic counselling since the number of carrier couples is
far lower than the number of carriers identified by sequential screening (iii) anxiety from waiting for the
partner result once the first person is found to be a carrier of one or more conditions is minimised since most
will be identified as low probability as a couple. The disadvantages are that (i) test costs are higher, and (ii)
the opportunity for cascade testing is largely lost if the individuals are not made aware of the conditions that
they carry, and (iii) the results also become invalid if the individuals change reproductive partners for future
pregnancies.
4.5 Informed consent

Recommendation 5

Grade

Women wanting more information about carrier screening should be given the
opportunity to have a more detailed discussion about carrier screening with an
informed clinician. Informed consent for screening should be obtained and this
should include any out of pocket expenses that are required for this testing.

Consensus-based
Recommendation
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All individuals/couples having screening should provide written informed consent that should include:
(i) Acknowledgement that screening will not identify carrier status for all mutations in the tested genes and
therefore that there is a residual chance of the couple having a child with one of the conditions screened for.
(ii) Acknowledgement that there is a small chance of identifying the individual tested as affected by one of
the conditions screened for. An example is the identification of homozygous/compound heterozygous
mutations in the CFTR gene in an individual with no symptoms, congenital bilateral absence of the vas
deferens and/or pulmonary symptoms.
(iii) If couple screening is offered, the members of the couple need to be informed that if they have children
with a different partner that they require rescreening to define the reproductive risk for that new couple.
4.6 What genetic findings should laboratories report?

Recommendation 6

Grade

Laboratories should only report carrier status for class 4 and 5 mutations.
Variants of unknown significance should not be reported.

Consensus-based
recommendation

Laboratories should only report carrier status for class 4 (likely pathogenic) and 5 (pathogenic) mutations.
Variants of unknown/uncertain significant (VUS) should not be reported.
4.7 Carrier couples of autosomal recessive conditions / female carriers of X-linked conditions

Recommendation 7

Grade

All couples found to have a high probability of having a child with one of the
conditions screened for should be referred for genetic counselling to be
informed of available reproductive options and to assist with prenatal testing if
the woman in the couple found to have a high chance is pregnant when the
result becomes known.

Consensus-based
recommendation

Good Practice Point

Grade

It may be appropriate to refer couples with a high chance of having a child with
a genetic condition to see a clinician with the relevant clinical expertise. The
couple should also be offered the opportunity to access community resources
and/or a patient support group if available.

Consensus Based
Recommendation

All couples found to have a higher chance of having a child with one of the conditions screened for should
be referred for genetic counselling to be informed of available reproductive options.
4.7.1 The preconception period is the preferred timing for carrier screening as advances in
preimplantation genetic diagnosis (PGD) now provide couples with a means to avoid having a
pregnancy affected by a heritable disorder altogether. For many couples, undergoing in vitro
fertilisation (IVF), PGD and selective transfer of an unaffected embryo is ethically more acceptable
than conceiving by chance, undergoing prenatal diagnosis, and considering termination of an
affected pregnancy.12, 13 Other options for couples wishing to avoid conception of an affected
pregnancy include gamete or embryo donation, adoption or forgoing pregnancy.
Genetic carrier screening
C-Obs 63
10

4.7.2 If a couple are found to have an increased chance during pregnancy, genetic counselling
and prenatal diagnosis should be offered. Diagnostic testing (usually involving amniocentesis or
chorionic villus sampling) may allow couples to prepare for the birth of a child with a genetic
condition, to consider the option of terminating an affected pregnancy, or, in some rare cases, to
allow in utero treatment.
4.7.3. Regardless of the timing of diagnosis, it may be appropriate to refer the couple to see a
physician with expertise in the condition that the couple are found to have an increased probability
of. An example is referral of a couple found have a high chance of having a child with cystic fibrosis
to a respiratory paediatrician. The couple should also be offered the opportunity to access
community resources and/or a patient support group if available.
4.8 Costs of screening and equity of access
Currently genetic carrier screening for low probability couples is only available on a user pays basis, apart
from haemoglobinopathy screening, which is commonly performed via a full blood examination. Individuals
and couples should be informed that there is an out of pocket expense for this screening. It is acknowledged
that there is inequity of access to reproductive carrier screening as the current average cost of $400
represents a substantial financial barrier for many couples. The responsible and ethical implementation of
genomic advances in medicine requires equal access for all couples regardless of socioeconomic factors.
Development of funding models that provide for equitable access to screening should be an urgent health
policy priority.
4.9 Laboratory accreditation and standards
All laboratories currently undertaking carrier screening should be accredited by the National Association of
Testing Authorities (NATA) in Australia, and International Accreditation New Zealand (IANZ) in New
Zealand.
Laboratories that undertake carrier testing should undertake audit and monitoring of their carrier screening
programs and participate in external quality assurance activities.
All pathology laboratories in Australia receiving funding via Medicare must be accredited by the National
Association of Testing Authorities (NATA)/RCPA Laboratory Accreditation Program. The Standards are set by
the National Pathology Accreditation Advisory Council (NPAAC). The Standards are based on the
international standard ISO 15189 Standard for Medical Laboratories. In New Zealand laboratories are
accredited via IANZ using the same ISO 15189 as their basis(https://www.rcpa.edu.au/Patients/LabAccreditation).
4.10 Implications for maternity and genetics workforce
Reproductive carrier screening on a population basis is a new area of practice for many maternity clinicians.
Educational resources and training for health professionals should be developed prior to the introduction of
screening into routine clinical care.
Health professionals caring for reproductive age women should have up-to-date knowledge of the options
available for carrier screening, awareness of appropriate patient resources, and established clinical
pathways for referrals to specialist genetic services.
4.11 Community engagement
RANZCOG recognises that increasing uptake of carrier screening may have broader implications for
community perceptions of disability and genetic probability. It is important that expanding opportunities for
carrier screening, prenatal diagnostic testing, and reproductive choice do not lead to negative
consequences for individuals living with genetic conditions, such as a reduction in health services, or
stigmatisation. To this end, carrier screening programs should be developed in consultation with consumer
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representatives, health advocacy groups and other stakeholders to ensure that community values and
distributive justice are maintained within our health system.
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Appendix B Overview of the development and review process for this statement

i.

Steps in developing and updating this statement

This statement was originally developed in March 2018. The Genomics Advisory Working Group &
Women’s Health Committee carried out the following steps in reviewing this statement:


Declarations of interest were sought from all members prior to reviewing this statement.



Structured clinical questions were developed and agreed upon.



An updated literature search to answer the clinical questions was undertaken.



At the March 2018 face-to-face committee meeting, the existing consensus-based
recommendations were reviewed and updated (where appropriate) based on the available
body of evidence and clinical expertise. Recommendations were graded as set out below in
Appendix B part iii)
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ii. Declaration of interest process and management
Declaring interests is essential in order to prevent any potential conflict between the private interests of
members, and their duties as part of the Women’s Health Committee.
A declaration of interest form specific to guidelines and statements was developed by RANZCOG and
approved by the RANZCOG Board in September 2012. The Women’s Health Committee members
were required to declare their relevant interests in writing on this form prior to participating in the review
of this statement.
Members were required to update their information as soon as they become aware of any changes to
their interests and there was a standing agenda item at each meeting where declarations of interest
were called for and recorded as part of the meeting minutes.
There were no significant real or perceived conflicts of interest that required management during the
process of updating this statement.

iii. Grading of recommendations
Each recommendation in this College statement is given an overall grade as per the table below, based
on the National Health and Medical Research Council (NHMRC) Levels of Evidence and Grades of
Recommendations for Developers of Guidelines.14 Where no robust evidence was available but there
was sufficient consensus within the Women’s Health Committee, consensus-based recommendations
were developed or existing ones updated and are identifiable as such. Consensus-based
recommendations were agreed to by the entire committee. Good Practice Notes are highlighted
throughout and provide practical guidance to facilitate implementation. These were also developed
through consensus of the entire committee.

Recommendation category

Description

Evidence-based

A

Body of evidence can be trusted to guide practice

B

Body of evidence can be trusted to guide practice in most
situations

C

Body of evidence provides some support for
recommendation(s) but care should be taken in its
application

D

The body of evidence is weak and the recommendation
must be applied with caution

Consensus-based

Recommendation based on clinical opinion and expertise
as insufficient evidence available

Good Practice Note

Practical advice and information based on clinical opinion
and expertise
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Appendix C Full Disclaimer
This information is intended to provide general advice to practitioners, and should not be relied on as a
substitute for proper assessment with respect to the particular circumstances of each case and the needs of
any patient.
This information has been prepared having regard to general circumstances. It is the responsibility of each
practitioner to have regard to the particular circumstances of each case. Clinical management should be
responsive to the needs of the individual patient and the particular circumstances of each case.
This information has been prepared having regard to the information available at the time of its preparation,
and each practitioner should have regard to relevant information, research or material which may have
been published or become available subsequently.
Whilst the College endeavours to ensure that information is accurate and current at the time of preparation,
it takes no responsibility for matters arising from changed circumstances or information or material that may
have become subsequently available.

Genetic carrier screening
C-Obs 63
17

