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Uptake of carrier testing in families after cystic fibrosis
diagnosis through newborn screening

Belinda J McClaren1,2,3, Sylvia A Metcalfe*,1,2, MaryAnne Aitken2,4, R John Massie2,5,6,
Obioha C Ukoumunne2,7 and David J Amor2,3,8

Newborn screening (NBS) for cystic fibrosis (CF) provides the opportunity for cascade carrier testing of relatives. Uptake of

testing by adult non-parent relatives of children diagnosed with CF through NBS has not been previously described, and this

study describes uptake by both parents and adult non-parent relatives in Victoria, Australia. Pedigrees were taken from parents

of children who were born in 2000–2004 and diagnosed with CF. A total of 40 families were eligible for the study and 30

(75%) were recruited. In all, 716 non-parent relatives were identified from the pedigrees as eligible for carrier testing, and 82

(adjusted uptake percentage: 11.8%; 95% confidence interval 8.0–15.7) have had carrier testing by March 2009. On average,

2.7 non-parent relatives per family had CF carrier testing after diagnosis through NBS. The odds of being tested were greater for

females than males (adjusted odds ratio 1.61; 95% confidence interval 1.11–2.33; P¼0.01) and greater for those more closely

related to the child with CF (adjusted odds ratio 5.17; 95% confidence interval 2.38–11.24; Po0.001). Most relatives who

undergo testing are tested immediately after the baby’s diagnosis; however, some testing is undertaken up to 8 years later. These

results indicate that in a clinical setting, the diagnosis of a baby with CF by NBS does not lead to carrier testing for the majority

of the baby’s non-parent relatives. We suggest re-contact with parents to offer cascade carrier testing.
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INTRODUCTION

Cystic fibrosis (CF) is the most common severe recessive condition in
children, with a birth prevalence of approximately 1 in 3500 for
Caucasian populations.1 CF is characterized by suppurative lung
disease, pancreatic exocrine insufficiency and elevated sweat electro-
lytes.2 Advances in treatment have seen life expectancy increase to
approximately 30 years of age, but as yet there is no cure for CF. The
CF carrier frequency is approximately 1 in 25 in Caucasian popula-
tions; however, those with a family history of CF are at greater risk.
The identification of the Cystic fibrosis transmembrane conductance
regulator (CFTR) gene in 1989 made possible the detection of CF
carriers.3 The subsequent inclusion of CFTR mutation analysis in
newborn screening (NBS) programs allowed genetic diagnosis and the
availability of cascade carrier testing for family members. Knowledge
of carrier status provides information that may be used to make
reproductive decisions. Prenatal diagnosis is available for carrier
couples, who may choose to terminate an affected pregnancy, or
continue with the pregnancy and use the information to prepare for
the birth of their child with CF. Knowledge of carrier status before
pregnancy means there are some other options available for carrier
couples, including preimplantation genetic diagnosis.
It has been recommended that carrier testing be made available for

adults with a family history of CF.4,5 Several studies have explored issues
associated with offering carrier testing to people who have a family

history of CF.6–10 These studies that have been undertaken in research
settings involved intervention from the investigators, such as directly
contacting relatives, or giving patients resources to communicate with
family members after a genetic counselling appointment. The extent to
which non-parent relatives access carrier testing in the context of a clinical
setting, rather than in response to a specific research study-driven offer of
testing, has not previously been explored. One such context is carrier
testing of adult non-parent relatives after a child’s diagnosis of CF
through NBS. Carrier testing is offered to adult relatives, including
parents, of a child diagnosed with CF through NBS in Victoria,
Australia.11,12 Given the implementation of CF NBS in other clinical
settings worldwide, it is necessary to explore cascade carrier testing in the
context of a diagnosis after NBS rather than based on family history after
the clinical diagnosis of a symptomatic child. This study, in a context in
which CF NBS is well established, can provide information for these
other settings regarding the likely uptake of cascade carrier testing by
non-parent adult relatives. The aim of this study was to describe the
uptake of carrier testing, in a clinical setting, by adult non-parent relatives
of children diagnosed with CF through NBS.

MATERIALS AND METHODS

Setting
In Australia, there are approximately 90 children born with CF each year. In

the State of Victoria, Australia, CF has been included in the NBS program
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since 1989. All babies are screened using a heel prick blood sample collected

soon after birth. The screen identifies elevated immunoreactive trypsinogen

(IRT), followed by CFTR mutation analysis and sweat testing.13 Some babies

who are CF carriers will be detected; exploration of the effect of carrier

detection through NBS has been previously reported.14–16 After a diagnosis

of CF through NBS, parents are offered an intensive education program

through the CF clinic at the Royal Children’s Hospital, Melbourne.17 During

this time, they have the opportunity to see a genetic counsellor who discusses

the implications of the diagnosis for subsequent pregnancies and the availability

of cascade carrier testing for family members.17 A family pedigree is drawn and

parents are provided with a letter for distribution within the family to assist

them with discussing carrier testing. In Victoria, CF carrier testing is performed

by a single state-wide laboratory, the Victorian Clinical Genetics Service, and is

free of charge for family members (funded by the State Department of Human

Services).

Ethics approval
This study was approved by the Royal Children’s Hospital Ethics Committee

(HREC 27121C) and Genetic Health Services Victoria, the Victorian Clinical

Genetics Service.

Recruitment
From August 2008 to February 2009, parents of children who were diagnosed

with CF through NBS in Victoria, managed by the clinical service, and who

were born between 1 January 2000 and 31 December 2004, were invited to

participate in the study (n¼82). This 5-year period was chosen because it was

recent enough to anticipate that contact details of families would be current

and distant enough for family members to have had carrier testing. A letter of

invitation was sent with a newsletter from the CF clinic, and a member of the

research team approached parents at their child’s next appointment. An

interview was scheduled with parents who chose to participate. Before the

interview, the family’s genetics file, a medical record documenting contacts with

the genetics service, was accessed to obtain the pedigree that was collected at the

time of the child’s diagnosis. Parents were interviewed to validate the pedigree

from the genetics file. Validation involved checking that all relatives were

included in the pedigree, and confirming names, ages and locations of relatives.

Data collection
Information from the pedigrees was entered into a Microsoft Access database

including: first name, family name, whether from the maternal or paternal side

of the CF child’s family, relationship to child, carrier risk (based on relationship

to child), gender and date of birth. To determine whether relatives had a carrier

test, the centralized Victorian Clinical Genetics Service laboratory database was

searched at the end of March 2009 using the information collected for each

eligible individual.

Inclusion and exclusion criteria
Eligibility criteria for inclusion of relatives were: the familial mutation was

detectable; the relative was a genetic relative; and the carrier risk based on

relationship to child was 1, 1 in 2, 1 in 4 or 1 in 8. Three generations of the

family were included (ie, up to and including grandparental generation).

Relatives were excluded if they were known to reside interstate or overseas

(as their test records would not be available on the Victorian Clinical Genetics

Service pathology laboratory database), if they were deceased at the time of the

child’s diagnosis or if they were o18 years of age by March 2009.

Data analysis
All analyses were performed using Stata 10.1 (StataCorp., Stata Statistical

Software: Release 10.1, Stata Corporation, College Station, TX, USA). We

report uptake of CF carrier testing as the percentage of eligible relatives who

have had carrier testing. Estimation of uptake has been adjusted for clustering

because each individual in the data set is part of a family, and therefore cannot

be considered independent. For example, it is expected that an individual who

is part of a family in which several people have had carrier testing is more likely

to also have carrier testing. This correlation, or clustering, between the uptake

of testing of participants from the same family needs to be accounted for,

otherwise confidence intervals for the estimated percentage tested will be too

narrow, implying a greater degree of precision than there actually is.18 The

regression-based method of marginal models using generalized estimating

equations (GEE) with information sandwich (robust) estimates of standard

error was used to estimate the percentage of family members who have had

carrier testing with a 95% confidence interval that is adjusted for clustering.18,19

In this analysis, an exchangeable correlation structure was assumed and the

‘identity’ link function was selected to estimate the proportion of relatives who

have had carrier testing. Unadjusted and adjusted (multivariable) logistic

regression models were fitted using the GEE method to investigate the

relationship between uptake of carrier testing for adult non-parent relatives

and the following three variables: gender, carrier risk based on relationship to

child and maternal versus paternal family status. We present median and

interquartile range (IQR) for the time taken by parents and other relatives to

have carrier testing, and the age at which testing occurred.

RESULTS

Description of sample
A total of 40 eligible children attended the CF clinic during the
7-month recruitment period from August 2008 to February 2009, and
their parents were invited to participate. Parents of 36 children
consented to take part. Of the four families who declined participation
immediately, three were too busy and one did not wish to bring up
these issues again in the family. Interviews were held with 30 of the 36
families (participation rate of 75%). Of the six families who were not
interviewed, four could not be reached by telephone to organize the
interview (did not answer calls or return messages), one declined
participation because of a change in family situation (recent separa-
tion) and one left a telephone message to say they had changed their
mind about participating. Pedigrees from the 30 participating families
were examined for this audit, from which 775 relatives, including
parents, eligible for carrier testing were identified. A further 85
relatives resided interstate or overseas and were excluded from the
study, as their testing details were not available and could not be
determined. The median (IQR) family size was 29 (22–37) members,
with a range from 2 to 60 members.

Uptake of carrier testing
Of the 775 eligible relatives, 120 (15.5%) have had carrier testing.
Table 1 shows the proportion undergoing testing for each group
defined by carrier risk based on relationship to the child with CF. Of
the 716 non-parent relatives, 82 (11.5%) had carrier testing. On
average, this equates to 2.7 (82/30) people per family (other than

Table 1 Number of eligible relatives who had carrier testing based on

their estimated carrier risk as determined by their relationship to the

child with CF

Carrier risk based

on relationship to

the child with CF Relative

Number tested/total

eligible (%)

1 Parents 38/59 (64.4%)

1 in 2 Grandparents 22/94 (23.4%)

Aunts/uncles 37/95 (38.9%)

1 in 4 Great aunts/uncles 15/264 (5.7%)

First cousins 4/26 (15.4%)

Half sibling 1/2 (50.0%)

Half aunt/uncle 1/13 (7.7%)

1 in 8 First cousins once removeda 2/221 (1.0%)

Half first cousin 0/1 (0.0%)

Total 120/775 (15.5%)

aChildren of great aunts/uncles.
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the parents) who have had carrier testing after diagnosis of CF through
NBS. After adjusting for clustering, the estimated proportion tested
was 16.3% (95% CI 12.1–20.5) for all relatives, including parents, and
11.8% (95% CI 8.0–15.7) for the 716 non-parent relatives. These
estimates are slightly larger than the observed percentages because of
the relative down-weighting of the contribution made by larger
families (420 members), and the relative up-weighting of the con-
tribution made by smaller families (r20 members) in the analyses
that are adjusted for clustering. Because most of the larger families had
lower uptake, 15.4% (95% CI 11.0–19.8) compared with smaller
families 19.6% (95% CI 0.8–31.5), the clustering-adjusted estimates
are larger.

Description of parents of children with CF
Of 59 parents of children with CF, 38 (64.4%) have had carrier testing,
and in 18 families both parents were tested. For 9 children who were
homozygous for p.F508del, neither parent was tested (Table 2). The
median (IQR) time taken for parents to be tested was 1.3 (1.1–1.6)
months with a range of 0.6–43.6 months. The median (IQR) age
of parents when tested was 32.1 (27.1–35.0) years, with a range of
17.2–41.6 years.

Predictors of uptake of carrier testing among non-parent relatives
The results from the logistic regression of test status among non-
parent relatives of the child with CF are shown in Table 3. Relatives
with a carrier risk of 1 in 8, based on relationship to the child with CF,

were not included in this analysis because the sample size in this group
was too small. In the unadjusted analysis, the odds of having the test
were 1.6 times greater for female relatives than for males. The odds of
testing were over 5 times greater for family members with a carrier risk
of 1 in 2 than for those with a carrier risk of 1 in 4. There was no
strong evidence of an association between being tested and maternal
versus paternal family member status. In the adjusted model, the
associations of gender (P¼0.01) and carrier risk based on relationship
to the child with CF (Po0.001) remained.

Time taken to be tested and age when tested of non-parent
relatives after CF diagnosis through NBS
The median (IQR) time taken to be tested from the child’s date of
birth to the date of a non-parent relative’s test was 4.8 (2.8–38.2)
months (Figure 1). The median (IQR) age of non-parent relatives
when tested was 39.1 (29.8–56.6) years, with a range of 15.8–82.7
years, and shows a bimodal distribution (Figure 2).

DISCUSSION

This is the first study to examine the uptake of CF carrier testing by
adult non-parent relatives of a child diagnosed with CF through NBS.
On average, three non-parent relatives have carrier testing in the years
after a child’s diagnosis of CF through NBS. However, the vast
majority (88.5%) of eligible non-parent relatives remain untested.
In this sample, a greater proportion of females were tested than males,
consistent with a previous study on the role of gender in decision

Table 2 Genetic mutation profile of children in sample and the test status of parents

Genetic mutation combination Number of children Both parents tested Mother only tested Father only tested Neither parent tested

p.F508del/p.F508del 20 9 1a 1 9

p.F508del/c.489+1G4T 3 2 1b 0 0

p.F508del/p.G542X 1 1 0 0 0

p.F508del/p.G551D 2 2 0 0 0

p.F508del/p.N1303K 2 2 0 0 0

p.F508del/unknown c 1 1 0 0 0

p.I507del/unknown c 1 1 0 0 0

aNo test data for father.
bThe mother was found to carry the c.489+1G4T mutation.
cOnly relatives of the parent for whom the mutation was detectable were included in this study of uptake of carrier testing.

Table 3 Logistic regression of test status of non-parent relatives on potential predictors of uptake of carrier testing

Proportion tested (%) Unadjusted analysis OR; 95% CI; P-value Multivariable analysis AOR; 95% CI; P-value

Gender of relativea

Female 14.5 1.64; 1.20–2.25; 0.002 1.61; 1.11–2.33; 0.01

Male 9.45 Reference group Reference group

Maternal or paternal relatives

Paternal 12.1 1.19; 0.66–2.13; 0.55 1.14; 0.69–1.91; 0.60

Maternal 10.9 Reference group Reference group

Carrier risk based on relationship to child with CF

1 in 2 31.8 5.56; 2.47–12.52; o0.001 5.17; 2.38–11.24; o0.001

1 in 4 6.6 Reference group Reference group

1 in 8 1.0 —b —b

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
N¼716.
aThere were 37 non-parent relatives for whom gender could not be confirmed by the parents in the interview and these have been excluded from this analysis of the gender variable.
bThe odds ratio could not be calculated due to the very small number of participants in this group.
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making about genetic testing.20 Tests of interaction showed that the
effect of gender on test status does not depend on family background
(whether or not the relative is from the maternal or paternal side;
P¼0.80), and hence on both sides of the family, females are more
likely than males to have carrier testing. Some relatives are tested
immediately after the child’s diagnosis and others are still undergoing

testing some 8 years later (Figure 1). Over half (61%; 50/82) of non-
parent relatives who are tested, however, do so within 1 year of the
child’s diagnosis. The age at which non-parent relatives are tested
shows a bimodal distribution: one peak for those who are in their
reproductive years and one peak for those who are post-reproduction
(Figure 2). Stratifying the analysis for age of non-parent relatives was
not possible for those who have not been tested as their dates of birth
could not be collected within this study because of the Privacy Laws in
the State of Victoria. Dates of birth could only be collected for relatives
who have had carrier testing. In Australia, there are no recommenda-
tions that testing be restricted by the age (418 years) or life stage of
relatives.12

This study, undertaken in a clinical setting, shows that 88.5% of
eligible non-parent relatives remain untested. This evaluation of
clinical practice provides an estimate of uptake that is lower than
that observed in research studies about carrier testing for CF in
families in which an ‘active’ approach to testing is taken (ranging
from 29 to 69%, or described as a significant increase in numbers of
tests performed per month),6–9 but a higher estimate than a ‘passive’
approach study (o10%).10 The setting for our study is similar to a
previous ‘passive’ approach in that a genetic counselling session to
discuss the availability of carrier testing for relatives is offered, a
pedigree is drawn and parents are provided with information to pass
on to their other relatives.10 An important difference with our study is
that within the clinical setting the offer of testing for relatives occurs at
the same time as the child’s diagnosis (during the parent education
program after NBS), whereas Surh et al10 described a genetic counsel-
ling intervention undertaken as part of a research study, which was not
a component of routine clinical practice, with adults with CF or
parents of a child with CF. Genetic counselling at the time of
diagnosis, as part of routine clinical practice in our setting, provides
parents with the opportunity to discuss testing for other relatives in
the context of sharing the diagnosis with their family. This may
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explain why a higher level of uptake is observed in our study
compared with the ‘passive’ approach study.10

Two-thirds of parents confirmed their carrier status with testing.
Parents of nine children who were homozygous for the p.F508del
mutation were not tested and for another three children, only one
parent was tested (Table 2). The absence of testing in these parents is
likely to have been based on the assumption that their genotypes could
be inferred from their child’s genotype; nonetheless, even in this
setting, testing of both parents is of benefit to exclude the possibilities
of uniparental isodisomy,21 non-paternity or sample mix-up.22 In our
study we did not identify any such cases. In Australia, although non-
directive genetic counselling and carrier testing is offered to parents
for recurrence risk and for cascade testing,11 parents may choose to be
tested or not. CF carrier testing has the potential to cause psycholo-
gical harms as well as benefits; genetic counselling, to manage the
effect of such harms, is therefore an important component of clinical
practice.23 These harms may influence relatives’ decisions about carrier
testing and therefore may explain to some extent the relatively low
uptake of carrier testing that we report. Further investigation of the
influences on relatives’ decisions about carrier testing is needed. The
discovery of non-paternity is a potential harm of carrier testing
parents after a child’s diagnosis of CF through NBS; although this
potential harm is not routinely discussed in a genetic counselling
session in our setting, genetic counsellors have skills to support
parents for whom this possibility is a reality. Future research could
explore with parents their experience of carrier testing after their
child’s diagnosis of CF, and in particular seek views and attitudes
regarding the value, if any, parents place on such testing. Similarly,
exploring the value of carrier testing, as perceived by non-parent
relatives, is necessary as this has not been clearly established.
The results from this study may underestimate the proportion of

eligible non-parent relatives who have had carrier testing as it is
possible that some have been tested but their result was not held in the
database. Relatives who reside interstate or overseas were excluded at
the beginning of the study as their records would not be held in the
Victorian database. Although carrier testing for CF may be accessed
through a few private laboratories in Victoria, cascade testing for
relatives is provided free of charge (funded by the State Department of
Human Services) and is performed by a single state-wide laboratory.
Nevertheless, it is possible that some non-parent relatives who are
unaware that they can have carrier testing free of charge have sought
and paid for testing at a private laboratory, and as such their records
would not have been included in this study. In addition, it is possible
that some relatives have not been tested because their carrier status
was clarified by another family member’s negative result. Exploring
the reasons why non-parent relatives were or were not tested was not
the aim of this audit study, and therefore it remains unclear whether
clarification of risk explains why some relatives have not had carrier
testing.
The detection of CF carriers through NBS presents another avenue

for cascade testing in the absence, however, of a diagnosis of CF in the
family.15,16 Passing on the genetic information to other family mem-
bers has been described as ‘problematic’ after a child is identified as a
CF carrier through NBS.24 Policy recommendations regarding cascade
testing after NBS in Victoria are to discuss cascade testing with parents
of children diagnosed with CF. When a child is identified as a CF
carrier after NBS, carrier testing is offered by a genetic counsellor to
parents on the same day as the sweat test, and cascade testing for other
adult relatives from the relevant side of the family is discussed. The
main aim of this study was to audit cascade testing after NBS resulting
in diagnosis of CF in a child and report the uptake of testing by

non-parent relatives. As such, data were not collected on cascade
testing of carriers detected through NBS. This study may have some
findings that are transferable to families in which a carrier child
is identified through NBS. Providing support for parents in the form
of re-contact with a genetic service to discuss the implications
for other relatives, sometime after the information is first known,
may be beneficial to reduce the burden of communicating genetic
information. The effect of the absence of a diagnosis of CF would need
to be further examined, and is beyond the scope of this paper.
It is important to understand how carrier testing, after a child is

diagnosed with CF through NBS, is accessed to tailor services to the
needs of parents and other relatives. Positive attitudes to carrier
testing, and high uptake when an ‘active’ approach to offering testing,
as shown in the literature, suggests that non-parent relatives do want
the opportunity to make a decision about carrier testing for CF for
themselves,6–9,25,26 but in our study more than 88% of non-parent
relatives are not tested.
This study was not designed to explain the relatively low levels of

carrier testing identified. Although communication with relatives may
occur for familial support after the diagnosis, discussion of genetic risk
seems to occur later.27,28 It is not clear whether uptake of CF carrier
testing is a true reflection of communication because relatives may
choose not to be tested despite being informed of their carrier risk.
Informed relatives may not access testing because: (1) they do not
want to; (2) they do want to but other barriers are present, for
example, they do not know how to access testing or have not pursued
it yet;6,9,25 or (3) their carrier risk has been clarified by the test result of
another family member.8 Further research into the decision made by
non-parent relatives about carrier testing is needed to complement
this study. Greater understanding of the influences of decision making
for CF carrier testing may identify information needs of relatives and
enhance the way clinical services such as ours are offered. We are
currently undertaking a questionnaire-based survey of knowledge,
attitudes and factors that influence decision making about carrier
testing for non-parent relatives of a child diagnosed with CF
through NBS.
Re-contact with parents to discuss carrier testing for other relatives

could be justified. The need to assist parents with communicating to
their relatives about carrier testing has been previously described.25,29

It is possible that relatives are interested but wish to decide about
testing on a time frame that suits their life stage or circumstances; or
that this is the pattern of familial communication in which informa-
tion is disseminated to specific people at specific times. Further
research is required to determine whether such re-contact is indeed
justified, how such an approach would be undertaken and the most
appropriate time frame for re-contact.
Previous research on cascade testing for other conditions can

provide a model for how CF carrier testing could be offered to
relatives of children diagnosed with CF through NBS. Newson
et al 30 suggest, in their review of cascade testing for familial hyperch-
olesterolemia, that there are two ways of how genetic information may
reach relatives: (1) ‘family contact’ in which the existing patterns of
communication are used within the family and information is
disseminated by a family member, usually the proband; and (2) ‘direct
contact’ in which relatives receive information from a clinical service;
their contact details supplied to the service by the proband. They
conclude that these two approaches should not compete; rather,
they are complementary and could be used in succession in which
the proband initially communicates to their relatives (family contact)
but can draw on the clinical service to pass the information on to
other relatives who may be more challenging to communicate with

Uptake of CF carrier testing in families after NBS
BJ McClaren et al

1088

European Journal of Human Genetics



(direct contact). Similarly, studies of cascade testing for hereditary
cancers describe these two approaches of making contact with
relatives.31,32 A comparison of standard clinical practice and an
intervention that included greater emphasis on, and assistance with,
family communication showed that with additional follow-up genetic
counselling, greater proportions of relatives contacted genetic ser-
vices.33 Although the studies described above can suggest how to
better support families of children diagnosed with CF through NBS, an
important difference is that the genetic information in the present study
relates to reproductive risk rather than personal health. Further research
is needed to develop an approach for offering CF carrier testing to non-
parent relatives of children diagnosed with CF through NBS.
Further research is also required to determine the outcomes of

carrier testing for non-parent relatives, in particular to understand
how they make use of the information when making reproductive
plans. Previous research examining the subsequent reproductive
behaviors of parents of children with CF have documented some
parents’ use of prenatal diagnosis and changes in their reproductive
plans,34–36 and other parents who did not have prenatal diagnosis.37,38

Parents’ reproductive plans change over time;34,36 Sawyer et al34

recommend ensuring parents have ongoing access to genetic counsel-
ling as they make plans for future pregnancies. The same recommen-
dation could be made for carrier couples identified in families through
cascade testing.
In summary, this study has shown that approximately three non-

parent relatives have CF carrier testing after a child’s diagnosis with CF
through NBS. Relatives who are most closely related to the child were
more likely to be tested, and female relatives were more likely than
male relatives to be tested. Nevertheless, the vast majority of non-
parent relatives do not have carrier testing after a diagnosis of CF
through NBS. These findings have implications for clinical practice for
offering CF cascade carrier testing, with a suggestion to re-contact
parents, after a period of time, to discuss cascade carrier testing.
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