
ORIGINAL RESEARCH

User Acceptability of Whole Exome Reproductive Carrier Testing
for Consanguineous Couples in Australia

Sarah Josephi-Taylor1,2 & Kristine Barlow-Stewart3 & Arthavan Selvanathan4
& Tony Roscioli1 & Alan Bittles5 &

Bettina Meiser6 & Lisa Worgan4
& Sulekha Rajagopalan4

& Alison Colley4 & Edwin P. Kirk1,2,7

Received: 21 May 2018 /Accepted: 27 August 2018
# National Society of Genetic Counselors, Inc. 2018

Abstract
The study aimed to explore with consanguineous couples in Australia the acceptability and perceived utility of whole exome
reproductive carrier screening for autosomal recessive and X-linked recessive conditions. Semi-structured interviews with 21
consanguineous couples were conducted prior to the offer of screening. Interviews were coded, and thematic analysis was
informed by an inductive approach. Three major themes were identified: experiences and attitudes of Australian consanguineous
couples, childhood genetic conditions and beliefs, and the perceived utility of genomic screening. All but one couple had
previously sought genetic advice, and a large majority of couples were aware of childhood conditions within their family or
community. Thirteen couples perceived consanguinity as increasing the risk of having affected children. Nine spoke of premarital
screening programs routinely conducted in their countries of origin. All supported the concept and availability of genomic
reproductive carrier screening. Hypothetically, if found to be carriers of a severe childhood disorder, 13 couples reported they
would test a pregnancy, and 12 of whom would consider termination of pregnancy or pre-implantation genetic diagnosis. Four
couples would not test a pregnancy and two were unsure. A majority of couples would communicate potential at-risk status to
family members, although there were some caveats. Fourteen couples chose to have exome screening and reported that they
would utilize the results with the goal of preventing childhood conditions. Of these couples, nine (64%) had an affected child but
were aware that testing may reveal they were at risk for a child with a different condition and five (71%) without an affected child.
While from diverse ethnic and backgrounds, all couples practiced a religion and all but one couple were recruited from the same
clinical genetics unit, with a likely higher genetic literacy and bias towards accepting genetic testing. However, the choice made
by all couples was reportedly made with consideration of their personal values, their current family situation, and exome testing
issues, including fear of incidental findings and concerns about test reliability.
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Introduction

Consanguinity, a union between genetically related individ-
uals, is common on a global scale, with the majority being
first cousin unions, equivalent to a coefficient of inbreeding
(F) of 0.0625 (Bennett et al. 2002; Hamamy et al. 2011). An
estimated 10.4% of the global population is in, or the product
of, a second cousin relationship or closer (Bittles and Black
2010). The incidence of consanguineous marriage has sub-
stantial geographical, ethnic, religious, and cultural variability,
with population frequencies of 20–50%+ in many regions of
North Africa, the Middle East, and South and West Asia
(Hamamy et al. 2011; Fareed and Afzal 2017; Bittles and
Black 2015). Across Australia, it has been estimated that <
1% of marriages are consanguineous (Bittles 2008).
Nevertheless, as in other Western countries (Posch et al.
2012), migration patterns in Australia have resulted in many
endogamous communities where consanguineous is tradition-
al and remains favored (Nelson et al. 1997; Port et al. 2005; de
Costa 1988).

Autosomal recessive (AR) and X-linked recessive (XLR)
conditions contribute substantially to childhoodmorbidity and
mortality. An individual’s carrier status is most frequently
identified through the birth of an affected child. Due to inher-
itance by descent, the likelihood of consanguineous partners
being carriers for the same AR condition is higher than that of
unrelated partners (Fareed and Afzal 2017; Bittles 2001). In
absolute terms, this appears to increase the chance of having a
child with a major congenital anomaly from 1–3 to 2–7%
(Hamamy et al. 2011; Bittles and Black 2010; Zlotogora and
Shalev 2010; Bittles 2012; Becker et al. 2015).

The goal of genome-based reproductive carrier screening is
to identify carrier couples prior to having an affected child.
Ideally, but not necessarily, the screening would be utilized
prior to a first pregnancy. In certain populations, targeted re-
productive carrier screening programs already exist for condi-
tions based on population frequency and ancestry (Khorasani
et al. 2008; Al-Farsi et al. 2014; Verdonk et al. 2018). High
uptake rates of such programs correlate with familiarity of the
condition being screened, community elder and religious lead-
er supports, financial subsidization of testing, and basic genet-
ic literacy (Khorasani et al. 2008; Cowan 2009). In several
countries, genetic and/or hematological screening of prospec-
tive couples is a mandated pre-marital requirement (Cowan
2009; Fallah et al. 2009; Al-Farsi et al. 2014). Depending on
the socio-cultural and legal environment, reproductive options
may be available to carrier couples (Khorasani et al. 2008;
Fallah et al. 2009; Al-Farsi et al. 2014; Hamamy 2012;
Zlotogora and Shalev 2014; Henneman et al. 2016).

Despite the demonstrated demand for reproductive carrier
screening (Verdonk et al. (2018), until recently, only a handful
of the approximately 1700 known AR conditions (Sulem et al.
2015) were amenable to screening (Hamamy 2012; Zlotogora

and Shalev 2014). With technical developments leading to
shortened turn-around times, lowered costs, and improved
accuracy of genomic testing, expanded reproductive carrier
screening utilizing exome testing has become a reality
(Sallevelt et al. 2017). Regardless of ancestry, this approach
can identify couples as being at risk for most known AR
conditions, thus providing substantially improved reproduc-
tive risk information (Sallevelt et al. 2017).

Genomic testing itself is not without risk. Incidental find-
ings, the possibility of mis-assignment of variant pathogenic-
ity and the emotional and societal impacts of being identified
as a carrier couple are all considerations (van El et al. 2013).
While Verdonk et al. (2018) explored Dutch Moroccan and
Turkish consanguineously married women’s perspectives on
reproductive carrier screening and reproductive choices, this is
the first study of which we are aware that explores the accept-
ability and perceived utility of reproductive carrier genomic
screening in consanguineous couples.

Subjects and Methods

Recruitment

Couples were recruited from the clinical genetics unit at
Liverpool Hospital which provides services to an ethnically
diverse population group, and a major tertiary referral hospi-
tal, the Sydney Children’s Hospital. Couples were eligible if
related at least as second cousins (F ≥ 0.0156), and they were
planning further children. A current pregnancy was an exclu-
sion criterion although having a previous pregnancy or child
was not. Health interpreters were used as required, and docu-
mentation was translated into Arabic. The study was approved
by the South Eastern Sydney Local Health District Human
Research Ethics Committee (reference no 14/026).

Procedure

Consent was obtained for interview and audiotaping.
Demographic data were collected at the start of the interview.

Face-to-face interviews with couples were conducted by
the second author, KB-S (a Genetic Counsellor), and/or the
last author, EK (a Clinical Geneticist). None of the couples
were known to KB-S or EK from previous clinical encounters.
A semi-structured interview guide was used to explore their
experience of being a consanguineous couple in the Australian
community, beliefs about health conditions in children, aware-
ness of genetic conditions and risks associated with consan-
guinity, and views on genetic testing for carrier status and in
pregnancy (Supplementary Material: Interview Schedule for
Consanguineous couples). Iterative interviewing enabled data
saturation, and all interviews were transcribed verbatim.
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Data Analysis

Thematic analysis using an inductive approach was performed
through interview transcription, generation of initial codes, re-
finement of codes, searching for themes, reviewing themes and
defining and naming final themes (Braun and Clarke 2006).

Analysis began during data collection, allowing the inter-
view schedule to be expanded and adjusted according to pre-
vious interview data. The first author (SJ-T) familiarized her-
self with the data by reading transcripts several times and
making notes, informing the development of a preliminary
coding framework. The coding tree was reviewed by KB-S
and refined, with any discrepancies in coding discussed and
resolved, to arrive at an agreed-upon set of codes. Three de-
identified transcripts were independently coded by these au-
thors, informing the final coding framework. Resultant coder
reliability was at least 85%. All transcripts were then coded
line-by-line and encoded data managed in Microsoft Excel to
generate themes with supporting quotes.

Results

Demographics

All but one of the 21 couples interviewed were recruited from
Liverpool Hospital; all were interviewed as a couple. Of these,
14 proceeded with genomic testing (Kirk et al. 2018). A fur-
ther couple, who could not take part in an interview due to a
timing issue, was also elected to undergo genomic testing.

Median ages were 27 years for females (range 20–39 years)
and 34 years for males (25–46 years) and the average duration
of marriage was 8 years. The median number of children per
couple interviewed was two, with a total of 37 children born to
the 21 interviewed couples (range 0–4 children per couple; 3
children were deceased). Five couples had experienced fetal
death in utero at > 20 weeks’ gestation. Thirteen interviews
were conducted in English; interpreters facilitated seven inter-
views in Arabic and one in Urdu. Further demographic infor-
mation is listed in Table 1.

Themes

Three major themes were identified.

Theme 1: experiences and attitudes of Australian
consanguineous couples

Sixteen couples reported consanguinity as being common or
viewed as normal within their own community. Two couples
had married against the accepted norm of their culture.
Reported reasons for marriage were love (n = 4), familiarity prior

to marriage (n = 4), or arranged marriage (n = 3). The remaining
ten couples did not elaborate on their reasons for marriage.

Experience in Australia Several couples reported surprise at
learning after immigrating that consanguineous marriage
was uncommon in Australia. Most treated their consanguinity
as private information, choosing to disclose it to either select
friends outside of their community or to no one. Where con-
sanguinity was revealed, no overtly negative comments about
being in a consanguineous relationship were reported, either
from the general Australian community or health
professionals.

Even the non-Muslims they accept it. They don’t com-
ment on it in front of us. I don’t know, when I leave they
say something? (laughs) They might say it’s weird. I
don’t know. From what I understand, mostly from TV,
they say that it is weird to marry your cousin, or maybe
have a relationship with your cousin. For us, that’s nor-
mal, that’s the culture. C012

Concerns about potential for stigma were reported by six
couples. One of these feared adverse reactions not only to-
wards themselves, but towards their children.

I didn’t want [to disclose consanguinity]… if I did have
healthy children, I didn’t want them to be stigmatized.
Even if they were normal, people would think that there
was something wrong with them because we are related.
And because we’ve had problems in the past. So I
wanted to protect our future children potentially. C002

Genetic Information Accessed in the PastAll but one couple
had sought genetic advice previously, with some
reporting specific reasons, e.g., child affected by a health
problem known or suspected to have a genetic cause
(n = 10) and for reproductive advice specifically because
they were consanguineous (n = 5). Doctors, particularly
geneticists, were the reported preferred information
source.

Blood Mixing TestNine couples originating from Lebanon,
Syria, Iran, or Iraq spoke of having had Bthe test,^ a
Bblood test,^ or Bthe injection^ prior to marriage.
However, no couple was certain about which conditions
were investigated. One couple suspected this included
blood group and thalassemia screening; several believed
that Beverything^ was tested for; three reported they be-
lieved that a normal test guaranteed healthy children; and
three had heard of an injection or medicine that could
ensure healthy children.
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And we make a small test in our country before we
married. They make us our blood, it say, we already
have same blood, it doesn’t have a problem. So we sure
the baby it will be come out healthy. Otherwise no test
find a problem. When the baby come out we find a
surprise. C013

[Discussing premarital thalassemia screening in Iran] So
if the result is that their blood is not compatible, and they
love each other, they marry anyway and then they take
pills for five months, for example, that will make their
blood more compatible. Maybe one year or two year
tablets. C010

Risk Perception Thirteen couples rated their likelihood of hav-
ing a child with a genetic condition as higher than the non-
consanguineous population. Eight of these couples quantified
the increased risk, either correctly at 2–6% per pregnancy (n =
2) or as high risks, ranging from 20–30 to 50–70% (n = 6).
Three couples did not think that being consanguineous

increased their chance of having a child with a genetic
condition.

I don’t think there’s a difference between marrying, like,
someone that is your cousin or not your cousin, because
then you’ve got to think, there’s people out there that
don’t marry from family and from different nationalities
and you know, they have problems with their kids. C003

The remainder was unsure as to how consanguinity affect-
ed risks.

Back in Iraq, even talking about getting married, you
know, family members getting married, that can cause
problems with kids. There was no one talked about it. I
mean ..... in this country we know more about the risks
of getting married to a family member.

Interviewer: How high do you think the risk is? What is
the extra risk that comes along with that?

Table 1 Demographic information of the 21 couples interviewed.
Seven individuals were born in Australia and 35 migrated to Australia.
There were nine countries of origin. For those who had migrated, the
mean duration of living in Australia was 8 years. For those born in
Australia, the country of origin of at least of one of their parents was

the same as that of their partner. The sample drew on couples from four
different religions: Islam, Mandaean, Chaldean Christian, and Hindu,
with the majority (14/21) being Muslim. All but two couples were first
cousin unions

Couple Country of origin female Country of
origin male

Religion Relatedness Number of offspring
living; deceased; fetal
death in utero (> 20/40)

Affected
offspring

Genomic
testing

C001 Iraq Iraq Chaldean Christian 1st cousins once-removed 3;0;0 Yes No

C002 Australia Lebanon Muslim 1st cousins 1;1;1 Yes Yes

C003 Australia Lebanon Muslim 1st cousins 4;0;0 Yes No

C004 Iraq Iraq Mandaean 1st cousins 3;0;0 Yes Yes

C005 Did not interview. Yes

C006 Iraq Iraq Chaldean Christian 1st cousins 0;0;1 Yes Yes

C007 Iraq Iraq Mandaean 1st cousins 2;0;0 No Yes

C008 Kenya UK Hindu 1st cousins 1;0;0 No No

C009 Australia Syria Muslim 1st cousins 3;1;0 Yes No

C010 Iran Iran Muslim 1st cousins 1;0;0 No Yes

C011 Iraq Iraq Muslim 1st cousins 2;0;0 Yes Yes

C012 Sudan Sudan Muslim 1st cousins 1;1;1 Yes Yes

C013 Iraq Iraq Muslim 1st cousins 1;0;2 Yes Yes

C014 Australia Lebanon Muslim 1st cousins 2;0;0 Yes Yes

C015 India India Hindu 2nd cousins 2;0;0 Yes No

C016 Pakistan Pakistan Muslim 1st cousins 2;0;0 No Yes

C017 Iraq Iraq Mandaean 1st cousins 1;0;0 Yes No

C018 Lebanon Lebanon Muslim 1st cousins 0;0;1 Yes Yes

C019 Australia Syria Muslim 1st cousins 1;0;0 No Yes

C020 Australia Lebanon Muslim 1st cousins 0;0;0 No Yes

C021 Australia Lebanon Muslim 1st cousins 3;0;0 Yes Yes

C022 Bangladesh Bangladesh Muslim 1st cousins 1;0;0 No No
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Interviewee: We don’t know. C006

Approximately half of the couples expressed confusion
about the role of consanguinity as a potential cause of child-
hood conditions. Five spoke of non-related couples having
affected children, and six couples spoke of consanguineous
couples having Ball healthy^ children.

Well... (pauses), as I see others marrying their cousins
and I see others not marrying their cousins and they’re
having the similar issue that I’m going through. So what
is the truth? … I don’t know. Sometimes I have mixed
feelings, sometimes I see that it maybe because my hus-
band and I are cousins. But I see other people, that they
have in their family, that they’re not related, and they
end up having children that are sick. So, I don’t know.
It’s just confusing to me. C009

One couple spoke of the impact of endogamy.

As a Mandaean community our blood is completely
pure and goes back ever since history to the
Mandaeans. Because no new blood has been introduced
into the Mandaean people, no interference, it is pure
Mandaean blood.
Interviewer: So do you think that reduces the risks?
Interviewee male: On the contrary. It is more on the
increase. C004

Prenatal Events Two couples had experience with prenatal
testing: recurrence of a lethal autosomal recessive condition
and aneuploidy. Under medical advice for teratogen exposure,
one couple had opted for termination of pregnancy (TOP).

Disclosure Four of five couples who had children with an
established genetic diagnosis (three monogenic; two chromo-
somal) reported they had told family members of the diagno-
sis; two of these couples said it was because of the relatives’
increased risk and another couple disclosed the information to
their family for support.

One couple, with two children affected by the same rare
condition, reportedly did not disclose to their family that it was
genetic in origin. The same couple informed friends of the
genetic diagnosis, but they did not disclose their
consanguinity.

Theme 2: childhood genetic conditions and beliefs

Experience All but one couple had experience of genetic or
potentially genetic conditions affecting children: their own
children (n = 14), extended family (n = 3), or the wider com-
munity (n = 3) (Fig. 1). The remaining couple knew of genetic

conditions affecting children but had no direct experience of
their own. The spectrum of conditions ranged from perinatally
lethal congenital anomalies to mild intellectual disability.

Explanatory Models As an explanation for the birth of an
affected child, four couples proposed the effects of war as a
source of stress, either during pregnancy or secondary to reli-
gious persecution, subsequent refugee status, and isolation
from family and other support systems. The idea of chemicals
affecting a developing fetus was advanced by three couples,
due to pollution, unclean water, or chemicals released by
bombs. Maternal illness in pregnancy and at the time of de-
livery, as well as potentially teratogenic medications, or con-
versely not taking antenatal supplements, also was proposed.

My wife when she is pregnant, when the war come she
have big shock. Big, big shock. 33 days of scare [war].
Interviewer: It must have been terrifying.
Interviewee female: Yeah it was terrifying. I was in my
last [trimester].
Interviewee male: When he born [he] was in stress, like
his hands like that, remember? C014

Three couples cited chance, or fate, as a cause of childhood
conditions. All of the interviewed couples practiced a religion,
and six couples proposed God’s will and being challenged by
God as a factor in childhood conditions. However, none
expressed disbelief in genetics as a contributory cause.

Mostly if the parents are related, we say it is because
they are related. But in other situations, where there is no
relations between the parents, we say God have allowed
it. C010

Beliefs of Others Many couples reported it was difficult to
comment on how family and friends would explain childhood
conditions. The influence of war, stress, chemicals and pollu-
tion, fate, and God’s decree were again raised. Poverty, poor
hygiene, and chance were suggested. Family and friends were
thought less likely to propose consanguinity as a cause than
the couples themselves.

Interviewer: So the people in Iraq think perhaps war
caused this?
Interviewee: Yes, because too many baby born like this.
They say like this, ok, ‘they been there during bomb
time’. C001

Even with a confirmed genetic diagnosis, one couple en-
countered disbelief from their family that the cause was ge-
netic, as this was the first occurrence within the family.
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Future Generations About half of the couples expressed reli-
gious, cultural, or personal objections to marriages where
there were multiple loops of consanguinity, speaking in terms
of blood being Btoo close^ or Btoo thick.^ Six couples would
discourage their own children from being in a consanguineous
relationship.

Theme 3: perceived utility of genomic reproductive carrier
screening

Clinical Utility While six couples predicted a carrier result
would make them sad or anxious, all perceived the utility of
carrier testing and supported its availability. Twenty of the
couples spoke about how they would hypothetically use car-
rier status knowledge in a pregnancy, and 13 predicted they
would test a pregnancy. Of these, 11 would consider termina-
tion of an affected pregnancy (Fig. 2). One couple reported
that they would accept pregnancy testing for information only,
and another did not discuss whether they would consider
termination.

With my first baby she suffered a lot. It was very hard to
watch a baby die. I mean, it [termination] is not better,
but I feel that it is easier…
I don’t want to have children that are going to suffer. I
will do everything in my power to get all the testing
possible, to know as much as we can, to prevent any-
thing happening to our future children. I don’t think that
I would want to take any chances. C002

I’m thinking it all depends how far it’s gone. Like, if it’s
only early stages and there’s no harm, like nothing’s
done, yeah maybe. But if it’s gone beyond, what do
you do, do you kill a child? Do you know what I mean?
And in Australia, they help, they’re very good in helping
disability [sic] kids and that. You know the government
here’s very good. So you know, like, you’re not on your
own.… They help you out a lot. I don’t know, in the heat
of the moment you don’t know. You have to be (pauses),
you have to experience it. C019

Two of the couples opposed to termination said it was
prohibited by their religion (Mandaean, Islam).

No we wouldn’t do that [terminate]. If we start it we
finish it… that’s why we’re here to do the test. If we
have this problem, because of the [sic] related, and if so,
should we keep trying or not? C012

Whatever God’s going to throw at us, we’re just going to
have to take it. C003

Of six other couples, four would not test a pregnancy, of
whom three reported the decision was due to risk of miscar-
riage and two were uncertain if they would undergo prenatal
testing.

Additionally, one couple that was already undergoing
in vitro fertilization (IVF) for infertility did not view prenatal
testing as relevant for them, while another couple was discor-
dant: the female partner would test and consider TOP, and the
male would not test or stop a pregnancy (Fig. 2).

Due to the iterative nature of the interview, the issue of pre-
implantation genetic diagnosis (PGD) was discussed with on-
ly 11 of the 21 couples. Of these, six viewed PGD as a poten-
tial option, including the one couple already undergoing IVF.

[In regard to PGD] I would be grateful. I would thank
God for that. C006
[In regard to PGD] Yeah but, at the end of the day
everyone says how hard it is to have a kid with a dis-
ability. .... It’s not like they will look down on us for
doing that. C014

Conversely, five couples, four of whom were open to test-
ing in an established pregnancy, would not use PGD, citing
the expense and that it was Bunnatural.^

Communication of Potential At-Risk Status Thirteen couples
reported that if they had genomic testing and were found to be
carriers, they would disclose their potential at-risk status to
their families. Reasons included advising family members of
their own potential carrier status, for emotional support, and to

Fig. 1 Couples’ experiences with
childhood conditions experiences
either as a couple, within the
extended family, or community
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assist with pregnancy decision-making. Four of these couples
emphasized that there was no shame in being a carrier.

I think they will take it positively… They will under-
stand what it is. No parents would like to put their kids
in danger. So prevention is better than cure. C015

[I would tell] The whole family… I would tell people if
they asked, I’m not ashamed, if that’s what you mean.
C018

One couple would disclose their risk status only to family
members who were also in consanguineous relationships.
Two couples were male/female discordant regarding commu-
nication patterns. One couple would not feel comfortable shar-
ing their hypothetical carrier status. Reasons for non-
disclosure were that relatives already had healthy children,
the family would not understand, or that it would not alter
pregnancy decisions for others.

Genomic Testing Considerations In relation to genomic test-
ing, two couples raised concerns regarding the time taken for
the return of results of genomic reproductive carrier screening;
two asked whether a genetic diagnosis would allow a future
baby to be cured; one articulated fear of incidental findings;
one raised concerns over accuracy; and another raised privacy
concerns. Three couples suggested that the ideal timing of
testing would be prior to marriage or first pregnancy.

Interest Fourteen of the interviewed couples elected to pro-
ceed with genomic screening, together with another couple
who were not formally interviewed. The decision of whether
or not to proceed with screening does not appear to have been
influenced by having an affected child. Thus, of the 14 cou-
ples who chose to have screening, 9/14 (64%) were those with

an affected child and 5/7 (71%) were without an affected
child. Those with an affected child were aware that testing
may reveal they were at risk for a child with a different
condition.

Of the seven couples who declined screening, three would
not have used the information to inform a pregnancy (no TOP;
no PGD), two would have used the information to inform a
pregnancy but had decided after enrolling in the study that
their family was complete, one declined due to fear of inci-
dental findings, and one declined because of concerns about
test reliability.

Only one couple who reported that they were confident that
they would not test in a pregnancy or undergo PGD, accepted
the offer of testing. There was no religious or geographical
relationship to interest in testing.

Discussion

The largely neutral experience of being a consanguine-
ous couple in Australia reported by the study group
may reflect limited disclosure to the wider Australian
community, with couples viewing this as private infor-
mation. A fear of perceived stigma has been reported
previously, and studies support the idea that consanguin-
ity can be viewed as a taboo topic within Australia and
other Western countries (Bittles 2003; Bishop et al.
2008). Despite this concern, no actual experiences of
stigma were reported by couples in our cohort.

Another factor influencing the Australian experience may
be that while all of the male subjects were overseas-born, in
five couples, the wives were born in Australia. This is in
marked contrast to countries in which stigma has been report-
ed, for example, in the UK where a substantial majority of
Pakistani transnational unions involve a male UK-born resi-
dent marrying a Pakistan-born relative (Charsley et al. 2012).

Fig. 2 Hypothetical views of use
in pregnancy if identified to be a
carrier couple. The four couples
who would not test in an
established pregnancy includes
one couple for whom this was not
felt to be relevant as they were
undergoing in vitro fertilization
for infertility and would opt for
pre-implantation genetic diagno-
sis (asterisk). The figure does not
include the one discordant couple
in which the female would
undergo prenatal testing and
consider termination and the male
would not
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Although almost all couples had previously interacted with
genetics services, only two couples could accurately recount
the risk figures they had been given with respect to consan-
guinity. Over a third of couples who commented on risk of-
fered markedly high estimates for this risk, perhaps mistaking
the figures quoted for the chance of recurrence of an AR
condition. While confusion surrounding these figures would
not be surprising in the case of those with affected children,
incorrect recall of counseled genetic risks has been well de-
scribed (Michie et al. 2005). The difficulty reconciling an
increased risk of AR conditions due to consanguinity with
the couples’ personal experiences of many consanguineous
couples having exclusively healthy children, and affected chil-
dren being born to non-consanguineous couples, has previ-
ously been reported (Al-Gazali et al. 2006).

The nine couples who spoke of a Bblood mixing^ test orig-
inated from Lebanon, Syria, Iran, and Iraq and were probably
referring to premarital screening programs that exist for a
range of conditions, predominantly hemoglobinopathies, in
many Middle Eastern countries (Al-Gazali et al. 2006; Raz
et al. 2003; Gharaibeh and Mater 2009; Al-Allawi et al.
2013; Nariman et al. 2016). Their uncertainty about details
of the test is consistent with other studies from the Middle
East which found that most people screened were unaware
of the type of testing they had undergone (Al-Aama et al.
2008; Nariman et al. 2016).

Genetics as a contributing factor for conditions affecting
children of consanguineous parents was accepted by all cou-
ples in this cohort, perhaps reflecting previous genetic
counseling. However, other multifactorial contributing ex-
planatory beliefs for childhood conditions were proposed,
with many couples reflecting on stress or chance as possible
causes. Three couples from Iraq and one couple from Lebanon
spoke extensively of war and its aftermath as a cause of child-
hood conditions. Causes for acquired condition in children,
such as infectious disease, were also volunteered.

The six couples who spoke of God’s will as a factor in
childhood condition were of Muslim, Mandaean, or
Chaldean Christian faiths, five of whom cited God’s will in
conjunction with other factors. Contrary to other studies, none
of the couples offered a belief that severe childhood conditions
resulted from supernatural or divine punishment for parental
transgressions (Panter-Brick 1991; el-Shazly et al. 2010).

The goals and implications of genomic testing, as well as
limitations and risks including incidental findings, were rap-
idly understood by most participants. Several expressed grat-
itude for the availability of such testing. Almost two thirds of
couples, across all of the religious backgrounds of those
interviewed, would use information of their carrier status in
making reproductive choices. Couples acknowledged that the
decision to terminate a pregnancy would be difficult but spoke
of wanting to prevent suffering, consistent with similar studies
(Neter et al. 2005; Hans and Kimberly 2014).

While some caveats were expressed regarding the extent of
communication and disclosure of carrier status within the fam-
ily, in general, the participants supported openness. This is in
contrast with a study amongst consanguineous British
Pakistani families, amongst whom carrier status was poorly
communicated due to concerns of stigma and discrimination
(Shaw and Hurst 2009).

Limitations

This is a small study with a number of potential limitations.
Although the couples were of diverse ethnic backgrounds,
bias may have been introduced by the fact that all practiced
a religion and all but one couple were recruited from the same
clinical genetics unit, with a likely higher level of genetic
literacy and bias towards the acceptance of genetic testing.
Therefore, the relatively high hypothetical acceptability of
prenatal testing and consideration of TOP expressed by these
participants cannot be generalized to the broader Australian
consanguineous community or to other countries, although it
is in keeping with previous studies in consanguineous popu-
lations (Panter-Brick 1991; Neter et al. 2005; Fallah et al.
2009; Al-Allawi et al. 2013; Verdonk et al. 2018). A bias
may also have been introduced by including parents with af-
fected children, since other studies have demonstrated that
parents of severely affected children are more likely to under-
go prenatal testing and consider TOP for a second affected
child (Ahmed et al. 2008; Cowan 2009; Jafri et al. 2015).
However, in Cyprus, which has a β-thalassemia carrier rate
of ~ 15%, the implementation of prenatal screening restored
reproductive carrier confidence amongst couples and resulted
in an increase in birth numbers (Cowan 2009). Finally, the
self-selection of those responding to the invitation to partici-
pate may have also introduced a bias in regard to the openness
to genomic testing.

Practice Implications

Verdonk et al. (2018) noted that any offer of reproductive
carrier screening needs to be framed by choice. Importantly,
the choice made by all couples in this study was reportedly
with consideration of their values, their current family situa-
tion, and exome testing issues, including fear of incidental
findings and concerns about test reliability. This underscores
the importance of pre-test information to address limitations in
genetic literacy, perhaps not present in this cohort, time to
consider all of the personal and familial implications of choos-
ing to test, and provision of decision support.

The increasing availability and decreasing costs of geno-
mic screening provide the opportunity to offer reproductive
carrier screening to those at higher risk of having children with
AR or XLR conditions, including consanguineous couples. In
considering the implementation of such screening with this
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group, two key questions need to be considered. Firstly, is an
effective screen possible using available technology? This is
answered, in the affirmative, by the paper by Kirk et al. (2018)
which reported on the results of the 15 consanguineous cou-
ples from this cohort who were screened for AR and XLR
conditions using the TruSight One panel of 4813 genes asso-
ciated with human disease (Kirk et al. 2018). The authors
concluded that reproductive carrier screening of consanguin-
eous couples using genomic sequencing is practicable, and it
is likely to detect many more at-risk couples than any targeted
panel could achieve. This couple-based approach greatly re-
duces the associated analysis and counseling burden.

Secondly, will screening have clinical utility in that
population? In other words, will it be acceptable to the
target population, and will those who are identified as
being at-risk use the information to inform their repro-
ductive decision-making? In this study, we have ad-
dressed these issues, also in the affirmative. People
from diverse cultural and faith-based backgrounds had
varying understanding of the reproductive carrier impli-
cations of consanguinity, but given the choice, most
would access screening and would take action based
on the results. Nevertheless, although the study inter-
views are informative, the findings should not be ex-
trapolated to all consanguineous couples in Australia.

Future Research

Many of the couples interviewed expressed the view that be-
ing in a consanguineous relationship was Bnormal^ and com-
mon in their country of origin. Exploration of the views of
consanguineous couples in such countries on genomic repro-
ductive carrier screening would be informative to contrast
with the views expressed in this study.

Three couples suggested that the ideal timing of testing
would be prior to marriage or first pregnancy, consistent with
recommendations by the women interviewed in the study re-
ported by Verdonk et al. (2018). However, the inherent chal-
lenges in reaching such participants and enabling choice are
compounded when the screening is targeting couples. The
exploration of views of the Australian consanguineous cou-
ples documented here may inform further studies of truly pre-
conception couples, defined as pre-first pregnancy, if these
challenges can be overcome.

Conclusion

The concept and implications of genomic screening discussed
during the interview were understood by the couples in this
study. Their resulting decision to undertake testing was also
consistent with an intention to apply potential carrier status to
inform a pregnancy. While the decision was independent of

whether the couple already had an affected child, they were
perhaps influenced by their previous experience with the ge-
netics service.

The results of the sequencing of the consanguineous
couples from the interview cohort who chose to have
screening nevertheless suggests that the principle of offer-
ing a screening program to this target group has merit
(Kirk et al. 2018). Where this is implemented, the present
findings may lay the foundation for exploring perceptions
of exome sequencing with couples who have not had
children and are truly preconception and have had no
contact with genetics services. As in this study, important
questions will need to be explored for any offer of screen-
ing that is underpinned by choice: (Bennett et al. 2002)
consideration of the pre-existing beliefs and attitudes of
couples in consanguineous relationships regarding consan-
guinity; (Hamamy et al. 2011) its medical, personal, and
societal consequences; and (Bittles and Black 2010) the
likely clinical utility of such a test.
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