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Abstract
Background Implementing genomic sequencing into newborn screening programs allows for significant expansion 
in the number and scope of conditions detected. We sought to explore public preferences and perspectives on which 
conditions to include in genomic newborn screening (gNBS).

Methods We recruited English-speaking members of the Australian public over 18 years of age, using social media, 
and invited them to participate in online focus groups.

Results Seventy-five members of the public aged 23–72 participated in one of fifteen focus groups. Participants 
agreed that if prioritisation of conditions was necessary, childhood-onset conditions were more important to include 
than later-onset conditions. Despite the purpose of the focus groups being to elicit public preferences, participants 
wanted to defer to others, such as health professionals or those with a lived experience of each condition, to make 
decisions about which conditions to include. Many participants saw benefit in including conditions with no available 
treatment. Participants agreed that gNBS should be fully publicly funded.

Conclusion How many and which conditions are included in a gNBS program will be a complex decision requiring 
detailed assessment of benefits and costs alongside public and professional engagement. Our study provides support 
for implementing gNBS for treatable childhood-onset conditions.
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Background
Standard newborn screening (stdNBS) programs have 
been operational for over 50 years, have high uptake, and 
are delivered at low cost. With the increasing availability 
and decreasing cost of genomic sequencing technologies, 
discussions about incorporating genomics into NBS have 
been pervasive in the literature. One of the main pro-
posed advantages of genomic newborn screening (gNBS) 
is that it would allow for the significant expansion of the 
number of conditions able to be detected early in a child’s 
life [1]. 

Population-wide screening programs have tradition-
ally been informed by the Wilson and Jungner criteria [2] 
for deciding which conditions to include. One criterion 
relates to the potential for some form of treatment to be 
implemented in response to early detection. Although 
over 700 rare conditions have some treatment available, 
less than 5% of these are included in NBS programs [3]. 
Genomic sequencing may help to alleviate this gap while 
also allowing for new conditions to be assimilated should 
treatment become available [1]. 

However, some have suggested that the Wilson and 
Jungner criteria are outdated in the genomics era, as they 
rely on decisions being made on a condition-by-condi-
tion basis [4]. In reality, the vast number of conditions 
that could be screened using genomic sequencing makes 
this case by case model impractical moving forward [5]. 
The evolving clinical landscape and growing interest 
and availability of genomic sequencing technologies has 
prompted reconsideration of the appropriateness of these 
criteria in the modern age since these technologies were 
introduced [4]. As such, revised principles have been 
proposed [4, 6, 7]. 

When considering the inclusion of genomic sequenc-
ing in NBS programs, it is tempting to adopt a ‘bigger is 
better’ approach to identify as many conditions as pos-
sible as early as possible. However, the more conditions 
screened, the more complex the technical, psychosocial 
and ethical aspects become [5]. Therefore it is critical 
that decisions about which conditions to include in gNBS 
should consider both expert and public opinion [5]. We 
aimed to explore the Australian public’s preferences and 
perspectives on increasing the number of conditions 
screened in NBS programs using genomic sequencing.

Methods
Recruitment
The methods of this paper have been published in detail 
elsewhere [8]. In brief, we recruited English-speaking 
members of the Australian public over 18 years of age 
via social media posts on Facebook. Those who were 
interested in participating were directed to a website to 
register their interest and then contacted to confirm eli-
gibility and maximise participant heterogeneity (e.g., age; 

gender; location; parent status; and country of birth and 
language spoken at home (as measures of cultural and 
linguistic diversity). Individuals signed an online consent 
form, provided their availabilities to schedule the focus 
groups, and were asked to watch a three-minute video 
[9] to provide them with background information about 
genomics and current newborn screening programs in 
Australia. Participants were allocated to focus groups 
based purely on their availability. Participants were sent 
a AUD$75 (-USD$50) voucher at focus group completion 
as remuneration for their time.

Data collection and analysis
Focus groups, conducted and recorded via Zoom, 
explored participants’ preferences and values regard-
ing key gNBS characteristics and preferences for gNBS 
service delivery. Both DV and FL are skilled qualitative 
researchers with experience in focus group methodology 
and training in genetic counselling. None of the partici-
pants were known to the researchers. The focus group 
guide is included in the supplementary materials. Partici-
pants received very little prompting aside from the ques-
tions shown and examples of conditions relating to the 
factors were not provided by the researchers. Interview 
transcripts were analysed using inductive content analy-
sis, whereby content categories are generated from the 
data, rather than predetermined [10]. Coding continued 
iteratively until all data relevant to the research question 
had been coded into categories and subcategories. All 
transcripts were coded by FL; DV checked the coding to 
ensure rigour. The coding was discussed by DV and FL 
who, together used the categories and subcategories to 
generate the overall findings. Data analysis was managed 
using NVivo (released March 2023) [11]. 

Results
Participant demographics
Seventy-five members of the Australian public aged 
23–72 participated in one of fifteen focus groups (range 
2–8 per group). Participant characteristics are sum-
marised in Table  1. Thirteen participants self-reported 
they were health professionals. Seventeen participants 
disclosed they had a child with a genetic condition. 
Eleven participants were on parental leave at the time of 
the focus group.

Below we report data from the following categories 
resulting from inductive content analysis: (1) Decid-
ing which conditions to include in gNBS; (2) Criteria 
for which conditions to include, and  (3) Cost and fund-
ing of gNBS. Representative quotes are used to illustrate 
our findings. An ellipsis (…) reflects where a significant 
portion of speech has been removed, and square brackets 
represent where a word has been replaced for clarity or 
to protect participant anonymity. Quotes are deidentified 
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to protect participant anonymity; codes are used to iden-
tify participants based on their focus group number (e.g., 
FG1 P1 refers to focus group 1, participant 1).

Deciding which conditions to include
Participants discussed how to decide which conditions 
are included in gNBS. Illustrative quotes are shown in 
Table 2. Some participants felt that every possible condi-
tion should be included in gNBS (Table 2, Quote 1). This 
often included both treatable and untreatable conditions 
(Table 2, Quote 2).

Many participants assumed that conditions would 
need to be prioritised for inclusion, and therefore dis-
cussed exactly how to make these decisions. Despite the 
purpose of the focus groups being to elicit these public 
preferences, participants wanted to defer to others to 
make these decisions, such as health professionals or 
those with a lived experience of each condition (Table 2, 
Quotes 3 and 4).

Although some participants thought it was not appro-
priate to allow parental choice, others stated that parents 
should be given the choice about which conditions they 
wanted their newborn screened for (Table  2, Quote 5). 
However, some recognised that presenting parents with 

a long list of conditions could be overwhelming, and so 
suggested ‘grouping’ conditions to make the choice easier 
(Table 2, Quotes 6 and 7).

Criteria for which conditions to include
Focus groups discussed different criteria for decid-
ing which conditions to include in gNBS, such as age of 
onset, likelihood of the condition developing (i.e., pen-
etrance), severity, treatability, variability, frequency, and 
accuracy of the test for each condition. Illustrative quotes 
are shown in Table 3.

Some participants felt that only conditions that had a 
treatment or intervention available should be included 
in gNBS (Table 3, Quote 1). These participants suggested 
that knowing about untreatable conditions would have 
significant psychological impact on families and even 
children themselves. However, many participants saw 
benefit in also including conditions for which no treat-
ment was available (Table  3, Quote 2). They expressed 
that even if a condition was untreatable, there may be 
intervention, management, and peer support available. 

Table 1 Participant characteristics
n (%)

Age
Mean 42
Range 23–72
State/territory
Victoria 40 (53%)
New South Wales 15 (20%)
Queensland 5 (7%)
Australian Capital Territory 5 (7%)
South Australia 4 (5%)
Western Australia 4 (5%)
Tasmania 2 (3%)
Metro/rural
Metro 61 (81%)
Regional/rural 14 (19%)
Children
Y 62 (83%)
N 13 (17%)
Country of birth
Australia 61 (81%)
Other 14 (19%)
Language spoken at home
English only 60 (80%)
Language other than
English

15 (20%)

Gender
Female 66 (88%)
Male 9 (12%)
TOTAL 75

Table 2 Deciding which conditions to include
Illustrative quote

Every condition 
should be 
included

Quote 1: “I actually don’t think there is a genetic pre-
sentation unless it’s without manifestation that doesn’t 
deserve some level of attention.” [FG1 P8]
Quote 2: “…I would just want as many conditions as 
possible to be tested…treatable or not treatable, severe 
or not severe, anything that can be included that’s pos-
sible I would really hope for…I would just hope that as 
much as possible could be included.” [FG2 P4]

Who should 
decide which 
conditions to 
include

Quote 3: “I don’t have any lived experience directly of 
any conditions, and I think the opinions of people who 
live, maybe, with these conditions might be, I think that 
their opinions may in some way be more valuable than 
mine…so maybe getting more opinions than just, like 
the people who have had more of a lived experience of 
this would be really, really helpful, I think. I want to defer 
more to them…” [FG3 P2]
Quote 4: “…it’s really more up to the medical profession, 
yeah, I don’t have that medical background so they 
would know best what to screen for…” [FG6 P2]

Parents should 
be able to 
choose which 
conditions to 
include

Quote 5: “I’m all about choice, especially in healthcare, 
but informed choice and decision making…” [FG7 P2]

Conditions 
should be 
‘grouped’ to 
allow for easier 
decisions

Quote 6: “I think categories [of conditions] would be 
great, but then that has to come along with extra educa-
tion, extra counselling in the beginning so that people 
can make a choice. So yes, I think it’s a good idea, but it’s 
another level of informing the public about what they 
can choose, what they can opt out of, what the conse-
quences are if they do opt out of certain things.” [FG3 P1]
Quote 7: “…maybe it needs to be a two-part testing 
where you can opt to have just the first bit where, you 
know, it’s curative or you’re preventing, you know, severe 
disease and disability, or you’re all in.” [FG7 P2]
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They also recognised that just because there was no treat-
ment currently available, there may be in the future.

In relation to adult-onset conditions in particular, par-
ticipants displayed strong views in both directions about 
whether or not they should be included, with some feel-
ing that adult-onset conditions were not appropriate to 
screen at the newborn stage (Table 3, Quote 3), and oth-
ers seeing high value in knowing this information early in 
life (Table 3, Quote 4). Irrespective of their preferences, 
participants agreed that if prioritisation of conditions 
was necessary, childhood-onset conditions were more 
important to include than later-onset conditions.

When prompted to discuss whether penetrance of a 
condition (the likelihood of it developing) was an impor-
tant factor in deciding whether it should be included in 
gNBS, views again were mixed. While some stated that 
all conditions, irrespective of the likelihood of the con-
dition developing, were important to include (Table  3, 
Quote 5), others conveyed a strong preference for pri-
oritising conditions with a higher certainty of develop-
ing (Table  3, Quote 6). Participants also recognised the 
increased parental anxiety associated with receiving such 
an uncertain result from gNBS, and that estimates of 
penetrance may not be accurate or even available for all 
conditions.

While participants recognised that the severity of a 
condition may not always be able to be accurately pre-
dicted, some viewed this as an important factor in 
deciding whether to screen for the condition at birth 
(Table  3, Quotes 7 and 8). Others preferenced all con-
ditions equally, regardless of their severity (Table  3, 
Quote 9). Participants had trouble deciding whether to 
include conditions for which severity was hard to predict 
(Table 3, Quote 10).

Participants were divided on whether the frequency of 
a condition should determine whether it is included in 
gNBS. Some felt that more common conditions should be 
prioritised, whereas others recognised the importance of 
including rare and very rare conditions as well (Table 3, 
Quote 11).

Participants discussed their concerns regarding the 
accuracy of gNBS, with several suggesting that only con-
ditions for which an accurate genomic result could be 
produced should be included (Table  3, Quote 12). They 
expressed concern for potential unnecessary anxiety and 
distrust that low levels of test accuracy would generate. 
However, others were more open to receiving false posi-
tives and false negatives if it meant receiving more infor-
mation about conditions overall (Table 3, Quote 13).

In addition to certain criteria for deciding whether to 
include a condition in the gNBS panel, some participants 
suggested that screening could also be based on family 
history (Table  3, Quote 14). However, some saw issues 
with this in that both biological parents might not always 

be available to provide family history information, and 
for some conditions there may not be a prior family his-
tory. While there were many views about what should 
and should not be included, when asked to prioritise, 
participants generally supported childhood onset, severe, 
treatable, highly penetrant conditions being prioritised.

Cost and funding
Focus groups discussed their views on how gNBS could 
be funded. Illustrative quotes are shown in Table 4.

Overwhelmingly, participants agreed that gNBS should 
be fully publicly funded, and that parents should not be 
asked to pay anything out of pocket to access screening 
(Table 4, Quote 1). This appeared to be motivated by the 
impression that if parents were asked to pay, significant 
health inequities could arise as a result. In fact, par-
ticipants perceived that gNBS had potential to save the 
health system money in the long run and was therefore 
worthy of government funding (Table 4, Quote 2). They 
recognised that early intervention reduced longer term 
healthcare costs, and so felt gNBS would be beneficial in 
this regard.

Alternative models of funding suggested by partici-
pants included partially subsidising gNBS through gov-
ernment funding (Table  4, Quote 3). Several different 
approaches were suggested, including partially subsi-
dising the screening test for all children; means-testing 
screening (i.e., subsidising only for disadvantaged fami-
lies); subsidised for certain groups such as those with a 
family history (Table  4, Quote 4); or subsidising only a 
small set of conditions (Table 4, Quote 5), and allowing 
families to pay to include additional conditions.

Participants suggested that gNBS is so important that 
until public funding is available, as an interim measure, 
parents should have the option of gNBS even if it means 
they have to pay (Table 4, Quote 6).

Participants raised that if the government were to fund 
gNBS, funding would also need to cover support for 
babies diagnosed with genetic conditions through gNBS 
(Table 4, Quotes 7 and 8). These included treatments and 
therapies for the conditions diagnosed through gNBS, 
which would add to the overall cost of the program.

Discussion
This work highlights important tensions that our partici-
pants held about potential trade-offs between cost and 
which conditions to offer as part of a gNBS program. A 
strength of our approach was that we did not limit dis-
cussions by proposing specific ways to decide which 
conditions should be screened or how to fund gNBS 
programs. This enabled participants to propose their 
own suggestions and revealed some of their underlying 
assumptions about the necessity to limit the number of 
conditions to be screened.
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Could parents be allowed to choose which conditions to 
include in gNBS?
For the participants in our study, decisions about which 
conditions to include in a gNBS program rested on 
whether parents would be able to make choices about 
which conditions were screened in their child within the 
program. Regarding parental choice about conditions 
included in the gNBS program, participants identified 
two potential models: (1) the program screens for a set 
list of conditions (i.e., no parental choice); and (2) the 
program allows some flexibility for individual parents/
families to decide which conditions are screened. In the 
former option, participants assumed that some external 
expert(s) would decide, whereas in the latter, it is unclear 
whether participants appreciated that although each par-
ent or family would be allowed choice, this would still be 
from a set, albeit longer (and with less stringent criteria) 
list of expert-approved conditions.

Allowing parents to choose which conditions they want 
to screen their infant for would impact service deliv-
ery in several ways. Allowing such individualisation of 

screening panels will require greater education of parents 
and greater support for their decision making. It would 
impact the level of informed consent required for gNBS, 
potentially requiring a more detailed consent process the 
more conditions are offered, affecting scalability and cre-
ating complexity in testing processes. Our participants 
suggested ‘grouping’ conditions to allow such decisions 
to be made more easily by parents. This aligns with the 
proposals of others of a tiered approach to informed con-
sent for genomic sequencing, whereby individuals can 
opt to receive results from some tiers (or groups of con-
ditions) and not others [12]. 

If the set list of conditions is limited, which ones should be 
included?
If instead screening is limited to a set list of conditions, 
which parents could either choose to opt-in or opt-out of 
as a whole, the decision about which conditions should 
be screened is perhaps even more critical. In our study, 
participants saw benefits in screening for all types of 
conditions, including those which were untreatable, 

Table 3 Criteria for which conditions to include
Criteria Illustrative quote
Treatability of 
the condition

Quote 1: “We know that we can screen for many different diseases but we don’t have treatments and cures for many diseases so you’re po-
tentially sort of coming up with a genetic diagnosis at a young age for a young child with the parents then being faced with not having any 
treatment for that child or for treatment outcomes I think would be my main hesitation I think with offering it as a newborn level.” [FG6 P4]
Quote 2: “I think it’s important not to just identify cases where there is a treatment because I do still think it’s significant for families regard-
less of treatment…if you do have a child that has a terminal diagnoses it’s still important that odyssey to find out what it is.” [FG1 P1]

Age of onset of 
the condition

Quote 3: “I think that that’s something that adults should be allowed to decide for themselves…I don’t think it’s up to the parent to decide 
that it’s their right to obtain that information. That’s not something that I would want my parents to decide for myself at an early age…” 
[FG7 P2]
Quote 4: “I think even if it’s something that’s going to affect someone later in life, it should be detected early in childhood because it could be 
a family history there that could be detected through this and it could make life a bit easier for the adults if it is detected.” [FG2 P1]

Penetrance 
(likelihood of 
developing the 
condition)

Quote 5: “I think if you’re telling people or families that their child may or may not be affected by a disorder…I think that if they are then 
told what the expected course of the disease might be then they may recognise the symptoms earlier than they would have if they didn’t 
know…I think it leads to a better life for that child if the parents know what to look out for than if you don’t tell them.” [FG1 P4]
Quote 6: “…if I had a child and I was told, “You know, they may have this really terrible incurable condition, but they may not,” I, as a person 
with anxiety, would be stressing about that 24/7. That is the type of thing that keeps me up at night, so I would stress a lot and I can imag-
ine there would be other people like me out in the world that would be just worried all the time about it.” [FG10 P1]

Severity of the 
condition

Quote 7: “…it should be based on the seriousness of the condition that’s being tested for…” [FG5 P3]
Quote 8: “And for me, I would want to know, the most important ones would be the more debilitating conditions, anything that’s going to 
affect my child’s mortality, and anything that’s going to affect their ability to have, again, normal-ish life.” [FG5 P6]
Quote 9: “Just because something is considered mild, doesn’t mean it may or may not need support in the future…And so I think whether 
they’re mild or more severe cases of each thing, it would still be important to be able to get support for these kinds of things. I suppose just in 
the future for that child because mild things in anything really doesn’t mean you don’t need help or support with that.” [FG12 P5]

Variability of the 
condition

Quote 10: “But also there’s a lot of conditions that have a lot of variability…Where some people will go through their whole lives and not 
know they even have it, but some people just get unlucky.” [FG8 P4]

Frequency of 
the condition

Quote 11: “…there’s so many conditions out there…I guess maybe I could say, yeah, the ones that there’s lots of them, but then again 
maybe it’s more important to recognise the ones that there’s not lots of them…” [FG15 P3]

Accuracy of 
gNBS for the 
condition

Quote 12: “…unless it’s completely accurate and we know what’s really likely to happen, it’s that, the alarm factor and who wants to be 
unnecessarily alarmed or feel unnecessarily alarmed if the accuracy of the initial testing is not as great as it should be. Is genomics ready 
enough to provide such definite answers now?” [FG9 P1]
Quote 13: “I think in every experiment, there are always chances of those undesired results. So the more we can reduce the probability of 
having those false negative or false positive, it’s better. And I think with time, it will improve, in my opinion.” [FG13 P1]

Testing based 
on family 
history

Quote 14: “I’m more thinking from the funding point…maybe there’s an option like Medicare in future, maybe can fund some of the general 
conditions testing for everyone, then the parents can base it on family medical history to select certain types to add onto these, applicable 
to everyone, like they have option to have a general test and plus a specific test for their own family conditions.” [FG10 P2]
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mild, variable, and had onset in adulthood. However, if 
asked to prioritise, participants recognised that treat-
able, severe, early-onset, and highly penetrant conditions 
should be included over others.

In deciding which conditions to include in this type of 
list, lessons can be learned from other population-wide 
genomic sequencing programs such as reproductive car-
rier screening [13] and other gNBS projects [14–18]. 
Gene list development for such other programs has 
involved consultation with a variety of stakeholders, 
including clinical geneticists, genetic counsellors, labora-
tory geneticists, and other specialists [13–18]. Some have 
engaged ethicists and parents [13] as well as the public 
[14] in the decision-making process, although patient 
support organisations should also be included in these 
discussions.

Existing gene lists proposed for gNBS programs are 
highly variable, but tend to be based on similar cri-
teria of test validity, treatability, and age of onset of 

disease [15–18]. These programs have generally chosen 
to include only conditions which are severe (having a 
significant risk for morbidity or mortality [15, 18]), have 
onset in early childhood [15–18], and for which an effec-
tive treatment or intervention is available [15–18]. Rec-
ommendations from bodies such as the Global Alliance 
for Genomics and Health also suggest that gNBS should 
be limited to conditions with early onset and that would 
benefit from early intervention [19]. 

Other gNBS programs have also recognised the 
importance of having accurate testing for all conditions 
or variants screened, with strong supporting evidence 
for genotype-phenotype correlation [15, 16, 18]. Our 
focus group participants were cognisant of the potential 
increased anxiety that receiving an uncertain or inaccu-
rate result could cause new parents, and wanted reliable 
results for conditions if they were to be included. This 
may reflect the public’s, at time, unrealistic expectations 
of the accuracy of genomic sequencing in this setting and 
therefore the readiness of inclusion of genomics in new-
born screening. Although research is needed to assess 
these misconceptions in more detail, this provides us 
with some insight into the future educational needs prior 
to implementation. Interestingly, although one study sug-
gested false positive results for standard NBS were asso-
ciated with emotional distress for parents [20], others 
have shown no difference in anxiety or stress in mothers 
receiving false positive results compared with true posi-
tive or negative results [21]. This discrepancy is likely to 
be because the distress was primarily due to poor com-
munication of the information by the healthcare provider 
[22]. Finally, frequency of a condition was not a strong 
deciding factor for participants as to whether it should be 
included in gNBS panels; this is reflected in other gNBS 
programs, whereby conditions are not prioritised based 
on how common or rare they are [15–18]. 

Including untreatable conditions
Interestingly, participants’ desire to include both treat-
able and untreatable conditions in a gNBS panel does not 
align with current recommendations, nor most existing 
gNBS programs (with the BabySeq Project in the US an 
outlier [16]). The question of whether to include untreat-
able conditions in such programs is contentious as guide-
lines state that the primary purpose of NBS should be 
early intervention (and even prevention) for conditions 
with treatability as a key criteria [19]. Yet results previ-
ously published from this study show that participants 
recognise that knowing about conditions for which no 
treatment is available also has benefits, such as: the 
avoidance of a lengthy diagnostic odyssey and unneces-
sary testing and investigations; allowing time for parents 
to adjust to the diagnosis and make changes to their life-
style accordingly; and providing information which may 

Table 4 Cost and funding
Illustrative quote

gNBS should 
be publicly 
funded

Quote 1: “I don’t think you could ethically offer something 
like this and not make it accessible to all, or just make 
it accessible for those who could afford it. It would be a 
non-starter. I would rather not have that system at all, if 
it’s only going to be available to people who had middle-
class income or higher.” [FG5 P1]
Quote 2: “…not just the intervention and further costs 
down the track, but also the diagnosis, that can be very 
costly because there’s a range of specialists and people 
involved to determine what the issue could be. So if that 
was determined from birth, that would be a great cost 
benefit.” [FG11 P1]

gNBS could 
be partially 
subsidised

Quote 3: “I wonder as well if there’s any option, like…if you 
are financial disadvantaged, could Medicare cover this for 
you? And then if you have the money to pay for it you just 
have to pay for it yourself if you want it.” [FG2 P4]
Quote 4: “…if there has to be criteria around it, then it 
should be put back into I guess that documented medical 
history of family, or immediate family around it.” [FG5 P2]
Quote 5: “Obviously it would be nice if it was all covered 
by Medicare…But in our realistic world, it sounds like it’s 
going to be super-duper expensive. So yeah, I think a com-
promise to that would be, “Okay, here are the, we’re going 
to test for these top 50 conditions, and then if you want to 
test for this and this and this, it’s optional, but it’s an extra 
charge,” and people can decide for themselves.” [FG5 P6]

gNBS should 
still be offered 
even if people 
have to pay

Quote 6: “…if it could be available earlier on to some 
people, like do you withhold it from some people who can 
pay, just because others can’t? I think that’d be, you’ve got, 
there’s a whole lot of moral dilemmas there.” [FG3 P2]

Funding is 
required 
for support 
following a 
diagnosis from 
gNBS

Quote 7: “…having the information is all very well, but you 
need the services available to actually offer the therapy 
and so on.” [FG8 P1]
Quote 8: “…potentially there’s going to be more families 
that get a diagnosis early on in a fairly tricky, a fairly chal-
lenging time of parenting…And just ensuring that there’s 
the workforce to support that I think would be really 
important.” [FG15 P2]
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be used for reproductive planning [8]. This raises ques-
tions about whether it is justifiable not to offer to screen 
for untreatable conditions when some parents would find 
it valuable and it is possible to do so. It also highlights the 
challenges of determining the extent to which public per-
spectives can and should be incorporated into screening 
programs and/or policy. Further work is needed to assess 
whether prospective parents would actually choose to 
receive information about untreatable conditions if they 
were available in order to help determine whether it is 
worth exploring offering it.

Even if there is agreement that treatability is a critical 
criterion, determining what this means is not straight-
forward. Others have examined the concept of treatabil-
ity (or actionability) in the context of genomic secondary 
findings [23]. Richer and colleagues suggest that the defi-
nition of actionability in childhood should be based on 
the proportion of cases that present in childhood, as 
well as the quality of the evidence supporting any avail-
able treatments or intervention [23]. Interestingly, our 
participants saw that treatability could mean anything 
from a medication available to an early intervention 
measure (such as additional education support). These 
various concepts of treatability or actionability further 
complicate decisions about criteria for deciding which 
conditions to include in gNBS. This was indeed the most 
common reason for discrepancies between existing gNBS 
panels in a recent comparison [15], and therefore a factor 
that will need to be considered carefully based on both 
current research and local context.

Assessing severity
While our participants saw benefits in screening for less 
severe conditions, most gNBS programs prioritise severe 
conditions over their mild counterparts [14, 15, 18, 19]. 
However, some authors have raised concerns over the 
very concept of severity, noting that a clear definition 
is lacking [24]. Newson and Dive suggest that using a 
concept such as severity (or seriousness) of a condition 
requires deep ethical and conceptual analysis and should 
take into account the views of health professionals and 
those living with the condition [24]. Importantly, they 
highlight that conditions should not be categorised into 
universally-applicable ‘buckets’ based on severity, but 
that descriptions of severity instead need to incorpo-
rate complex social, cultural and environmental factors 
unique to each context and potentially each individual 
impacted.

These varying perceptions of severity may be reflected 
in our data, where participants had diverse views about 
whether severity should be used as a factor in deciding 
whether to include a condition in a gNBS panel. Fur-
thermore, participants’ perceptions of severe appeared 
to include concepts ranging from ‘debilitating’, ‘affecting 

mortality’, or ‘affecting a child’s ability to have a normal 
life’ [FG5 P6], to simply ‘needing support’ [FG12 P5].

Cost and funding
Ultimately, decisions about which conditions to include 
in gNBS panels – and how much flexibility to allow indi-
vidual families to pick and choose the results they want 
to receive – may come down to funding. Traditionally, in 
public health programs, funding is limited and prioriti-
sation of what is offered is required [19]. Programs with 
greater in-built individualisation are likely to require 
greater resources to implement and deliver both the ser-
vice and its downstream consequences. A trade-off may 
therefore be required between tailorability and popula-
tion-wide benefit.

In Australia, standard newborn screening (stdNBS) 
is funded for all infants [25]. However, its costs are low, 
at less than $5 per infant, including downstream costs 
[26]. gNBS is likely to be at least 50 times more expen-
sive [5]. Despite knowing this, in focus groups, partici-
pants demonstrated strong preferences for gNBS to be 
publicly funded to mitigate potential inequities and to 
benefit the taxpayer overall by saving healthcare costs in 
the long term. They also wanted additional public fund-
ing to be allocated for support services for those who 
receive a diagnosis of a genetic condition through gNBS. 
Other guiding bodies have highlighted justice and equity 
of access as a key consideration in the development of 
gNBS programs, reflecting that the success of such pro-
grams is predicated on their availability to all [19]. Simi-
larly, Genomics England identified equity of access to 
treatment as a key principle guiding decisions about 
which conditions to include in their gNBS panel; that is, 
they concluded that conditions screened for should only 
include those for which the interventions are equitably 
accessible for all [14]. 

Some parallels may be drawn here between gNBS 
and the introduction of other new genomic technolo-
gies, such as prenatal cell-free DNA (cfDNA) screening 
and reproductive genetic carrier screening. In Australia, 
screening for chromosomal conditions during pregnancy 
is subsidised by the government for all pregnant people 
in the form of first-trimester combined screening [27]. 
Prenatal cfDNA screening – a more accurate screening 
test available slightly earlier in pregnancy – is available 
at a cost to families, with no government subsidisa-
tion currently available [27]. Similarly, various forms of 
reproductive genetic carrier screening – from only a few 
to hundreds or thousands of conditions – is available at 
a cost to prospective parents in Australia, while screen-
ing for the three commonest conditions (cystic fibrosis, 
spinal muscular atrophy and Fragile X syndrome), is pub-
licly funded [28]. 
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Despite their strong desire for public funding, partici-
pants recognised that partial government subsidisation 
or private payment may be required as an interim mea-
sure. Other gNBS programs have approached this issue 
by using gNBS as an adjunct to stdNBS, rather than a 
replacement, as supported by global recommendations 
[19]. While most stdNBS programs screen for less than 
50 conditions, genomic sequencing technologies allow 
the inclusion of hundreds, if not thousands, of additional 
conditions, at potentially very little incremental cost. 
Deciding which – and how many more – conditions to 
offer for screening presents a fine balance between cost, 
ethics, and practical limitations of testing. We may con-
sider that, at least at the outset, gNBS could follow a 
similar implementation trajectory to other new genomic 
technologies – such as prenatal cfDNA screening and 
reproductive carrier screening – whereby stdNBS is still 
funded for all infants, and gNBS is offered as an addi-
tional option to those willing to pay. However, this is 
likely not ethically appropriate in the long-term; should 
gNBS be shown to improve health outcomes, all babies 
should have access to this technology.

Conclusion
The increasing availability and decreasing cost of 
genomic sequencing technologies has led to many dis-
cussions about expanding the number of conditions 
screened for in NBS programs. Our findings show that 
members of the public generally support expansion of 
the number of conditions that are included in newborn 
screening programs and inclusion of both treatable 
and untreatable childhood onset conditions. While it is 
tempting to adopt a more inclusive, broader approach to 
such screening programs, we must consider the poten-
tial impact that offering a wider scope of conditions may 
have on uptake of screening. It is therefore important 
that decisions about which conditions to include care-
fully consider both expert and public opinion. Our study 
provides insight into these opinions of the Australian 
public in order to inform such decisions.

How many conditions are included in a gNBS program 
will be a complex decision requiring detailed evaluation 
of costs and benefits alongside public and professional 
engagement. Our participants were highly in favour 
of gNBS being government funded, although they did 
appreciate the challenges associated with this. Future 
work should examine the nuances of the trade-offs 
required between cost, ethics, and practical limitations 
of screening to provide a gNBS program that meets the 
expectations of all key stakeholders whilst maintaining 
the high public trust currently held in stdNBS.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40246-024-00611-x.

Supplementary Material 1

Acknowledgements
The authors thank the participants for their involvement.

Author contributions
Conceptualization: F.L., S.B., C.Ga., L.D., A.A., C.Gy., I.G., R.P., S.L., Z.S., D.V.; 
Data collection: F.L., D.V.; Formal analysis: F.L., D.V.; Funding acquisition: S.B., 
C.Ga., L.D., A.A., C.Gy., I.G., J.S., S.L., Z.S., D.V.; Methodology: F.L., D.V.; Project 
administration: F.L., Z.S., D.V.; Writing-original draft: F.L., D.V.; Writing-review & 
editing: F.L., S.B., C.Ga., L.D., A.A., C.Gy., I.G., R.P., J.S., S.L., Z.S., D.V.

Funding
The authors acknowledge the infrastructure funding received from the 
Victorian State Government through the Operational Infrastructure Support 
(OIS) Program. This work was funded by the Australian Government through 
the Medical Research Future Fund, as part of the Genomics Health Futures 
Mission (Grant number GHFM2015937). This research was funded in whole, 
or in part, by the Wellcome Trust [Grant number WT203132/Z/16/Z]. For the 
purpose of open access, the author has applied a CC BY public copyright 
license to any Author Accepted Manuscript version arising from this 
submission.

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was reviewed and approved by The Royal Children’s Hospital 
Human Research Ethics Committee (HREC ID: 91392). Participants provided 
voluntary, informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Biomedical Ethics Research Group, Murdoch Children’s Research 
Institute, Parkville, VIC 3052, Australia
2Melbourne Law School, The University of Melbourne, Melbourne,  
VIC 3052, Australia
3Sir Peter MacCallum Cancer Centre Dept of Oncology, University of 
Melbourne, Melbourne, VIC 3052, Australia
4Australian Genomics, Melbourne, VIC 3052, Australia
5School of Health Sciences, University of Melbourne, Melbourne,  
VIC 3052, Australia
6Murdoch Children’s Research Institute, Parkville, VIC 3052, Australia
7Melbourne Genomics, Melbourne, VIC 3052, Australia
8Department of Paediatrics, Faculty of Medicine, Dentistry and Health 
Sciences, The University of Melbourne, Melbourne, VIC 3052, Australia
9Victorian Clinical Genetics Services, Murdoch Children’s Research 
Institute, Parkville, VIC 3052, Australia
10Economics of Genomics and Precision Medicine Unit, Centre for Health 
Policy, Melbourne School of Population and Global Health, The University 
of Melbourne, Melbourne, VIC 3052, Australia
11Centre for Biomedical Ethics, Yong Loo Lin School of Medicine, National 
University of Singapore, Singapore 117597, Singapore
12Uehiro Chair of Practical Ethics, The Oxford Uehiro Centre for Practical 
Ethics, Oxford University, Oxford OX1 1PT, UK
13Department of Pathology, The University of Melbourne, Melbourne,  
VIC 3052, Australia

https://doi.org/10.1186/s40246-024-00611-x
https://doi.org/10.1186/s40246-024-00611-x


Page 9 of 9Lynch et al. Human Genomics           (2024) 18:45 

14Centre for Biomedical Ethics and Law, Department of Public Health and 
Primary Care, KU Leuven, Leuven 3000, Belgium

Received: 13 February 2024 / Accepted: 17 April 2024

References
1. Stark Z, Scott RH. Genomic newborn screening for rare diseases. Nat Rev 

Genet. 2023.
2. Wilson JMG, Jungner G, Organization WH. Principles and practice of screen-

ing for disease. 1968.
3. Bick D, Ahmed A, Deen D, Ferlini A, Garnier N, Kasperaviciute D, et al. New-

born screening by genomic sequencing: opportunities and challenges. Int J 
Neonatal Screen. 2022;8(3):40.

4. Andermann A, Blancquaert I, Beauchamp S, Déry V. Revisiting Wilson and 
Jungner in the genomic age: a review of screening criteria over the past 40 
years. Bull World Health Organ. 2008;86(4):317–9.

5. Vears DF, Savulescu J, Christodoulou J, Wall M, Newson AJ. Are we ready for 
whole Population genomic sequencing of asymptomatic newborns? Phar-
macogenomics Personalized Med. 2023;16:681–91.

6. King JR, Notarangelo LD, Hammarström L. An appraisal of the Wilson & Jung-
ner criteria in the context of genomic-based newborn screening for inborn 
errors of immunity. J Allergy Clin Immunol. 2021;147(2):428–38.

7. Andermann A, Blancquaert I, Beauchamp S, Costea I. Guiding policy 
decisions for genetic screening: developing a systematic and transparent 
approach. Public Health Genomics. 2010;14(1):9–16.

8. Lynch F, Best S, Gaff C, Downie L, Archibald AD, Gyngell C et al. Australian 
public perspectives on genomic newborn screening: risks, benefits, and 
preferences for implementation. Int J Neonatal Screen. 2024;10(1).

9. Biomedical Ethics Research Group. Implementing genomics into newborn 
screening programs. YouTube2023.

10. Vears DF, Gillam L. Inductive content analysis: a guide for beginning 
qualitative researchers. Focus Health Prof Education: Multi-disciplinary J. 
2022;23(1):111–27.

11. QSR International Pty Ltd. NVivo qualitative data analysis software. 14 ed2023.
12. Koplin JJ, Gyngell C, Savulescu J, Vears DF. Moving from ‘fully’ to ‘appropri-

ately’ informed consent in genomics: the PROMICE framework. Bioethics. 
2022;36(6):655–65.

13. Kirk EP, Ong R, Boggs K, Hardy T, Righetti S, Kamien B, et al. Gene selection for 
the Australian reproductive genetic carrier screening project (Mackenzie’s 
Mission). Eur J Hum Genet. 2021;29(1):79–87.

14. Genomics England. 2023. https://www.genomicsengland.co.uk/news/
genomics-england-announces-list-of-rare-conditions-to-be-included-in-
world-leading-research-study.

15. Downie L, Bouffler SE, Amor DJ, Christodoulou J, Yeung A, Horton AE et al. 
Gene selection for genomic newborn screening: moving towards consensus? 
Genetics in Medicine. Under review.

16. Ceyhan-Birsoy O, Machini K, Lebo MS, Yu TW, Agrawal PB, Parad RB, et al. A 
curated gene list for reporting results of newborn genomic sequencing. 
Genet Sci. 2017;19(7):809–18.

17. Milko LV, O’Daniel JM, DeCristo DM, Crowley SB, Foreman AKM, Wallace KE, et 
al. An age-based framework for evaluating genome-scale sequencing results 
in newborn screening. J Pediatr. 2019;209:68–76.

18. Kingsmore SF, Smith LD, Kunard CM, Bainbridge M, Batalov S, Benson W, et al. 
A genome sequencing system for universal newborn screening, diagno-
sis, and precision medicine for severe genetic diseases. Am J Hum Genet. 
2022;109(9):1605–19.

19. Friedman JM, Cornel MC, Goldenberg AJ, Lister KJ, Sénécal K, Vears DF, et 
al. Genomic newborn screening: public health policy considerations and 
recommendations. BMC Med Genom. 2017;10(1):9.

20. Green JM, Hewison J, Bekker HL, Bryant LD, Cuckle HS. Psychosocial aspects 
of genetic screening of pregnant women and newborns: a systematic review. 
Health Technol Assess. 2004;8(33):iii. ix-x.

21. Tluczek A, Ersig AL, Lee S. Psychosocial issues related to newborn screening: a 
systematic review and synthesis. Int J Neonatal Screen. 2022;8(4).

22. Boychuk NA, Mulrooney NS, Kelly NR, Goldenberg AJ, Silver EJ, Wasserstein 
MP. Parental depression and Anxiety Associated with Newborn Bloodspot 
Screening for Rare and Variable-Onset disorders. Int J Neonatal Screen. 
2022;8(4).

23. Richer J, Laberge A-M. Secondary findings from next-generation 
sequencing: what does actionable in childhood really mean? Genet Sci. 
2019;21(1):124–32.

24. Newson AJ, Dive L. Taking seriousness seriously in genomic health. Eur J Hum 
Genet. 2022;30(2):140–1.

25. Department of Health and Aged Care. About newborn bloodspot screening 
2023 [ https://www.health.gov.au/our-work/newborn-bloodspot-screening/
about.

26. Norman R, Haas M, Chaplin M, Joy P, Wilcken B. Economic evaluation of 
tandem mass spectrometry newborn screening in Australia. Pediatrics. 
2009;123(2):451–7.

27. Department of Health and Aged Care. Tests for probability of chro-
mosomal anomalies 2020 [ https://www.health.gov.au/resources/
pregnancy-care-guidelines/part-h-fetal-chromosomal-anomalies/
tests-for-probability-of-chromosomal-anomalies.

28. The Royal Australian College of Pathologists of Australia. Repro-
ductive screening for fragile X syndrome, spinal muscular atro-
phy and cystic fibrosis to be added to MBS 2022 [ https://www.
rcpa.edu.au/News-and-Media-Releases/Media-Releases/Docs/
Reproductive-screening-for-fragile-X-syndrome,-(1).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.genomicsengland.co.uk/news/genomics-england-announces-list-of-rare-conditions-to-be-included-in-world-leading-research-study
https://www.genomicsengland.co.uk/news/genomics-england-announces-list-of-rare-conditions-to-be-included-in-world-leading-research-study
https://www.genomicsengland.co.uk/news/genomics-england-announces-list-of-rare-conditions-to-be-included-in-world-leading-research-study
https://www.health.gov.au/our-work/newborn-bloodspot-screening/about
https://www.health.gov.au/our-work/newborn-bloodspot-screening/about
https://www.health.gov.au/resources/pregnancy-care-guidelines/part-h-fetal-chromosomal-anomalies/tests-for-probability-of-chromosomal-anomalies
https://www.health.gov.au/resources/pregnancy-care-guidelines/part-h-fetal-chromosomal-anomalies/tests-for-probability-of-chromosomal-anomalies
https://www.health.gov.au/resources/pregnancy-care-guidelines/part-h-fetal-chromosomal-anomalies/tests-for-probability-of-chromosomal-anomalies
https://www.rcpa.edu.au/News-and-Media-Releases/Media-Releases/Docs/Reproductive-screening-for-fragile-X-syndrome,-(1
https://www.rcpa.edu.au/News-and-Media-Releases/Media-Releases/Docs/Reproductive-screening-for-fragile-X-syndrome,-(1
https://www.rcpa.edu.au/News-and-Media-Releases/Media-Releases/Docs/Reproductive-screening-for-fragile-X-syndrome,-(1

	Australian public perspectives on genomic newborn screening: which conditions should be included?
	Abstract
	Background
	Methods
	Recruitment
	Data collection and analysis

	Results
	Participant demographics
	Deciding which conditions to include
	Criteria for which conditions to include
	Cost and funding

	Discussion
	Could parents be allowed to choose which conditions to include in gNBS?
	If the set list of conditions is limited, which ones should be included?
	Including untreatable conditions
	Assessing severity




