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Preface

As the application of genomics in the neonatal period accelerates, it is critical for the

global community to examine the ethical and psychosocial implications—both potential benefits

and potential harms—shaped by the scientific and resource allocation landscapes of the early

2020s. Genome-based technologies, ranging from large targeted panel screens to comprehensive

whole genome sequencing and innovative therapies, pose contextually nuanced opportunities and

challenges, while the calculus shifts when utilized in a neonatal intensive care unit versus a

mandated public health (PH) screening program. Navigating the complexities of decision-making

and counseling is essential for both ill and healthy neonates, especially when faced with high levels

of clinical variability and uncertainty, or limited access to care.

We are delighted to present this diverse collection of scholarly submissions relating to these and

other ethical and psychosocial aspects of neonatal genomics. The scope of inquiry for this Special

Issue is broad, including substantive peer-reviewed empirical research (quantitative, qualitative,

or mixed methodologies), reports of developing novel approaches to better evaluate or minimize

psychological distress, updated literature reviews, and brief commentaries with an ethical analysis.

In this Special Issue, themes of interest involving genomics in the PH NBS and/or NICU settings

include the following:

• International, regional, cultural, and comparative perspectives.

• Newborn population-based research on neurological, auditory, or other conditions not currently

screened for, with some not manifesting until later in childhood.

• Implications of secondary and incidental findings.

• Impact of variable phenotypes and uncertain prognosis, including age of onset.

• Uncertain or unknown genotype–phenotype correlation.

• Disclosure of adult-onset conditions.

• Balancing the best interests of the child with the interests and perspectives of the family and

society.

• Identifying and disclosing carrier status, including distinctions between true carriers and

individuals with variant risk alleles (1 or 2).

• Financial/reimbursement issues with universal health care systems versus non-government

run programs.

• Informed consent issues for public health initiative.

• Identification of risk when the diversity of the population is not yet adequately reflected in the

variant databases, including ascertainment bias.

• Criteria decision-point to expand conditions using newborn genome panels.

• Blurring the distinction between health, illness, disability, normalcy, and rarity.

• Diagnostic odyssey and “the diagnostic odyssey continuum” (the latter term used by Bush since

the 1980s to reflect the potential for uncertainty beyond diagnosis, extending to prognosis and

treatment).
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• Genomic information to eventually shift diagnosis or therapy to the prenatal period.

• Sequencing to inform management, including new genetic therapies.

Lynn Wein Bush and Olaf Bodamer

Guest Editors
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Ethical and Psychosocial Implications of Genomic
Newborn Screening

Harvey L. Levy 1,2

1 Division of Genetics and Genomics, Boston Children’s Hospital, Boston, MA 02115, USA;
Harvey.Levy@childrens.harvard.edu

2 Department of Pediatrics, Harvard Medical School, Boston, MA 02115, USA

Abstract: The potential for genomic screening of the newborn, specifically adding genomic screening
to current newborn screening (NBS), raises very significant ethical issues. Regardless of whether
NBS of this type would include entire genomes or only the coding region of the genome (exome
screening) or even sequencing specific genes, the ethical issues raised would be enormous. These
issues include the limitations of bioinformatic interpretation of identified variants in terms of
pathogenicity and accurate prognosis, the potential for substantial uncertainty about appropriate
diagnosis, therapy, and follow-up, the possibility of much anxiety among providers and parents, the
potential for unnecessary treatment and “medicalizing” normal children, the possibility of adding
large medical costs for otherwise unnecessary follow-up and testing, the potential for negatively
impacting medical and life insurance, and the almost impossible task of obtaining truly-informed
consent. Moreover, the potentially-negative consequences of adding genomic sequencing to NBS
might jeopardize all of NBS which has been and continues to be so beneficial for thousands of
children and their families throughout the world.

Keywords: genomic sequencing; ethics; interpretation; newborn screening

1. Evolution of Newborn Screening

Dr. Robert Guthrie, the founder of newborn screening (NBS), and I were sharing a
taxi in New York in the late 1980’s or early 1990’s heading for the airport when again he
brought up the subject of NBS for histidinemia. He had modified his famous bacterial
inhibition assay, the one he had developed for phenylalanine to identify phenylketonuria
(PKU), so that maple syrup urine disease (MSUD) and homocystinuria (HCU) could be
added to NBS. This latest modification semi-quantitatively measured histidine so that
now histidinemia could be added to NBS. But I knew histidinemia very well. In the
Massachusetts NBS Program we had identified many cases through urine screening [1]
and in my follow-up of these children I knew that histidinemia was benign [2], a disorder
that Archibald Garrod would have defined as a “metabolic sport” [3]. So I argued that
histidinemia should not be added to NBS, that screening for it would be of no benefit
and that indeed, it would result in much anxiety to the parents and clinicians, would
“medicalize” the children by falsely labeling then as having a disease, might result in
their being unnecessarily put on a difficult and expensive diet and therefore, it would
be unethical to screen for histidinemia. Guthrie was a brilliant medical researcher but
he was not a clinician and had never seen a child with histidinemia. Nevertheless, he
was so dedicated to preventing intellectual disability that he believed every case report
of disability, however misleading, and rejected every study to the contrary. NBS at that
time was only possible for disorders that led to disabilities, such as PKU, MSUD, HCU,
congenital hypothyroidism, congenital adrenal hyperplasia, and sickle cell disease so
ethics and psychosocial issues had not yet become major considerations.

A few years later, however, tandem mass spectrometry (MS-MS), which greatly
expanded NBS, came into being. With this technology a single assay could screen for

Int. J. Neonatal Screen. 2021, 7, 2. https://doi.org/10.3390/ijns7010002 https://www.mdpi.com/journal/ijns1
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many metabolic disorders rather than each disorder requiring its own assay. It soon
became clear that although this technology added many important disorders to NBS and
prevented substantial disability as well as sudden death, expanded NBS (ENBS) also
resulted in identifying benign disorders and benign mild variants of otherwise disabling
disorders. In fact, it is likely that the majority of infants identified by MS-MS have a
benign finding [4–6]. This raised issues such as what to report to attending physicians,
which findings should be called to the attention of parents, which findings required
confirmatory assessment and perhaps treatment, and how parents received and perceived
this information. Thus, ethical and psychosocial concerns became major considerations in
NBS [7,8].

Robert Guthrie was a genius. Like so many geniuses he came to an idea and then
devoted his life to making this idea a reality that changed the world. His development of
newborn screening required two components—a test which was the bacterial inhibition
assay that semi-quantitatively measured phenylalanine and a blood specimen that could
easily and safely be obtained from the newborn infant and readily transported to a
central laboratory [9]. Of these two components, Guthrie maintained that the one he
would be best remembered for was the filter paper blood specimen, for he correctly
recognized that the bacterial assay would be replaced but the dried blood specimen
would remain and allow for many additional tests that would benefit babies and their
families [10]. Indeed, that has been true. From its beginning as a single screening for
PKU, additional tests were added in stages. First, in the mid- and late-1960’s bacterial
assays that would identify galactosemia, MSUD, and HCU, then, in the mid 1970’s, a
test for congenital hypothyroidism was added, followed by tests for sickle cell disease
and congenital adrenal hyperplasia in the late 1970’s, biotinidase deficiency in the 1980’s
and early 1990’s, cystic fibrosis and then tandem mass spectrometry in the late 1990’s
and early 2000’s, and, most recently, NBS for severe combined immunodeficiency, Pompe
disease, adrenoleukodystrophy, mucopolysaccharidosis type 1, and spinal muscular
atrophy. However, even Guthrie could but imagine how valuable the blood “spot” would
turn out to be and that it would be used for many things beyond NBS, including genomic
sequencing.

In 1987 McCabe and colleagues set the stage for sequencing by recognizing that since
the blood impregnated within the filter paper was whole blood it contained DNA. They
then developed a method for extracting the DNA [11]. Subsequently, dried blood in filter
paper became used for molecular diagnosis in patients with clinical symptoms [12] and,
most recently, a number of studies have examined next-generation sequencing in the
dried blood specimens for the possibility that it could be used in NBS [13–16].

2. Potential Applications of Genomics Screening

There are several potential applications of next-generation sequencing in NBS [17,18].

2.1. Targeted Genotyping

This application would be to either analyze a panel of known pathogenic gene
variants in a single gene or to sequence the entire coding sequence of a selected set of
genes. The former is used today in some NBS programs for second-tier screening, i.e.,
to follow an abnormal initial NBS result for cystic fibrosis, galactosemia, or medium
chain acyl-CoA dehydrogenase deficiency in order to better define the initial abnormality.
Sequencing an entire coding sequence of selected genes would, of course, potentially
identify more infants with genetic disorders than NBS currently identifies but might also
result in identifying many more infants with benign disorders as well as infants with
variants of undefined significance (VUS), the vast majority of which are simply normal
nucleotide variations but for which required costly and lengthy follow-up and continued
uncertainty could overwhelm the system.

2



Int. J. Neonatal Screen. 2021, 7, 2

2.2. Genome-Wide Sequencing

This could be either whole-exome sequencing (WES), i.e., sequencing only the coding
sequences (exons) in the genome or whole-genome sequencing (WGS), i.e., sequencing
the entire genome, all three billion nucleotides. Both of these possibilities offer the
advantage of detecting virtually any genetic disorder but the very significant disadvantage
of resulting in even many more VUSs than sequencing only selected genes (see above) and
requiring confirmatory evaluations and likely still-inconclusive results with perhaps long
periods of follow-up and additional testing in very large numbers of clinically-normal
infants. If targeted sequencing could overwhelm the follow-up system, the far more
extensive demands for follow-up of genome-wide sequencing could not imaginably be
accommodated by the current follow-up system.

3. Ethical and Psychosocial Implications

The potential for genomic NBS has raised ethical and psychosocial concerns to a
new level. The original NBS included only a very few disorders. ENBS included many
more disorders but all of a metabolic nature. Genomic NBS, however, could expand
NBS beyond anything originally imagined. Certainly, many more metabolic disorders
could be identified but beyond metabolics, genomic NBS could include a huge number of
non-metabolic clinical genetic disorders such as developmental defects, cerebral malfor-
mations, genetic causes of epilepsy, immunologic disorders, and hematologic disorders.
One can imagine the ethical and psychosocial concerns raised by this degree of NBS
expansion. Among the questions would be the purpose of identifying so many of these
disorders in phenotypically-normal newborn infants, whether the negative effects would
outweigh any good from genomic sequencing, whether bioinformatics would allow the
precision of interpretation required to identify important findings and exclude insignifi-
cant changes, whether interpretation of the genotypic results could predict outcomes with
any degree of accuracy, how the information derived from genomic sequencing could be
best acted upon, and how the information would be received and perceived by physicians
and, especially, by parents.

Thus it is fitting for the International Journal of Neonatal Screening (IJNS) to devote
this issue to ethical and psychosocial issues of NBS. These issues include the diagnostic
and prognostic dilemmas of variant interpretation, how to handle the identification of
carriers, identifying benign variants with the inevitable uncertainty and anxiety that
this produces, unnecessary treatment, the potential for very large additional medical
costs of confirmatory testing and unnecessary treatment, the identification of late-onset
disorders with the need for continuous follow-up and uncertainty of early therapy, the
need for informed consent and the difficulty of providing the correct information for
appropriate consenting, the potential for adverse long-term consequences of insurance
for the family as well as the infant, the need for additional geneticists and other specialists
to handle, educate, and treat these newly-detected newborns, and the dreaded possibility
that standard NBS for PKU, congenital hypothyroidism, and other well-established
screening might be threatened [17–19]. All of these and many more issues must be
carefully examined [20,21], as they will be in this special issue of the IJNS.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: It would be difficult to overestimate the importance of persistent, thoughtful parents and
their importance in the development of treatments for their children’s rare disorders. Almost a
century ago in Norway, observant parents led a brilliant young physician-scientist to his discovery
of the underlying cause of their children’s profound developmental delay—i.e., phenylketonuria,
or PKU. Decades later, in a recovering war-ravaged Britain, an equally persistent mother pressed
the scientists at Birmingham Children’s Hospital to find a way to treat her seriously damaged
daughter, Sheila, who suffered from PKU. Living on the financial edge, this mother insisted that
Bickel and colleagues develop such a diet, and she volunteered Sheila to be the patient in the trial.
The scientists concluded that the low phenylalanine diet helped but needed to be started very
early—so, newborn screening was born to permit the implementation of this. Many steps brought
us to where we are today, but these courageous parents made it all begin.

Keywords: parental advocacy history; residual dried blood spots; newborn screening expan-
sion; recommended uniform screening panel (RUSP); secretary’s advisory committee of heritable
disorders in newborns and children (ACHDNC)

Although many intricacies surround the ethical issues in newborn screening, it is
interesting from my perspective to have seen the evolution from no discussion of ethical
issues to many discussions taking place in 2020 and consider the basis of this change.

It has been a century since an observant young mother in Norway, Borgny Egeland,
and her dentist husband, Harry, were very concerned about the developmental delay of
their 3-year-old daughter. Soon, a son was born who showed similar severe delay. They
recognized a strange odor, and felt this odor represented a chemical abnormality in these
children. Ms. Egeland sought out a professor who had taught Harry in dental school, the
physician Asbjørn Følling, who had an interest in ketosis. Strongly aided by Ms. Egeland’s
extensive urine collection, Følling was able to isolate an unusual compound which was
responsible for the striking evanescent green color with ferric chloride, a compound
routinely used to detect ketones in urine. He laboriously but rapidly determined that the
unusual compound was phenylpyruvic acid, and he determined that the children had
very high concentrations of phenylalanine, an essential amino acid, in the blood. A quick
survey of institutions housing developmentally delayed children by Følling determined
that a portion of profoundly delayed children had similar chemical abnormalities, and
it appeared to be inherited in an autosomal recessive fashion. Enormous excitement
surrounded the discovery of a chemical abnormality which caused this profound delay.
It was immediately considered that if the elevated phenylalanine was causing the delay,
removing this essential amino acid should be beneficial.

Følling’s remarkable discovery was published in 1934 [1], and in the ensuing years
various attempts were made to modify the diet but nothing organized or effective was
soon recognized. The Second World War was moving rapidly across Europe so biomedical
research was greatly slowed. Much later, in the 1950s, Horst Bickel, a German Physician
Scientist working in England, carried out a remarkable effort to treat a young child
with classic phenylketonuria with a modified casein hydrolysate diet rendered low in

Int. J. Neonatal Screen. 2021, 7, 3. https://doi.org/10.3390/ijns7010003 https://www.mdpi.com/journal/ijns5



Int. J. Neonatal Screen. 2021, 7, 3

phenylalanine [2]. Fortunately, Louis Woolf, working with a London drug house on
special diets for war survivors, provided information to Bickel as to how to prepare such
a diet (Dr. Woolf, retired in British Columbia, Canada, has recently celebrated his 100th
birthday and has been widely recognized for his contributions in this area) [3]. Although
the Bickel study showed strong improvement of the treated young child, it was thought
that one would have to begin very early in order to get the best results.

The need to begin the lower phenylalanine diet very early brought Robert Guthrie on
board, and he developed a simple but effective screening test, suitable for testing the entire
population of newborns to identify babies with elevated phenylalanine—and so, newborn
screening was born. Although there were many things to be learned, the identification
and treatment of apparently healthy newborn infants with dramatic elevations of blood
phenylalanine concentrations in the newborn period was clearly effective. The excitement
was widespread and newborn screening was rather quickly begun across the entire
United States. The ability to prevent severe developmental delay with a special diet was
remarkable, and certainly at that time, there were no substantial voices opposing this
remarkable new effort. This dramatic discovery resulted in national excitement with
widespread publication. Our President of the United States at the time, President John
F. Kennedy, keenly interested and involved in developmental delay because of his sister
Rosemary, invited Asbjørn Følling to the White House where he was presented with
a Joseph P. Kennedy, Jr. Foundation Award. Of course, there was the rare voice that
cautioned that infants would be harmed or even killed. I was personally involved in
treating children with this special diet very early in newborn screening. We would monitor
blood phenylalanine concentrations carefully, and at times would find treated children
slowed in growth, and/or who developed anemia, and we would increase phenylalanine
in the diet and reverse this problem. It was miraculous to see children with essentially
normal abilities (and progressively getting better as we learned more about the diet) when
we had untreated children we were seeing in our clinic with profound developmental
delays. A comprehensive review by medical historians found little evidence of death or
disability that resulted from the inappropriate treatment of well children who were falsely
identified by early newborn screening programs [4].

The dramatic effects in treating phenylketonuria (PKU) was not accompanied with
any substantial discussion of ethical issues surrounding newborn screening. Over the
ensuing 50 years, newborn screening has expanded greatly. The Secretary’s Advisory
Committee of Heritable Disorders in Newborns and Children (SACHDNC) was formed
by federal legislation and signed into law by President Bush in 2007 and requires (using
evidence-based guidelines) what should be on the recommended uniform panel across all
states. This Committee’s recommendations have extensively changed the face of inborn
errors of metabolism as well as other conditions detected in the newborn period [5].
The establishment of the Recommended Uniform Panel and its adoption widely has,
unfortunately, developed programs with low positive predictive values in some states,
meaning that there was a dramatic increase in false-positive newborn screening results.
While dealing with the many false-positive results of complex disorders, there has been
increased interest in informed consent for all of newborn screening. At the same time,
information provided to parents about newborn screening has been variable and provided
at times of great stress during delivery of a baby, and so is usually not retained.

Although the residual dried blood spots (DBSs) from newborn screening have long
been retained in many (most) states for laboratory quality control and for establishing
new tests recommended by federal and state advisory panels, this has become a most
contentious issue. I think that this derives from two reasons: the families were not advised
that these spots were being retained for the purposes mentioned, and a misunderstanding
of what can be achieved with such spots. Another major issue has developed when some
became aware that the dried blood spots contained DNA, which caused serious concern
among some. Protestors, I think, felt that a laboratory can identify a person from the DNA
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in the dried spot, which for practical purposes cannot be performed, and would serve no
purpose if it could [6].

This author does not think that any competent parent, who understands inheritance
would ever deny newborn screening for their infant. A common comment that screening
is denied because nobody in the family has a genetic disease shows a serious lack of
understanding. I do think that if the residual dried blood spots are to be used for
identifiable research, the parents must be asked for permission to do so. I also think
that very hard work to provide the best possible information to parents about newborn
screening will go a long way to help parents understand the process, and feel comfortable
that the best is being offered for their infant. The conditions that are being studied to
become a part of the recommended uniform screening panel should be carefully studied
with the best information available ensuring that the condition has a reliable test and an
effective treatment. It is also important to understand the clinical course of a disorder,
but at the same time be fully aware that one never knows the spectrum of any human
disorder until one carries out screening on the apparently healthy unselected population.
We have regularly seen the dramatic changes in our understanding of a disease once we
have begun population-based newborn screening.

How informed consent is employed in newborn screening has been written about
since the very earliest days of newborn screening in the United States [7,8]. The work
of Faden cited here is widely discussed in the Bush-Bodamer manuscript in this Special
Issue. My personal attitude about newborn screening is that there should be excellent
material presented to all parents (and guardians) in an effort to convey understanding
about the process overall. In this environment, I do not think that newborn screening
for conditions recommended by the ACHDNC should require informed consent. Any
condition for which screening is performed which does not meet these criteria I think
should require full informed consent.

The widespread availability of whole-genome and whole-exon sequencing in clinical
practice and the continuing significant decrease in cost of sequencing have raised the ques-
tion of whether traditional metabolic newborn screening might be replaced by genome
sequencing [9]. It has been clearly shown that DNA amplified from both old and new
dried blood spots performs as well as their whole-blood reference samples with regard
to error rates, indicating that DBSs are excellent sources of DNA for next-generation
sequencing studies of disease [10]. Such studies have led to the widespread use of DBSs
for second-tier confirmatory targeted next-generation sequencing.

Recent outstanding therapies for Duchenne Muscular Dystrophy (DMD) will likely
result in this condition being nominated in the near future for inclusion on the Recom-
mended Uniform Panel for newborn screening in the United States [9]. Two pilot newborn
screening programs for this condition are already the subject of state-wide research pro-
grams. Interestingly, the current FDA approved drugs for DMD are mutation specific,
meaning that the specific mutation must be known before treatment can begin. Therefore,
whole-genome sequencing should logically follow when an infant has an initially positive
newborn screening test. This could be the first major use of widespread sequencing, albeit
secondary, in the NBS lab.

There is an enormous difference between the falling cost of genome sequencing and
of mass spectroscopy. This will be an enormous impediment in the foreseeable future as
far as using whole-genome and whole-exon sequencing as the primary newborn screening
tools, but this may change rather quickly.

A most difficult situation will be the enormous issues with obtaining fully informed
consent for broad sequencing of mostly healthy babies. Analyzing the genomic informa-
tion of millions of healthy babies will present an enormous technical, as well as ethical,
challenge for the foreseeable future. Recent studies have addressed some of the issues
that arise when whole-exome/whole-genome sequencing is included in the newborn
screening program. These authors point out that availability of genomic data require
families to make decisions about information that may predict future events, with dif-
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fering levels of certainly, ability to intervene, and may involve conditions that may not
allow direct interventions among other challenges [11]. A diverse group of experts were
brought together to consider these many challenges to the introduction of whole-genome
sequencing into newborn screening [12,13]. We have not yet faced such an enormous
challenge at a population level.
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Abstract: Newborn screening (NBS) has widely been utilized in developed countries as a cost-
effective public health strategy that reduces morbidity and mortality. Developing countries, how-
ever, are new to the NBS scene and have their own unique challenges, both in instituting the
program as well as effectively acting on the results. NBS offers numerous ethical issues on a global
scale, however, here we argue that there are unique ethical issues surrounding the development and
expansion of newborn screening in Latin America given its highly heterogenous population. Once
a NBS program is effectively instated, ethical considerations continue when pursuing expansion of
screening to include further conditions. While Latin America grapples with the ethics of expanded
newborn screening (ENBS), some developed countries discuss utility of genomic sequencing tech-
nologies in the newborn population. When the ability to detect further pathology is expanded, one
must know what to do with this information. As rare diseases are identified either on ENBS or
via genome sequencing, access to treatments for these rare diseases can be a real challenge. If we
consider newborn screening as a global initiative, then we need more than a deontology approach
to analyze these challenges; we need an approach that considers the unique characteristics of each
territory and tremendous heterogeneity that exists prior to the implementation of these programs.
As genomic technology advances further in the developed world, while some developing countries
still lack even basic newborn screening, there is a further widening of the gap in global health
disparities. The question is posed as to who has responsibility for these newborns’ lives on an
international level. Without an approach towards newborn screening that accounts for the diverse
global population, we believe optimal outcomes for newborns and families across the world will
not be achieved.

Keywords: ethics; Chile; Latin America; newborn genome sequencing; newborn sequencing

1. Introduction

Newborn screening (NBS) is a widely used public health strategy that has demon-
strated high-cost effectiveness by reducing morbidity and mortality [1,2]. By focusing
on diagnosis in the newborn period, there is a goal of initiating therapeutic intervention
prior to irreversible damage, thereby dramatically improving outcomes and reducing
the burden of devastating diseases. While the initiation of lifelong therapies including
pharmaceuticals and special diets can be very costly on a society, it has been shown that
it is in fact a greater financial burden on society for this individual to have immense
neurologic deficits and the inability to be a productive member of society.

While some developed countries have expansive NBS programs and some programs
have proposed newborn genome sequencing as a possibility in the future [2], some
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developing countries grapple with the institution of the initial NBS program. While
there is a relationship between level of economic development of a country and the
efficiency of NBS implementation, the fact that this strategy permits more efficient public
resource usage has led to increased interest of lower income countries to accelerate their
implementation. Latin America joined the NBS discussion 20 to 30 years after pioneer
countries, allowing more informed decisions when choosing the technology and the list
of conditions to include. Here we review the process by which Chile developed its NBS
program and comment on the programs and lack thereof utilized by other Latin American
countries.

The institution of newborn diagnostics poses various ethical dilemmas, and it is
argued that the ethical challenges within Latin America are different than those of the
NBS pioneer countries. When compared to the NBS pioneer countries, Latin American
countries have important health system, political and cultural differences that may impact
the utilization as well as costs and benefits of expanded newborn screening and genomic
technologies. Latin American countries may differ in their approach to patient autonomy,
access to pharmaceuticals, distribution of resources, and access to specialists and programs
that ensure the treatment of those diagnosed in the screen. These important differences
may in fact alter the cost–benefit ratio of the institution of NBS and genomic programs in
certain contexts.

The ethical struggles often do not end with disease identification. The diagnosis of
rare diseases presents a unique challenge for countries that lack infrastructure to research
them and financial capability to fund the often highly-expensive treatment for their
citizens. We argue the importance of considering the Latin American perspective as the
developed world moves towards further advancement in the form of expanded newborn
screening (ENBS) and integration of genomic technologies into common practice.

2. Institution of NBS Programs

2.1. Chile

According to data on child mortality, life expectancy and per capita income, Chile
is among the countries with the best macroeconomic and health indicators within Latin
America [3,4]. Despite this, there was a delay of more than 30 years in development of
a newborn screen program following countries, such as the United States. This delay
stemmed largely from skepticism of Chilean authorities regarding the existence of these
seemingly rare diseases. In the 1980s, a group of health professionals published the utility
of early treatment in patients with phenylketonuria (PKU) and congenital hypothyroidism
(CHT). This NBS program was finally started in Chile in collaboration with the pioneers
of the United States NBS program, such as Dr. Robert Guthrie, who personally trained
the Chilean laboratory team in the implementation of NBS techniques.

In 1989, the National Institute for Nutrition and Food Technology (INTA), in con-
junction with the Santiago Western Health Service, initiated a pilot NBS program of PKU
and CHT which covered 20% of the country’s newborn population, which is 230,000 live
newborns every year [5]. At that time, convincing the authorities to start a NBS program
was not easy given Chile had just recently defeated primary malnutrition as the main
cause of infant mortality. Data were published establishing the prevalence of PKU and
CHT in Chile to be 1:14,640 and 1:2000, respectively. This data enabled a favorable cost–
benefit ratio to be established, further validating the utility of the NBS implementation
as a national program. In 1992, Chile’s Ministry of Health ruled on the start of the NBS
program for PKU and CHT, which was implemented in a step-wise fashion until all 15
regions of the country were covered. In 1998 the program managed to cover the entire
national territory. To this day, this program has achieved the detection of more than 3000
patients with CHT and 500 with PKU within Chile. Treatment coverage with special food
is lifelong, and a team of highly specialized professionals is available to monitor them
within a centralized program that provides regular follow-up and has proven excellent
outcomes [6].
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An ENBS pilot program is underway currently to increase the number of pathologies
from 2 to 26 conditions, thereby extending the benefit to a significant number of newborns.
All 26 conditions included in the pilot ENBS are treatable via therapeutics or special diet.
The pilot program was introduced in a step-wise fashion and is currently in phase one
of four. Phase one includes newborns of one large center to ensure follow-up. As it
currently stands, these 26 conditions are identified later in life clinically once they have
already caused irreversible neurologic sequelae. By identifying the conditions at the
newborn stage and preventing the clinical effects of the disease, we are not only reducing
disease burden and improving quality of lives of patients and families, but also reducing
public health care expenditures. Public funding already exists for the treatment of these 26
diseases once identified clinically, however, by identifying the pathology via ENBS prior to
symptoms, the public funding for lifelong therapeutics is accessed and the neurologically
intact individual can contribute productively to society.

Chile has benefited immensely thus far from the NBS from a morbidity and mortality
perspective as well as a cost-effectiveness perspective. The country is excitedly optimistic
that the ENBS will provide further benefits for individuals, families and the health care
system as a whole. As infrastructure for this addition to the newborn screening routine is
solidified, there will likely be natural progression towards further advanced technologies
such as genomic screening; however, there is no plan to integrate these advanced and
comparatively expensive technologies at a universal, publicly-funded level at this time.

2.2. Latin America

Latin America is composed of countries that differ dramatically economically, cul-
turally and politically, and thus, the region cannot be viewed as one homogenous entity.
Within Latin America to this day, there are countries that have child mortality figures
above 60 per 1000 live newborns, and poverty levels of about 40% [3,4]. In 2007, it was re-
ported that less than 50% of newborns in the region were screened for some pathology [7].
Uruguay, Costa Rica, Cuba and Chile are noted for their establishment of NBS programs
and for entering into ENBS [8]. Countries such as Brazil, Mexico and Argentina face the
challenges of extreme heterogeneity between populations within each country. In Brazil,
for example, regions deep in the Amazon struggle with providing basic NBS through
public funding for newborns whereas in the wealthy aspects of Rio, families can pay out
of pocket for genomic sequencing. Given the heterogeneities of the populations of these
regions, there are often significant inequities in access to NBS and ENBS based on class
system related health disparities. Other smaller countries within Latin America have
unstable economies and government systems and therefore have no reported national
screening programs.

3. Ethical Considerations of NBS and Incorporation of Genomic Technologies

3.1. Chile and Latin America

Implementation of a NBS program in a country with high levels of poverty, child
mortality and primary malnutrition is completely different than in one with greater
levels of economic and political stability and existing public health funding programs.
Resource distribution becomes a limiting factor in the former. A country that is still
struggling with childhood death due to malnutrition is less likely to be focused on
newborn screening. Governments often opt for curative and non-preventive health
initiatives, thereby neglecting preventive initiatives such as the NBS. The political and
social stability of the country has a direct effect on the possibility of an NBS expansion
as well as advancement of other central issues to health care development. A country
requires the infrastructure to be able to process and distribute results once collected as well
as a program set up to act on the results [9]. Diagnosis of PKU, for example, offers little
benefit if there is no support and education system for families to perform diet changes
essential to change the child’s outcome. While some will discuss whether to initiate NBS
for CHT, PKU or hemoglobinopathies in the first place, others will be discussing whether
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to expand the screening to 20 or 30 conditions, and others yet may discuss whether to
incorporate genomics. The evidence of success demonstrated by the Chilean NBS and
now ENBS pilot program will likely serve as both a model and inspiration for other Latin
American countries going forward.

The emergence of the NBS within Latin America highlights the important role of
the health team as patient and human rights advocates. A large part of the success of
the Chilean program lies in the ability of the health care providers to demonstrate the
burden of the disease through data and prove the cost effectiveness of the program’s
institution. It is, therefore, of utmost importance to positively influence local governments
to implement and refine these public programs for the sake of our patients and their
families. The role of patient advocate challenges us to be the voice of those who are not
yet born, as well as that of a society that seeks equity of basic social rights such as health
care.

Regional initiatives such as those within Latin America are essential as they encour-
age collaboration and assistance among countries of differing levels of cultural, political
and economic stability. As physicians, we all aim to provide the best care and treatment
for all of our patients and this care should not differ based on national origin. We argue
that these international efforts should be coordinated by scientific societies and sustained
by international collaborations. The exchange of experiences allows us to learn from
each other and work together to save as many newborns from preventable multisystemic
sequelae as possible, as we are all, ultimately, one global humanity.

3.2. The United States and Developed Countries

As technology advances quickly and there is a barrage of new diagnostic information
available to providers, developed countries face ethical challenges regarding how to apply
this new technology. Within the realm of newborn diagnosis, genomic sequencing has
been proposed for use as an alternative, as a supplement and as a potential replacement
of current standard NBS in some developed countries. In the United States, for example,
a study in California compared whole exome sequencing (WES) to traditional NBS
by tandem mass spectrometry (MS/MS) to determine whether WES could replace the
traditional method. It was found that sensitivity and specificity of WES was in fact lower
than the MS/MS method but there was possible utility of WES as a second tier [10]. In
Norway, a study looked at the utility of Next Generation Sequencing (NGS) as a second
tier to supplement NBS and showed benefit [11]. Pilot programs in the United States
at several different sites used various genomic sequencing technologies to screen for
conditions beyond the traditional NBS and looked at the utility both in populations of
sick newborns and in those that are healthy [12].

Various ethical issues arise with these proposed new programs, such as the dilemma
of how to communicate the genomic results to families and what to do with this infor-
mation especially in the case of variants of unknown significance [13]. Further ethical
discussion of these genomic technologies is beyond the scope of this paper. What we
propose, however, as a relevant ethical dilemma is the advancement and implementa-
tion of these technologies in certain countries while basic screening in other countries
has yet to be achieved. The use of genomic technologies expands beyond the goal of
just decreasing infant morbidity and mortality and has the potential to further expand
health disparities in different social and racial groups due to inequity in access to these
techniques. We believe improving social and racial inequities through universal coverage
programs emerges as a priority [14].

3.3. Global Ethical Considerations

Globally, the challenges are even greater. From an ethical approach, we might
consider it fair to assume that if a human being is born in a developed country, then he
or she will have mandatory screening of more than 40 different conditions, with some
employing genomic technologies, and be given treatment that can both save his or her
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life and avoid disabling neurological sequelae. On the other hand, if this same human
being is born in a country of less fortunate economic circumstances, the child may fall
victim to consequences such as disability or even death. Despite scientific breakthroughs
allowing diagnosis and treatment of now preventable metabolic illnesses, newborns still
die globally based solely on the country they are born into. The dilemma of who the
weight of responsibility of a preventable death should lie on is a great one. Should the
wellbeing of this child be the responsibility of the parents, the state where this child is
born or is it the responsibility of humanity as a whole? We argue that the global public
health community should address as many newborns as it can to lobby for ENBS across
the globe to reduce global morbidity and mortality due to preventable outcomes.

The new genomic technologies pose an important financial ethical dilemma that may
perpetuate global inequities in newborn outcomes globally. In countries like the United
States, some health insurance companies cover the costs of novel diagnostic techniques.
Given economic and political circumstances, many Latin American countries are unable
to tap into this technology solely for this reason. It can be argued that inequity in access
to health is not just a local challenge but a global problem. If "global economies" are
already being raised as initiatives to reduce these inequities, we argue that prioritizing
NBS implementation globally should be one of the first points addressed.

3.4. Ethical Considerations When Approaching Rare Diseases

The ethical dilemmas of newborn pathology do not end with diagnosis. Upon
diagnosis, the next important dilemma is setting the patient and family up with the best
therapeutic strategy, which in some cases, may be quite costly. The source of funding for
these therapeutic strategies is another ethical challenge that disproportionately effects
developing countries. When the disease diagnosed is considered a rare disease, there is
even less chance of a financially feasible therapy.

Many years have passed since governments have become aware of the characteristics
and situation of patients with rare diseases yet many still die or live in very poor condi-
tions due to lack of diagnosis and lack of treatment access. From an ethical point of view,
these patients pose a complex dilemma of justice in which it is necessary to harmonize the
rights of each individual to medical assistance and access to validated treatments with
the rights of other patients with different conditions that also require high-cost treatments
in resource-limited settings. In addition, it is necessary to make a thorough analysis of
the efficacy and cost–benefit ratio of the different therapeutic alternatives available if
a condition is identified through newborn screening with or without sequencing. One
aspect that illustrates the difficulties that exist in the field of justice in this area, is the fact
that drugs to treat this type of disease should it be detected through NBS technologies
have had less development and production because they are not economically profitable
for researchers especially in resource-limited settings.

For this same reason, there is a lack of motivation in researching drugs for very rare
diseases, which is why they are known as "orphan drugs." The concept of “orphan drugs”
originated in the 1980s with culmination in the Orphan Drug Act devised in the United
States in 1982 [15]. This situation requires states to offer incentives to stimulate this area
of research. Currently, there is limited availability of drugs but a high need resulting in
an inability to provide optimal care to all patients. The balance of financial commitment
to development of drugs for rare diseases identified through newborn screens with the
financial and moral burden of the suffering of these untreated children with rare diseases
is an important ethical conundrum. It is necessary also to rationalize their use and
establish criteria to decide whether all those carriers of rare diseases detected through
genetic technology deserve treatment or whether only those which will achieve a relevant
benefit in quality of life and survival should be treated.
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4. Discussion

In the lottery of nature, some persons are born equipped with special talents that
facilitate their development while others are born with important deficiencies that will
impede their ability to survive and thrive if they do not receive adequate treatment
after correct diagnosis. Among these individuals are those with so-called rare diseases.
These individuals, if not correctly diagnosed in the newborn period, will go on to have
significant morbidity and mortality and result in a significant burden on families as
well as society as a whole. With NBS, and particularly with genome-based technologies,
there is the ability to now identify and treat many rare diseases prior to symptoms
and therefore prior to lasting neurologic damage. It has been demonstrated through
cost–benefit analysis that despite the large expenses of the lifelong therapies needed for
these identified individuals, the overall cost is less than the financial burden alone of a
neurologically devastated member of society, not to mention the overall benefit to the
individual, their family and the community.

With this new technology, however, comes new ethical implications based in global
inequities in access to both the diagnostic techniques as well as the therapeutic strate-
gies. Here we highlight the wide spectrum of access to newborn diagnostic technologies
depending on country of origin and socioeconomic status. Where countries in the devel-
oped world grapple with the new ethical dilemmas of introducing more thorough and
expensive tests, such as genomic sequencing which can sometimes provide an excess of
information with absence of treatment options, other countries struggle to impose basic
NBS programs.

From the point of view of currently accepted ethical principles, it is a matter of
deciding whether NBS for every newborn regardless of country origin is a matter of
fairness (principle of first order) or a matter of charity (principle of second order). It is
necessary to bear in mind that the decisions for the benefit of each patient always includes
the global care of the patient and family, with or without genome-based technologies.

Rare diseases are unique in that while they are less frequent than other diseases,
they present a burden of disease much higher than that of other more frequent diseases
and secondary to this, require such costly treatments that patients cannot assume the
financial burden individually. In the past, access to health was mainly assumed on an
individual basis. With the progress of society, the previously unrelated realms of politics
and health were united, forming health policies that allowed more equal access for people
to adequately treat their diseases. As a result, it can be argued therefore, that this financial
burden should be a function and responsibility of the State [16].

It can be argued that the institution of NBS in many countries was a way to im-
prove equity within a society by allowing every newborn to have access to screening and
therefore early identification and treatment of potentially devastating diseases, thereby
preventing the negative effects of the disease regardless of socioeconomic status. Unfor-
tunately, as new diagnostic technologies arise, such as the expansion of the NBS as well
as genome sequencing, inequities both within countries and between the developed and
developing world can in fact be increased. Technology has increased to the point that
some newborns, when born into wealthy families within wealthy societies, can have a
barrage of tests done often with information with unknown significance, whereas a simi-
lar newborn when born into a less financially fortunate circumstance would be unable to
even have basic screening for treatable diseases. Though medical advances in diagnostic
technology is important and essential for overall global progress, it is important to always
consider the ethical implications of these advances and the possibilities, as in the case of
ENBS and genomics, the perpetuation of global inequities.

5. Conclusions

The NBS is a tool that for decades has been shown to be cost effective in preventing
mortality and morbidity, thus achieving health goals across the world. By identifying
treatable diseases before they have produced their devastating and permanent effects, one
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not only reduces the overall cost on society of supporting a neurologically devastated child
possibly into adulthood, but also provides an immense improvement in quality of life for
the individual, their family and the community. In an ideal world, all countries, regardless
of economic status, would have access to this vital program. This, however, is not the
case, resulting in global inequities in access to lifesaving diagnostics and therapeutics. A
primary goal of NBS and ENBS is to identify only diseases for which there is treatment and
where a measurable impact can be made in cost to quality of life by early identification
and treatment. Genomic sequencing, while sometimes used in a targeted manner or as a
confirmatory test or second tier, can other times identify diseases and unknown mutations
for which a treatment is lacking. Exploring the utility of newborn genomic screening
technologies in certain countries while other countries lack the capability of identifying
treatable diseases such as PKU and CHT perpetuates global inequities in health outcomes.

We encourage the global medical community to look at the ethical issues associated
with NBS, ENBS and genomics from a perspective outside the developed world. We
suggest working towards a world where all countries regardless of economic status can
provide basic NBS with access to therapeutics upon diagnosis prior to engaging in further
diagnostic advancements which perpetuates heath inequities globally. As we are all one
global humanity, we believe we must all work together to increase access to care and
improve health outcomes for all newborns regardless of origin.
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Abstract: Rare diseases impact all socio-economic, geographic, and racial groups indiscriminately.
Newborn screening (NBS) is an exemplary international public health initiative that identifies infants
with rare conditions early in life to reduce morbidity and mortality. NBS theoretically promotes
equity through universal access, regardless of financial ability. There is however heterogeneity in
access to newborn screening and conditions that are screened throughout the world. In the United
States and some other developed countries, NBS is provided to all babies, subsidized by the local
or federal government. Although NBS is an equitable test, infants admitted to neonatal intensive
care units (NICUs) may not receive similar benefits to healthier infants. Newborns in the NICU
may receive delayed and/or multiple newborn screens due to known limitations in interpreting the
results with prematurity, total parenteral nutrition, blood transfusions, infection, and life support.
Thus, genomic technologies might be needed in addition to NBS for equitable care of this vulnerable
population. Whole exome (WES) and genome sequencing (WGS) have been recently studied in
critically ill newborns across the world and have shown promising results in shortening diagnostic
odysseys and providing clinical utility. However, in certain circumstances several barriers might
limit access to these tests. Here, we discuss some of the existing barriers to genomic sequencing in
NICUs in the United States, explore the ethical implications related to low access, consider ways to
increase access to genomic testing, and offer some suggestions for future research in these areas.

Keywords: ethics; diagnostic odyssey; newborn genomic sequencing; NICU; health disparities;
equity; justice

1. Introduction

In the United States and across the globe, newborn screening (NBS) is a successful
public health program to identify infants with rare genetic conditions early in life with
the goal of reducing morbidity and mortality. In this way, newborn screening programs
promote equity and protect vulnerable infants, regardless of the financial abilities of the
family. However, there is heterogeneity in access to newborn screening as well as the
conditions that are screened throughout the world [1]. Some developing countries have yet
to initiate a newborn screening program due to limited infrastructure to conduct research
and/or financial capability to fund treatments, widening global equity gaps [2]. In the
United States and some other developed countries, NBS is provided to all babies, subsidized
by the local or federal government. Rare diseases impact all socio-economic, geographic,
and racial groups indiscriminately, with NBS providing an opportunity to promote equity
within and across these groups.

The United States is one of the countries in which the newborn screening program is
supported through national recommendations for conditions which should be screened [1].
Although NBS is an equitable test in healthy newborns, there are instances in the United
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States in which some infants do not receive the same benefit. For example, infants admitted
to a neonatal intensive care unit (NICU) shortly after birth may receive delayed results
and/or require multiple newborn screens due to known limitations in interpreting the
results in infants who are premature, receive total parenteral nutrition, have a current
infection, have received a blood transfusion, require life support, etc. [3]. Thus, the most
vulnerable infants with higher risks of testing positive on newborn screening may be
disadvantaged compared to healthy infants. In addition, the limited testing on NBS may
not be sufficient to diagnose the cause of disease in critically ill infants with multiple
congenital anomalies and/or other causes of morbidity and mortality. These considerations
suggest that approaches such as genomic technologies might be needed in the vulnerable
NICU population in addition to NBS.

Whole exome (WES) and genome sequencing (WGS) have been recently studied in
critically ill newborns in NICUs across the world, with investigations into the clinical
utility, cost effectiveness, diagnostic utility, etc. More than 20 clinical trials have been
performed, with more currently planned [4]. In critically ill newborns, genomic sequencing
has well established diagnostic yield and potential clinical utility [5–9]. In the NICU, the
diagnostic yield of these next-generation sequencing tests is between 21% and 58% [9–17].
Changes to medical management have been reported in 28–32% of infants with diag-
noses [9,17,18]. Other studies have suggested that genomic sequencing might reduce
downstream healthcare costs by facilitating targeted and preventative medical care and
avoiding costly, unnecessary procedures [18–21]. As a result of these studies, genomic
sequencing is beginning to be covered by some insurance companies. These studies also
suggest that clinical teams are in an ideal position to decide which babies should be offered
these tests. However, for some cases, other barriers might limit access to these tests in
the NICU.

Barriers to the implementation of genomic sequencing in the NICU include additional
educational needs of non-genetics providers, clarification of professional roles for neonatal
and genetics providers, lack of efficient workflows to manage logistics, concerns regarding
the complexity of the information that could be learned from the test, insurance coverage,
and geographic and financial access [22,23]. This commentary aims to review barriers that
may impact access to genomic sequencing in the NICU, discuss the ethical implications
of potential barriers to genomic testing, explore ways in which access to testing might be
enhanced, and offer suggestions for future research in these areas.

2. Factors Impacting the Variability in Access to Genomic Sequencing

2.1. Insurance Approval Requirements

Currently in United States NICUs, genetic testing may be paid for by any one or a com-
bination of the following parties: hospital, neonate’s family, private funding, community
funding, insurance payer, and/or government sources. In an inpatient setting, this testing
often goes through institutional billing, where the bill is generated by the institution and be-
comes part of daily NICU charges. Costs that are not covered by the payer are paid through
a combination of the hospital and patient. The variability in these costs is largely moderated
by hospital policy regarding balance billing, the patient’s insurance plan, and demonstrated
financial abilities of the patient. One common criticism of implementing genomic testing as
part of a newborn screening program is the high cost. These are valuable concerns, but the
cost of genomic testing has continued to decline since its implementation into clinical care
and may be cost-effective in managing infants in high acuity NICU settings [8,9]. Currently,
since genomic technologies are not typically embedded into federal or state programs,
each hospital manages their financial risk related to implementation of this testing in
different ways. Many hospitals have checks and balances in place to protect financial loss,
such as committee review of medical necessity or prior-authorization requirements for
genetic testing. Prior reports have noted prior-authorization to be a pressing barrier to
implementing WES, highlighting the tension between widespread implementation and
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equitable access [24]. Therein lies a tension between financial protection of an organization
at the cost of providing equitable care for all neonates in this setting.

In some NICUs, insurance approval is required prior to initiating genetic testing. Even
for patients with similar phenotypes, insurance coverage may differ based on the payer, as
reimbursement policies for genetic testing are not well-established [23]. In one study of over
1000 people of varying races/ethnicities, blacks were significantly more likely to be insured
through Medicaid/Medicare than non-Hispanic whites, which may decrease access to
genetic testing if dependent upon insurance approval [25]. In our experience, public payers,
such as Medicaid, typically lag behind private insurers in providing approval for medically
indicated genetic testing. In this way, instituting insurance approval requirements during
an inpatient stay might increase health disparities. Although genome sequencing in high
acuity NICUs has been demonstrated to provide more diagnoses, and possibly improve
clinical outcomes, insurance denials remain common [19].

To further explore the potential relevance of these considerations, we reviewed 256 in-
fants <120 days old admitted to a single Level IV NICU during a time in which the hospital
required insurance approval prior to completing inpatient genetic testing. IRB approval
was obtained for this review. During a 6-month period in 2017, 50 infants were eligible
for genomic sequencing based on specific criteria [26]. These criteria were similar to those
commonly used in a NICU setting for determining clinical trial inclusion for rapid WES
and/or WGS [11,12,14–16,26]. At that time, few insurance companies were approving
clinical WES for inpatients and no insurance company was approving clinical WGS [27].
Most infants (45/50) received genetics consults in the NICU. However, only 22% (11/50)
received WES/WGS. Of the 39 neonates who did not, 30 received FISH and/or chromoso-
mal microarray (CMA) with or without single gene or gene panel testing, 3 received only a
single gene or gene panel testing, and 6 did not receive any genetic. Among those who did
not get tested, one family declined testing, and two cases who were consulted by genetics
did not receive any testing recommendation (Figure 1). Is it possible that the need for
insurance pre-approval played a role in explaining why there were relatively few patients
who received WES/WGS? Regardless of the answer, should genetic testing for acutely ill
infants be limited by insurance pre-approval? Does this approach ensure equitable access
to a rapid genetic diagnosis?

Of the infants who received WES/WGS, five were diagnosed, resulting in a 45%
diagnostic yield. FISH and/or CMA were used in 60% (30/50) of neonates and diagnosed
2, resulting in a 7% (2/30) diagnostic yield (Figure 2). Thus, although the utilization of
WES/WGS was low, it accounted for most of the genetic diagnoses.

None of the diagnoses that were made are currently on the recommended uniform
screening panel (RUSP) and would have been missed by NBS alone (Figure 3).

2.2. Hospital Review/Approval Committees

For hospitals where insurance approval requirements may not exist, some have de-
veloped internal review/approval committees. These committees may be led by local
genetics specialists/other experts to evaluate which inpatients may be best suited to re-
ceive genomic sequencing based on certain criteria. Common criteria include assessment
of phenotype and likelihood of changes to clinical management. These committees are
designed to facilitate genomic sequencing by approving testing for the sickest infants at
the institutional level, curbing insurance approval and minimizing financial loss. With this
model, infants who are most likely to receive testing are those that are perceived by the
local committees and/or particular individuals as having the highest likelihood of having a
genetic condition and/or changing medical management. Committee approval may allow
for testing beyond what the neonate’s payer would cover compared to going through insur-
ance alone. However, other neonates with similarly complex symptoms that are less well
understood may not be granted similar access to testing if a change of management is less
likely or perceived as less necessary, based on current knowledge about these conditions. It
is known that requiring a suspicion of a genetic disorder as their reason for admission will
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miss about half of patients with a genetic etiology [6,18,23]. Given the vast evolution of our
knowledge and technology in detecting rare genetic conditions, should we limit testing to
those with a subjectively “higher risk” than other neonates judged by local experts to be at
“lower risk” for genetic disease? Are we facilitating equity for infants who may also have
an underlying genetic etiology, but whose phenotype has not been studied as extensively
or is not as recognizable?

256 infants 
admitted to Level 

IV NICU

11 received 
WES/WGS

39 did not receive 
WES/WGS

33 had genetic 
testing

30 received FISH 
and/or 

microarray

3 received only 
single gene/gene 

panel

6 did not have 
genetic testing

3 were not 
consulted by 

genetics

1 family declined

50 met criteria for 
WES/WGS

Figure 1. Uptake of WES/WGS. 50 neonates met criteria for WES/WGS. However, only 22% (11/50)
received it within the study timeframe. Of the 39 who did not receive WES/WGS, only 1 family
declined genetic testing. Of the remaining 39, six received no genetic testing and 33 received other
genetic testing that did not include WES/WGS.

50 met criteria 
for WES/WGS

30 received 
microarray

2 diagnosed 
(yield=7%)

10 received 
WES/WGS

5 diagnosed 
(yield=45%)

Figure 2. Although more neonates had FISH and/or microarray testing than WES/WGS in our
cohort, the yield of microarray was much lower. The yield of microarray was 7% and the yield of
WES/WGS was 45%.
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Figure 3. None of the conditions that were diagnosed by WES/WGS are on the RUSP.

2.3. Inconsistent Definitions of “Change of Management” Impacts Insurance Coverage Policies

What is defined by “change of management” is not standardized across clinical tri-
als/studies exploring the impact of WES/WGS. Previously published definitions of this
term have included recommendations for additional testing, specialty consultation, spe-
cific medical and/or surgical treatment, change in recurrence counseling, transfer of care,
and/or redirection of care [10,13,14]. However, these outcomes may not align with insur-
ance payers’ perspectives on what would be an “acceptable” change of management to
warrant insurance coverage. A study by Trosman et al. surveyed and interviewed execu-
tives from 14 different insurance payers to learn more about their perspectives on insurance
coverage for exome sequencing [28]. Most participants agreed that the impact on patient
care/clinical management was most important when considering coverage. However, all
participants agreed that reproductive risk information or knowledge that could impact
diagnosis in other family members was not enough for coverage on its own. Additional
discussion between clinical and payer stakeholders is warranted to determine whether
including reproductive/genetic counseling outcomes as a “change of management” might
be appropriate. Harmonizing what outcomes should be defined by the term “change
of management” between research studies and insurance payers is necessary so that the
available evidence regarding this variable aligns with what is most likely to provide evi-
dence of medical necessity. Additionally, payers ought to be more transparent about what
evidence/criteria they use to make approval decisions about next-generation sequencing
and what pieces of evidence are most likely to influence claim decisions. This will allow
for meta-analysis and meaningful appeals to alter payer denial patterns and/or revisions
to insurance policy.

3. Ethical Implications for Barriers to Genomic Sequencing

3.1. Legal Implications

Underlying newborn medical care (and healthcare overall) is a moral obligation to
protect children, especially vulnerable newborns, who are unable to protect themselves,
regardless of economic considerations. In many countries, this extends to larger legal
obligations. Some NICUs are nested within children’s hospitals that are tax exempt, non-
profit organizations. US law of tax-exempt entities suggests that these organizations need
to provide care regardless of the ability of families to pay and/or of insurance coverage.

Barriers such as requirements for insurance prior-authorization have been shown to
alter physician prescribing patterns towards being more conservative [29]. Therefore, it
is possible that a geneticist’s desire to recommend testing may be confounded by their
prior awareness/experience of being unable to obtain coverage for WES/WGS with the
neonate’s payer, especially if prior peer-to-peer and/or appeals have not altered denial
decisions for similarly complex situations in the past. Under-recommendation of genomic
sequencing due to prior experience in navigating payer decisions may lead to genomic
malpractice suits. These suits may be pursued by neonates’ families in situations where a
genetic test with known clinical utility was not offered by the clinical team. This genetic
information may have clarified recurrence risk. Wrongful conception was upheld in court
for a family who had two children with Fragile X, when they were not made aware that
their first child had this condition (“Molloy v. Meier,” 2003). Thus, the absence of a genetic
diagnosis may potentially lead to future wrongful conception claims for physicians who
did not recommend medically indicated testing. It has also been postulated that insurers
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may be liable if a clinically appropriate test recommended by the clinical team was denied
by the insurer [30]. This highlights the importance of insurance companies staying abreast
of current literature regarding the clinical utility of genomic testing.

3.2. Psychosocial Implications for Parents and Providers

Inequitable access to genomic sequencing impacts not only the provision of medical
services, but can also lead to parental and provider moral distress. Parents of children
with undiagnosed diseases are known to experience emotions such as anxiety, depression,
uncertainty, anger, powerlessness, frustration, and denial [31–34]. One study identified
this prevalence to be 40%, with parents with older children and longer duration of illness
having lower depressive and anxious symptoms and better coping self-efficacy [33]. An
additional qualitative study interviewing parents of children with undiagnosed disease
regarding coping with the diagnostic processes identified that it was an important piece of
the coping process to know that everything possible had been done for their child. They also
discussed a personal responsibility to follow-up with doctors, read the medical literature,
ask for second opinions, and seek alternative treatment options. This was motivated by
a fear for the possibility of realizing in the future that they failed their child if they did
not access something that could have helped them [31]. Thus, unequitable distribution
of genomic tests may contribute further to this fear and facilitate challenges to parental
coping throughout the diagnostic process.

From the parental perspective, waiting for a medically indicated test is not common
for other tests ordered in the NICU. For example, imaging and surgery can be done without
insurance or hospital approval. These interventions cost thousands of healthcare dollars,
may at times have similarly uncertain outcomes, and may have clinical utility that is not
well-understood. Thus, when genetics specialists believe that a genetic test is needed for
diagnostic purposes with hopes to end the diagnostic odyssey, it is likely distressing for
both medical providers and families to wait, albeit genetic tests are much cheaper than
other medical interventions that are done routinely without insurance approval. For most
parents who participated in a qualitative study, when their expectations about their child’s
care were not met, such as finding a diagnosis or accessing diagnostic tools/treatment, they
experienced serious frustration and distrust, increasing their feeling of powerlessness [31].
In addition to considering the impact of not having a diagnosis on families’ coping, these
emotions can also impact the patient-provider relationship.

Moral distress has been noted to have a higher prevalence in palliative, emergency,
intensive, and pediatric providers. In one study, the leading causes of moral distress
included lack of resources, lack of administrative action, providing false hope, and excessive
documentation that interferes with patient care [35]. More recently, it has also been reported
amongst genetics specialists who see patients in an inpatient setting [36–38]. Specifically,
one recent qualitative study found that a common source of moral distress for genetics
providers was related to lack of/poor insurance coverage for clinically indicated genetic
testing for their patients [37]. In our experience, it is distressing to providers who have
recommended a genetic test to not be able to utilize the results as part of inpatient medical
management and counseling, when suspicion for a genetic etiology is high. A prior study
of NICU nurses identified that moral distress related to the hospital ethical climate was
a significant factor for them to consider leaving their institution [39]. This finding is
concerning for genetics providers who already report high levels of distress and burnout
and see a reduction in medical trainees pursuing the field. However, this phenomenon has
not been studied for genetics professionals in the NICU as well as whether the presence of
barriers to genetic testing contributes to the ‘hospital ethical climate’ or moral distress,
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4. Considerations to Promote Access to Genomic Sequencing

4.1. Standardized Approval of Genomic Sequencing for All Neonates with Phenotype Known to
Have High Yield

One approach to facilitate access to genomic testing on a population-based scale
for infants in a Level IV NICU is to consider the standardized approval of genomic se-
quencing for neonates who are known to have the highest chance of benefit, regardless
of financial status and/or insurance policy. Providing WES as a first-tier test for all in-
fants meeting similar inclusion/exclusion criteria may prove beneficial, as has recently
been suggested for individuals with neurodevelopmental delays [40]. Currently, data has
shown patients with seizures and/or neurodevelopmental phenotypes to have a high yield
with WES, affecting management 41–48% of the time [24,41]. Additionally, patients with
inborn errors of metabolism have been reported to have yields as high as 68% with WES
technology [42]. Another study identified at least a 25% yield for patients who received
WES with phenotypes associated with muscular dystrophies/myopathies, dermatologic
conditions, multiple congenital anomalies, skeletal dysplasias, hypotonia, cardiac disease,
metabolic disorders, hematologic conditions, seizures, and others [43]. These presentations
are common in a Level IV NICU setting. Providing access to genomic testing for neonates
with these characteristics, regardless of their financial and/or insurance status, would
promote equity [8]. Even broader approaches, such as offering genomic sequencing for
all neonates in a Level IV NICU may identify additional infants with conditions that are
relatively rare but may alter medical management for that child or other children in the
future.

4.2. Creative Technological Solutions to Extend Genetic Evaluation to Areas without
Genetics Experts

Genetic disease is common in infants admitted to any NICU and is likely enriched in
Level IV NICU’s. However, Level III NICUs admit infants with genetic disease including
aneuploidy, sexual differences of development, encephalopathy, hypotonia, hyperinsulin-
ism, milder forms of known genetic conditions that we may not currently understand,
and/or rarer and milder genetic conditions not requiring admission to a Level IV NICU.
Thus, for any NICU without direct access to genetics expertise, it would be reasonable
to pursue creative technological solutions to enable genetic evaluation. There are oppor-
tunities for mobile application development, interactive education modules for neonatal
trainees and providers, and decision support tools for neonatal providers. These efforts
ought to occur in collaboration with genetics experts including board-certified geneticists
and genetic counselors.

5. Opportunities for Future Research

• Measure the short- and long-term healthcare outcomes for critically ill neonates,
stratified by phenotype, who did and did not receive genomic sequencing while in
the NICU.

• Characterize social indicators that may predict health disparities regarding access to
genomic sequencing.

• Evaluate the criteria used to make decisions about which patients can access genomic
sequencing within hospital-based committee structures.

• Explore whether prior-authorization and/or hospital-based committee approval for ge-
nomic sequencing in the inpatient setting contributes to the perceived ‘hospital ethical
climate’ and/or moral distress for genetics specialists and other neonatal providers.

• Explore the parental experience of navigating prior authorization, hospital-based
committee approval, and/or other barriers to genomic sequencing in the NICU to
better understand their psychosocial impact. Although prior research identified
psychosocial distress in parents of undiagnosed children, few studies have occurred
in parents of newborns who are still in the hospital.
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• Development and implementation of mobile applications and/or decision support
tools for neonatal providers to extend genetics evaluation to NICUs in geographic
areas where this access does not exist or is limited.

• Development and implementation of interactive education modules for neonatal
trainees and/or current neonatal providers to support their decision making, triage,
and advocacy for access to genomic sequencing for their patients.

6. Conclusions

Newborn screening is a successful public health program implemented in numerous
countries across the world for the early identification of infants with rare genetic disease
to prevent morbidity and mortality. However, in the United States, neonates in a NICU
are unlikely to receive optimal benefit from this screen compared to healthy infants. Thus,
neonates admitted to a NICU setting would likely benefit from wider screening, to include
consideration of genomic sequencing. In lieu of this testing being offered as part of federal
or state efforts, we suspect that several barriers and social forces impact access to genetic
testing in NICUs of varying sizes and levels across the United States. Our review considers
the potential barriers that might stand in the way of equitable assessment of vulnerable in-
fants in a setting that is known to exacerbate health disparities. There may be opportunities
for hospitals to lower risks and cost while fostering beneficence for neonates by routinely
facilitating genomic testing for infants with certain phenotypes with high yield such as
neurodevelopmental conditions including seizures, muscular dystrophies/myopathies,
dermatologic conditions, multiple congenital anomalies, skeletal dysplasias, hypotonia,
cardiac disease, metabolic disorders, and hematologic conditions. Further, this may sug-
gest an opportunity for payers to partner with hospitals and NICU/genetics experts to
foster standardized approval practices for infants with complex healthcare needs. The
tension between financial risks and beneficence must be addressed before considering the
widespread implementation of genomic testing in this population to promote equitable
care for the most vulnerable and acutely ill infants in the United States and across the globe.
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Abstract: Recent advances in genomic sequencing technologies have expanded practitioners’ uti-
lization of genetic information in a timely and efficient manner for an accurate diagnosis. With an
ever-increasing resource of genomic data from progress in the interpretation of genome sequences,
clinicians face decisions about how and when genomic information should be presented to families,
and at what potential expense. Presently, there is limited knowledge or experience in establishing
the value of implementing genome sequencing into newborn screening. Herein we provide insight
into the complexities and the burden and benefits of knowledge resulting from genome sequencing
of newborns.
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1. Introduction

Since the 1960s, with initiation of the Guthrie card [1], newborn screening (NBS) has
improved the lives of countless newborns and their families. The mandate of NBS is to
identify treatable conditions in the newborn period that are not necessarily apparent at birth,
but that could have life-long or fatal sequelae if untreated. A notable NBS advancement
was the introduction of Newborn Hearing Screening (NBHS) in 1994 after endorsement
by the Joint Committee on Infant Hearing [2]. This public health initiative makes possible
early diagnosis and management for deaf and hard-of-hearing (DHH) babies, and better
health outcomes for children and their families worldwide. Today, NBHS has been widely
adopted in the United States with greater than 97% of newborns screened by one month of
age [3].
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Congenital deafness affects 1.7 of 1000 newborns [4] in the United States and is the
most prevalent congenital sensory anomaly diagnosed in industrialized countries [5]. DHH
is unparalleled in its heterogeneity with both genetic and environmental causes. With
greater than 50% of congenital DHH having a genetic etiology, the importance of genetic
testing in diagnosis and management of DHH individuals is paramount. Among genetic
forms, both nonsyndromic and syndromic cases may result from variation in individual
genes, and the same gene may be responsible for either dominant or recessive DHH. Over
400 types of syndromic DHH are recognized by the involvement of other organ systems in
addition to the inner ear [6]. Nonsyndromic deafness is more prevalent than syndromic
deafness and accounts for 70% of hereditary DHH [7].

2. Considering Health Outcomes for DHH Individuals

Given the auditory dominance of personal communication in the world, deafness
has implications for an individual’s well-being on all socioecological levels, disrupting
interpersonal interactions, relationships in community settings, and with society at large [8].
Due to inheritance patterns and environmental causes of hearing loss, greater than 90%
of DHH individuals are born to hearing parents [9] who likely have limited knowledge
surrounding deafness. Many factors influence communication among children and ado-
lescents, including the degree of hearing loss. Studies have shown that DHH individuals
may experience barriers which impact educational attainment, the likelihood of future
employment, future earnings, use of healthcare systems, and life expectancy [10]; thus,
access for all to early diagnosis and interventions are crucial for DHH health outcomes.

Shearer and co-authors provide promising evidence that a genetic etiology for hearing
loss can influence the treatment and management of a child’s care [11]. In fact, research
demonstrates the established benefits on speech performance after cochlear implantation
of infants with GJB2 or SLC26A4 diagnoses [12,13]. The benefits of cochlear implantation
for genetic etiologies including OTOF, CACNA1D, CABP2, SLC17A8, DIAPH3, OPA1, and
ROR1 have been illustrated [11]. Thus, a comprehensive approach to newborn hearing
screening which includes genome sequencing (GS), physiologic hearing screening, and
congenital cytomegalovirus (cCMV) testing [14] provides beneficence to DHH newborns
and may influence development of future interventions or therapeutics.

3. Comprehensive Newborn Genome Sequencing: SEQuencing a Baby for an
Optimal Outcome

SEQaBOO (SEQuencing a Baby for an Optimal Outcome), a research project initiated
in Boston, Massachusetts [15], offers genome sequencing for newborns who are referred
for diagnostic audiometry following physiologic screening. DHH is serving as a paradigm
for integrating population-based genome screening into NBS at large. Recruitment is
ongoing at three Harvard-affiliated hospitals: Brigham and Women’s, Boston Children’s,
and Massachusetts Eye and Ear. SEQaBOO provides comprehensive genome sequencing
and variant interpretation of DHH-associated genes, as well as optional (for parents only)
ACMG secondary findings (SF) v 3.0 [16]. In collaboration with the Chinese University of
Hong Kong, genome-wide copy number variant (CNV) analysis is assessed on all partici-
pants [17–19]. This analytic platform can also identify chromosomal aneuploidy, absence
of heterozygosity, and chromosomal structural rearrangements including translocations.
Through this method, balanced chromosomal translocations, sex chromosome aneuploidy,
and pathogenic CNVs in genes associated with DHH have been detected. Such findings
resulted in numerous protracted conversations surrounding the positive and negative
ethical implications of disclosing incidental genomic findings from a research study that
ultimately may not be related to the infant’s DHH phenotype.

SEQaBOO has proven the feasibility of implementing comprehensive genome sequenc-
ing into NBHS to facilitate earlier intervention and treatment options for DHH individuals.
Similar studies have demonstrated the importance of genetic screening in the newborn
period as a mechanism to improve health outcomes for DHH individuals [20–25]. For ex-
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ample, newborns with a positive genetic finding may pass physiologic NBHS as frequently
as 50% of the time yet are diagnosed as DHH later in childhood [15]. A population-based
study of this capacity also has the potential to identify novel genomic variants contributing
to DHH and other heritable disorders.

4. Ethical Dilemmas in Real Time

Given the comprehensive nature of SEQaBOO, various ethical dilemmas have arisen
and are illustrative of the portending future of genomic medicine. Incidental findings
from interpretation of the SEQaBOO genome analysis led to obtaining further Institutional
Review Board (IRB) approval to inform families of unanticipated research results. IRB
approval was given with the request pending assessment of “the need to know” as de-
termined by medical geneticists on the SEQaBOO staff. Although the etiology of many
babies’ DHH has been determined, the incidental findings exemplify the complexity and
ethical dilemmas that reporting genetic research results may have on the family of a
newborn. In addition, such knowledge can be burdensome for the healthcare team, specifi-
cally primary care clinicians. These clinicians are responsible for requesting confirmatory
testing of research results and may also have limited knowledge about genetic testing
and interpretation.

5. Lessons Learned: Copy Number Variants and Contiguous Genes

In addition to single nucleotide variants (SNVs), many genes associated with DHH
are characterized by well-known etiologic CNVs [26], making important the assessment
of the genome sequence for such anomalies. For example, large deletions of both copies
of stereocilin (STRC) can be etiologic in mild to moderate sensorineural deafness and are
responsible for 5.4–16.1% of DHH diagnoses in mixed-ethnicity populations [27]. Due to a
segmental duplication that leads to frequent non-allelic homologous recombination in the
STRC locus on chromosome 15, contiguous deletions of STRC and CATSPER2 genes [27,28]
may occur resulting in Deafness Infertility Syndrome (DIS) in males. Informing a family of
an infant’s hearing impairment can be valuable for clinical management, but concomitant
reporting of the possibility that a male child may have fertility problems in adulthood adds
additional distress for the family. SEQaBOO investigators identified a male participant
with contiguous deletions of STRC and CATSPER2. Due to the fact that SEQaBOO is
a research study designed to identify genes associated with hearing (and potentially
secondary findings as reported in ACMG SF v 3.0), SEQaBOO investigators debated
whether to disclose the associated infertility phenotype in a male newborn as the fertility
issue would be considered as an adult phenotype. In this case, a decision was made to
disclose this finding to the family, in addition to the origin of the DHH, for two reasons:
(1) DIS is a recognized heritable deafness syndrome including infertility in males, and
(2) the contiguous STRC/CATSPER2 deletion would be revealed to the family upon clinical
validation of the research result.

As part of this research study, all pathogenic CNVs are scored based on the American
College of Medical Genetics and Genomics recommendations for reporting pathogenicity
of CNVs [29]. Added benefit is derived in reporting CNVs associated with DHH; however,
given the complexity of interpretation for genome-wide CNV analysis, there are ethical
implications that warrant consideration. For instance, many CNVs detected in this study are
not likely to be pathogenic which leaves families without an etiology for their child’s DHH,
and may cause a psychosocial burden. Both positive and negative ethical implications arise
when determining which CNVs should be reported to families. For example, determining
a child’s etiologic DHH diagnosis can influence the future care and management of the
DHH, but identifying a variant associated with a later onset disorder can result in a
significant burden for the family, clinicians, and healthcare system. These findings present
the importance of developing guidelines for reporting CNVs identified in the newborn
period as part of a research study, especially when clinical confirmation may be beyond
available routine genetic testing. Another ethical aspect to consider is the benefit that
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reporting this information has for the child. Identifying a child’s predisposition to fertility
issues at birth can be the source of psychological distress and subject the child and family
to additional stress throughout the child’s life. Thus, it is imperative to respect the child’s
autonomy when complex ethical dilemmas arise; this is a challenge that will remain
apparent as genomic sequencing technologies and access to such technologies improve,
especially in population-based genomic NBS.

6. Lessons Learned: Variants of Uncertain Significance and Carrier Status

Genome sequencing can provide useful information that translates into a timely diag-
nosis, early intervention, and overall improvement of health outcomes. However, genome
sequencing presents a level of uncertainty whenever indeterminate results are identified.
Variants of uncertain significance (VUS) are genetic variants of uncertain pathogenic poten-
tial, as there is insufficient evidence to determine whether the variants cause the phenotype.
When clinicians receive such genetic results, additional investigations, such as research and
functional studies, clinical correlations, segregation analyses, and case-control statistics, are
needed to elucidate or rule out pathogenicity. Further, as broader genetic testing approaches
are implemented in medical care, the likelihood of obtaining uncertain results increases.
Discussion of testing limitations and the type of genetic results should be included regularly
during pre- and post-genetic counseling. Uncertain results may often have psychosocial
implications for both patients and clinicians, especially when a VUS is present in a gene, or
genes, related to the phenotype. However, as the clinical significance of a VUS is not well
established, such variants should not be considered in decisions for clinical management
or interventions.

Two potential paths are possible when disclosing VUSs. Some patients experience
a positive view or hope that learning indeterminate results most likely indicates that a
pathogenic or true diagnosis was not confirmed, whereas others may express adverse
emotions, such as distress, frustration, guilt, and confusion as they lack understanding of
what a VUS truly means for them or their clinical care [30]. Uncertain results also present
ethical dilemmas as they may cause patient dissatisfaction, mistrust of genetic testing, the
clinician or science, and uncertain clinical utility, thus complicating the counseling process.

Another source for uncertainty arises when sequencing the genome for DHH-associated
genes, as it is not uncommon to identify individuals carrying a single pathogenic genetic
variant in a gene associated with recessive DHH (i.e., the individual has a heterozygous
variant only in one copy of a gene associated with recessive DHH). Given that up to 80% of
DHH is inherited in a recessive pattern [6], there is potential benefit in reporting parental
carrier status for the risk associated for future children, whereas reporting carrier status
in a newborn provides limited benefit for the family and adds burden and concern. Thus,
ethically reporting carrier status in an infant who will not be of reproductive age for over a
decade provides minimal beneficence to the family and the child.

7. Lessons Learned: Chromosomal Structural Rearrangements

Previous studies highlight the importance of integrating the assessment of chro-
mosome rearrangements involving DHH-related genes into comprehensive genome se-
quencing; several cases have been detected of a chromosomal translocation was found to
disrupting a gene responsible for an individual’s DHH diagnosis [31–35]. Chromosomal
structural rearrangements may result in repositioning of segments of chromatin known as
translocations, inversions, and duplications/deletions, among others. These events can
result in balanced or unbalanced genomes. Balanced translocations are the most frequently
reported chromosomal structural rearrangements, estimated at approximately one per 500
individuals [36]. A balanced chromosomal translocation may not involve copy number
alterations or gene disruption and, most often, is not responsible for a clinical phenotype.
In fact, most balanced translocation carriers are unaware of their chromosomal rearrange-
ment. However, such a genetic alteration may be discovered during childbearing years
as individuals with such rearrangements are at increased risk of producing unbalanced
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gametes. This typically presents with a history of infertility due to recurrent miscarriages,
fetal death, or children born with congenital anomalies and/or physical–intellectual dis-
abilities [37]. When a member of a couple harbors a balanced reciprocal translocation, the
risk of having an affected child with congenital anomalies ranges from 6 to 12% [36,37].
Dong and co-authors present findings indicating that greater than 11% of couples with
recurrent miscarriage are at risk to have a chromosomal abnormality [38]. Thus, balanced
translocation information can be informative for reproductive planning and decisions.
However, its association with DHH may be etiologic or not yet known.

With the aid of our comprehensive genome analysis tools, the SEQaBOO study has
encountered two cases thus far of both an infant and one of their parents being a carrier
of a balanced chromosome rearrangement. In one case, it was possible the rearrangement
was etiologic for the child’s DHH as a hearing-related gene was disrupted, and the carrier
parent also had mild hearing loss. In the other case, the child ultimately passed their
audiology exam and did not have DHH, and it appeared unlikely the translocation would
cause a phenotype in the carrier (parent or child). The concern then became, not for the
proband, but for the young parents who were (possibly unknowingly) at risk of having
a child with an unbalanced chromosome complement. Furthermore, the proband would
have the same reproductive risk as the parents when of reproductive age. A decision
was made to disclose the finding of the translocations to both families, who were aware
from an infertility work-up that a member of each couple harbored a rearrangement. Both
newborns were conceived by in vitro fertilization (IVF), and no additional genetic testing
was performed on the embryos. While reproductive decision making is not included in
traditional Wilson–Junger screening criteria, newer criteria frameworks provide insight
into the added benefits beyond the individual child, such as family interests, but without
ignoring the best interests of the child [39].

8. Discussion

Advancements in technologies make possible the application of sequencing in new-
borns in a timely fashion. This enables interpretation of genetic variants as the molecular
etiologies for the clinical phenotype of interest. However, fully informative interpretations
of the pathogenicity of variants remains under development, and the possibility of unin-
tended discovery of incidental findings is challenging [40]. The burden and benefits of
knowledge obtained from comprehensive newborn sequencing warrants ongoing ethical
discussions and prudent considerations.

Genome sequencing is now able to provide information about chromosomal structural
rearrangements and occasionally offers clinical utility to identify the etiology of the disorder.
It remains important to consider, when involving parents (trio) or single parents (duo), that
such rearrangements can be informative for parents themselves, revealing an increased
reproductive risk for the couple and biological relatives. Identification of incidental findings
in newborns can affect future reproductive outcomes for the family and biological relatives
and may be unrelated to the initial indication for genetic testing. In such cases, thoughtful
and careful consideration of the utility and importance of reporting incidental findings on
newborns for late-onset situations comes with a burden for both the family and clinicians.

The clinical and research team should be aware of some key elements when disclosing
incidental findings to families involved in genomic NBS. It is important to contemplate
and appreciate the level of distress and anxiety a family may experience when receiving
results of incidental findings. This discussion is also impacted by the couple’s level of
understanding about genetic information, including different perspectives between the
couple themselves. An additional level of complexity is related to the parent’s actionability
towards these results, as most disorders with late-onset penetrance would not pose im-
mediate health implications. Physicians’ and/or researchers’ personal biases can impact
the perception of genomic incidental results, and awareness of this possibility should be
considered when deciding to report such results in the newborn period.
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With increased utilization of genetic testing will come complexities of interpretation
as researchers and clinicians work together to provide the best care for their research
participants or patients. Boundaries need to be delineated with regards to genomic data
that clinicians share with patients, especially if the genomic findings are identified as part
of a research project.

Increasing access to genome sequencing presents a learning curve in which clinicians,
patients, and the public will need to adapt to the ever-changing breadth of knowledge. It
remains crucial for clinicians to establish the best practices for reporting genomic results to
families to ensure patients’ best understanding. Clinicians are ultimately responsible for
communicating genomic results to their patients and should strive to deliver the knowledge
in a compassionate manner, such that it reduces excessive distress yet is accurate. This
is particularly relevant when it comes with the potential psychosocial complexities of
presenting information regarding a newborn’s reproductive future. That being said, it
remains important to identify the genetic etiology for a child’s DHH as it may impact
management and treatment. However, the need for appropriate genetic counselling will
continue to be essential, and experts in the field of genetics must be cognizant of placing
the burden of knowledge onto primary care physicians and other specialists.

When considering population-based genome sequencing in the newborn period,
equity and access to historically underrepresented populations will need to be carefully
guarded as it opens another set of ethical issues. Future projects utilizing genomic NBS must
first consider equity and diversity as a priority to provide access to advanced technologies
for all families to prevent the further broadening of existing healthcare disparities. Although
genome sequencing has become more accessible and more cost effective, limitations persist.
For example, the interpretation of genomic results is complicated by the lack of diverse
genetic ancestry reference data. Equitable access to genomic technologies is important, as
access to these technologies is frequently limited by economic factors as well as additional
social determinants of health. Other considerations must be kept in mind when proposing
equitable population-based NBS, such as follow-up medical care, further genetic testing,
and insurance coverage. Increasing knowledge of the genome and its workings brings
the benefit of better health outcomes but is not without additional burden as healthcare
systems cautiously learn their way forward.

9. Conclusions

Advances in sequencing technologies and analytic pipelines facilitate new discoveries.
Limited studies of this nature have made possible identification of unexpected findings in
newborn genome sequencing. Researchers and clinicians must work together to establish
optimal practices for reporting such information to families. Overall, the benefits of genome
sequencing in the newborn period are reflected in advancements in newborn screening
technologies. Various considerations with public trust in genomic science will facilitate
large-scale implementation.
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1. Introduction

Newborn screening was named by the Centers for Disease Control among the Ten
Great Public Health Achievements—United States, 2001–2010 [1]. This decade brought a
four-fold increase in the number of screened disorders and the development and adoption
of the Recommended Uniform Screening Panel (RUSP) by the Advisory Committee on
Heritable Diseases of Newborns and Children (ACHDNC) [2].

Currently newborn screening programs are set up to collect a specimen and send
it to the newborn screening laboratory within 48 h of birth, with results returned to
the pediatrician, and often a specialist, shortly thereafter. There is no parental consent,
although some States allow an “opt out” for religious or personal reasons. On the contrary,
the perinatal period is a time when most parents are recovering from birth, consumed by
the overwhelming adjustments of parenthood, and excited about the new baby. It is not an
opportune time for a detailed discussion of rare events and formal consent.

However, public health newborn screening without formal consent requires justifica-
tion based on the urgency, severity, and treatability of the diseases targeted [3]. In order
for the State to supersede the decision-making authority of parents over the health of their
child, the essential argument has been that irreparable harm will be done if the screening
does not proceed immediately. This points to both the seriousness and urgency of the
screened conditions. Thus, after identification of an affected infant, it is necessary that
effective treatment is available that can avert otherwise dire consequences. For this reason,
identification of untreatable conditions has never been accepted by newborn screening
programs as a goal of newborn screening. The constellation of these factors—seriousness,
urgency, and treatability—provides a compelling justification; the vast majority of parents
would consent, were they to fully consider the process [4].

Previous studies have considered newborn screening from the perspective of medical
ethics or medical economics. Here, we will discuss newborn screening from the perspective
of public health ethics within governmental ethics.

2. Discussion

2.1. Public Health Ethics as a Framework for Consideration of Newborn Screening

The State has many roles in conducting a newborn screening program. In addition to
providing laboratory testing and interpretation of results or contracting with professionals
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to do so, the State provides education to medical providers and to parents, coordinates
follow-up and provides payment for services in many newborn screening programs, con-
ducts epidemiological monitoring to better understand disease incidence and natural
history, regulates the entire newborn screening system, and makes sure that newborn
screening is provided for all newborns.

As such, the ethical evaluation of newborn screening can appropriately be located
within governmental ethics, and particular, public health ethics. The principles of public
health ethics focus primarily on improving population health overall, including health
equity, reducing disparities, and removing societal barriers to health. In all of these activi-
ties, individual autonomy may be limited, which requires a separate ethical framework
for analysis. Cass [5] has organized this framework as a series of six sequential questions
that any proposed public health project should be able to answer with supportive data.
Responses to these questions with regard to newborn screening for phenylketonuria (PKU,
MIM: 261600), the paradigm of newborn screening tests, show how these principles apply.

1. What are the public health goals of the proposed program? The goal of newborn
screening for PKU is the early detection of PKU to enable treatment (dietary modifica-
tion) to avoid irremediable damage to the newborn’s brain.

2. How effective is the program in achieving its stated goals? Newborn screening is
applied universally, so its reach is the entire population of newborns. Screening for
PKU has been highly effective at identifying cases, to the point that any reported case
missed by screening requires an investigation of causes and a plan for remediation.

3. What are the known or potential burdens of the program? A universal burden of
newborn screening is the loss of parental autonomy with regard to the medical care of
their child. Secondary burdens are those relating to positive results caused by other
factors than PKU itself. These off-target results require follow-up and a period of
uncertainty and anxiety in parents until PKU is ruled out.

4. Can burdens be minimized? Are there alternative approaches? Newborn screening
without parental involvement is considered unavoidable in order to maintain the
universality of the program. Two developments over the course of the decades
of screening for PKU have greatly reduced the burdens of off-target results. First,
the existence of hyperphenylalaninemia has been recognized, and infants identified
with this condition are not required to restrict their diets as severely. Second, the
screening test itself has become much more specific, first by the addition of the ratio
of phenylalanine to tyrosine, and later by interpretation of a much larger panel of
newborn screening markers. These developments have greatly reduced the number
of off-target results.

5. Is the program implemented fairly? As indicated previously, newborn screening has
always been implemented as a universal program. All newborns are tested, without
regard to birth location, insurance coverage status, or ability to pay.

6. How can the benefits and burdens of a program be fairly balanced? In general,
newborn screening for PKU has achieved a very high degree of recognition and
satisfaction for the real benefits that it has achieved. The loss of parental autonomy is
considered by some to be a reason for eliminating newborn screening entirely, but
that is very much a minority opinion.

Some recent additions to newborn screening highlight how problematic some of these
principles have become.

2.2. Three Problematic Recent Introductions to Newborn Screening

As newborn screening has evolved and has moved farther from the original principles
of Wilson and Jungner [3], disorders have been added to programs that raise issues from
the perspective of public health ethics. We look at three specific screened disorders, then
apply these public health ethics questions to them. Afterward, we consider the response of
some newborn screening programs to these issues.
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2.2.1. Krabbe Disease Screening in New York

The Newborn Screening Program of New York State was mandated by the New York
legislature to begin screening for Krabbe disease, a lysosomal storage disorder (KD.
OMIM:245200) in August, 2006. Orsini et al. reported on the first eight years of screening
in 2016 [6]. They found, that of 2,090,910 infants tested, there were 10,199 that required
retesting to confirm low enzymatic activity. From these, 620 were reflexed to molecular
testing. Within that group, 272 had only benign polymorphisms in the GALC gene and 348
were referred for follow-up.

The clinical outcome of these cases identified by screening was reported by Wasserstein
et al. [7]. Within the group of 348 infants referred for follow-up, the diagnostic testing found
that 203 were at no risk for infantile KD, 92 were at low risk, 37 were at moderate risk,
and 14 were at high risk, and 5 of those at high risk had confirmed early infantile Krabbe
disease (EIKD). The confirmatory testing included extensive neurological evaluation and
measurement of protein in CSF. These 5 families were offered hematopoietic stem cell
transplantation (HSCT). One family refused; based on the genetic result for the infant
they anticipated that treatment would not be successful. The other four infants were
transplanted, between 24 and 41 days of life. Of these infants, two died of transplantation-
related complications. The infants who were identified as high-risk but not EIKD were
followed for 1 to 9 years, with no symptoms of Krabbe disease.

Ehmann and Lantos [8] considered these data pointed to the positive predictive value
of the screening test of only 1.4%, which they characterized as too inefficient. A more recent
publication from New York [9] explains the current screening algorithm which involves
evaluating a panel of enzyme activities and other newborn screening markers. From a
population of roughly 260,000, the number of referrals was reduced from 48 to 10.

An essential tool of this more precise algorithm is the use of the Collaborative Labora-
tory Integrated Reports (CLIR, Mayo Clinic, Rochester, MN, USA) tools, which use data
submitted from multiple programs around the world for affected and unaffected newborns.
Combining multiple newborn screening analytes, in this case a panel of enzymes impli-
cated in lysosomal storage diseases, can provide this better separation of high-risk infants
warranting referral for diagnosis from other types of results.

Within the group of high-risk infants referred for diagnosis in the New York study,
almost two-thirds were ruled out from EIKD. This points to an additional need to refine the
screening test to be able to distinguish these subgroups of high-risk infants. Recent work
suggests that psychosine is very highly elevated in the EIKD group, and much lower in the
rest of the high-risk group. Implementing psychosine testing as a second-tier test within the
Krabbe screening algorithm can greatly improve the overall screening performance [10].

Considering the public health ethics framework questions, the question how effective
the program is at meeting its goals already points to potential problems. The goal of the
screening test is to diagnose and effectively treat EIKD. In the original implementation,
there were very many more off-target results than true positive results. Although a more
recent publication from New York shows that an alternative algorithm for the screening
test reduced the burden of these off-target results substantially, the data on the effectiveness
of treatment has been called into question as pointed out by Ehmann and Lantos. Ob-
serving these results from New York, several newborn screening programs have declined
to implement screening for Krabbe disease. In 2009, the ACHDNC considered screening
for Krabbe disease and did not recommend screening based on gaps in evidence. In the
intervening years, additional data and improvements in the screening algorithm suggest
that reconsideration may be warrented.

2.2.2. X-Linked Adrenoleukodystrophy

Newborn screening for X-linked adrenoleukodystrophy [X-ALD] was added to the
RUSP in 2016. X-ALD (MIM:300100) is an X-linked recessive disorder. Like Krabbe disease,
X-ALD has a variable phenotypic spectrum, from childhood onset cerebral adrenoleukodys-
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trophy, which is the target of newborn screening, to later onset forms, including isolated
adrenal insufficiency without central nervous system involvement.

The evidence review prepared for ACHDNC was definitive:

It is estimated that about 20% of heterozygote females have VLCFA plasma levels
within normal limits. However, because females with X-ALD do not typically
experience symptoms until adulthood, if ever, they are not a target of newborn
screening. [11] (p. 5)

Nonetheless, screening for X-ALD includes the entire population, males and females.
Advocates of screening point to benefits of screening females, including the potential to
identify females who might experience symptoms later in life, and the indirect identifi-
cation of mildly affected older siblings or other male relatives who had been previously
undiagnosed.

In newborn screening for X-ALD, the benefits accrue almost entirely to males, and the
burdens primarily to females. This suggests that the program as implemented is unfair,
and alternative approaches should be considered. In this case, the need for immediate
treatment is lower, so it is possible to consider a screening test offered somewhat later by
the pediatrician. This would also allow time for discussion and reflection on the part of
the parents.

The newborn screening program in the Netherlands decided to go forward with a boys-
only newborn screen for X-ALD with a four-tier algorithm. To avoid errors in recording
the sex on the heel-prick card, the screening algorithm includes a count of X-chromosomes.
Only infants with a single X-chromosome go on to further tiers of screening [12].

2.2.3. Pompe Disease

Pompe disease (MIM:232300) is another lysosomal storage disorder; it was added to
the RUSP in 2013. Like the above conditions, Pompe disease has both infantile-onset and
late-onset forms, with approximately 28% being infantile-onset. The classical infantile onset
form includes cardiomyopathy, a primary cause of neonatal morbidity in this condition.

The screening test as initially implemented had a high false positive rate and con-
sequently a low positive predictive value. More recent research has shown that a larger
panel of newborn screening analytes combined with the CLIR tools for lysosomal stor-
age disorders is better able to distinguish between the true positive cases from the false
positive/pseudodeficiency cases [13].

Screening for Pompe disease has also highlighted the reality for individuals with
late-onset disease identified as newborns [14]. There is no consensus on the clinical care
for these patients—what tests to order and how to interpret them, what treatments to
consider and when to begin them. Essentially, newborn screening enrolls these patients in
an unconsented clinical trial of case management. This cannot be considered a valid goal of
newborn screening.

2.3. Genomic Newborn Screening Requires Multiple Ethical Considerations

Over 400 genetic conditions have been identified [15] as meeting the initial screening
criteria: pediatric onset, some level of severity, and some ability to intervene. Within
this group, there is a smaller subset of disorders with newborn onset that are serious
and highly actionable. Some of these, in the absence of any other testing method, could
be the targets of a DNA sequencing-based newborn screening test. The goal of this test,
like all newborn screening, would be the identification of affected infants and the early
treatment of the condition to prevent adverse consequences. It is unlikely that such a
screening test could be implemented effectively. The DNA sequence results identify
variants in the gene, but the inference of the possible disease state—whether early-onset,
late-onset, or not penetrant—is difficult to predict for some conditions. One possibility is to
restrict the group of target conditions still further to conditions that have well-developed
genotype/phenotype correlations.
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In addition, it will be difficult, if not impossible, to implement genomic newborn
screening in a way that treats the population equitably. The interpretation of the clinical
significance of the variants detected by sequencing relies on genomic databases. However,
the existing databases of genetic variants overrepresent the variants found in individuals of
European ancestry and underrepresent the variants in individuals of other ancestries. The
consequence of this divergence is an increased likelihood of finding a variant of uncertain
significance (VUS) in individuals of underrepresented ancestry. Whether VUSs are released
to the patient or not, the implication is that the performance of genomic newborn screening
will be different for different populations. This issue in particularly important in parts
of the United States with large immigrant populations from Mexico, Central and South
America. Due to the expense of genetic testing in their home countries, these individuals
tend to be underrepresented in genetic databases.

One burden of genomic newborn screening is structural within the public health
department. Genomic sequencing is currently more than two orders of magnitude more
expensive than any current newborn screening test. Budgets for newborn screening are
not limitless, and fees cannot be raised arbitrarily without limit. The introduction of
genomic newborn screening has the potential to divert resources from other responsibilities,
including follow-up, diagnostic testing, and treatment. The expense of genomic sequencing
also has the potential to absorb funds that the larger public health department might
need for other priorities. The scale of the funding involved could imply a significantly
more convoluted contract management process, with additional levels of State supervision
beyond the newborn screening program.

Another population-wide burden arises from sequence data as intensely personal data
for the newborn, but which also has implications for the parents. This challenge to trust
will require the newborn screening program to practice extreme transparency in how the
DNA is used, whether residual DNA is stored, how the sequence data is generated, and
how the results will be safeguarded for the future. The possibility of future use of the data
or the DNA for the benefit of the individual (by reinterpretation of variants) or for more
general public health benefit (from research) must be explicitly communicated. Potential
harm to the same person might arise from law enforcement requiring access to DNA or
data for future forensic identification purposes of the person or relatives.

The clear alternative is to undertake genomic newborn screening only after detailed
discussions with parents about the kinds of results and the implications for diagnosis and
treatment. Parental preferences will need to be elicited, recorded, and complied with.

Failure in any of these areas of public health ethics has the potential to dramatically
undercut the public’s trust that the newborn screening program is acting in the public
interest. This increased distrust is one precondition for the crisis to come.

2.4. The Coming Storm

A significant threat to the future of newborn screening is political polarization driven
by social media. It is plausible that the social media environment is primed to attack
genomic sequencing in newborn screening. Any online discussion of universal DNA
sequencing will attract the single-word comment “GATTACA”, referring to the dystopian
film from 1997 about a eugenic future of genetic determinism. It is easy to imagine that
the announcement by a single State of genomic newborn screening without parental
involvement will catalyze a group of privacy absolutists who begin with a deep suspicion
of governmental activity to mount an online campaign against all newborn screening.
With the example of the social media campaign against vaccination for SARS-CoV-2, we
can see how a small number of highly influential individuals created dissension that was
magnified by millions of followers and amplified by social media algorithms that prioritize
controversy and outrage. In addition, there are groups of malign actors who seek not to
promote policy, but to foment distrust of government and discord in the population.

The threat of political polarization can already be seen in the controversy over the stor-
age and future use of residual dried blood specimens from newborn screening that are ob-
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tained without explicit consent for storage or use, exemplified by the lawsuit Kanuszewski
vs. Michigan Department of Health and Human Services, discussed below.

The controversy over dried blood spots points to a second, and potentially more
serious, threat to the future of newborn screening: a constitutional challenge to the State’s
ability to do newborn screening at all. A recent case from Michigan, Kanuszewski vs.
Michigan Department of Health and Human Services, was heard by the United States
Court of Appeals, Sixth Circuit. This complicated case involves allegations that rights of
(a) the newborn and (b) the parents were violated with regard to: (1) the collection of the
specimen and (2) the storage and future analysis of the residual dried blood spot. In the
Court’s ruling, the analysis of standing and the analysis of the claims regarding the newborn
and the parents were separated into four combinations. When the Court considered the
claim that the newborn’s rights had been violated by the specimen collection [ax1], the
Court first noted that the State’s sovereign immunity precluded the claims. However, the
Court further noted that the newborn does not have a right to direct their own medical
care, so that there was no constitutional violation. However, when the Court ruled on the
parents’ claim [bx1], the State’s sovereign immunity again precluded the claim, but the
Court declined to go further into an analysis of the constitutional issue:

In contrast with the issue discussed in the previous section [RJC: regarding the
rights of the newborn], we cannot easily say, based on the allegations in the
Complaint, that the drawing of the children’s blood “do[es] not make out a
constitutional violation” of the parents’ substantive due process right to direct
their children’s medical care. Id. The Supreme Court has suggested that we
might decline to exercise our jurisdiction in situations where “it is plain that a
constitutional right is not clearly established but far from obvious whether in fact
there is such a right”. Pearson, 555 U.S. at 237, 129 S.Ct. 808. Because this issue
presents such a situation, we decline to rule on whether the initial drawing of
blood violated the parents’ substantive due process rights. [16] (p. 416)

This ruling points to the thinness of the thread that supports newborn screening.
Another court, in another jurisdiction, may choose to go further and rule that the collection
of the newborn screening specimen is an unconstitutional violation of the Fourth and
Fourteenth Amendments. A ruling to that effect would require immediate and radical
restructuring of newborn screening, with the possibility of a significant hiatus during the
restructuring process resulting in significant irreversible but preventable harm to infants in
the short term, and, if the mandate of newborn screening for all were eliminated, in the
long term as well.

2.5. Sustaining Newborn Screening Will Require Challenging Adjustments
2.5.1. Establish, Maintain, and Monitor a Very High Standard for the Positive Predictive
Values of Newborn Screening Tests

The genetics workforce is under increasing pressure to do more. Furthermore, the
number of new genetic counselors, clinical geneticists and medical geneticists being pro-
duced is not sufficient to meet the demand. False positive results from newborn screening
can produce a larger burden in diagnostic work-up than true positives, because it is a
matter of ruling out all possibilities, a process that can require multiple visits to specialists
over months to years. As stewards of the human resources of the follow-up programs,
newborn screening has the responsibility to avoid excessive false positive results. Each
screening test should aim for fewer false positive results than true positive, i.e., for a PPV
greater than 50%. The examples of the use of CLIR tools for both Krabbe disease and Pompe
disease show that this benchmark can be achieved. It does require a collaborative effort
to collect and unify the world-wide data on these rare diseases. Additionally, second-tier
genetic testing (either mutation panels or sequencing) applied to a selected group of genes
is currently being used in NBS programs to reduce false positive rates. Some of the issues
of genetic testing cited above do not apply, principally because the first-tier positive NBS
test provides an initial phenotype and indication that further testing is warranted.
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2.5.2. Implement Only Screening Tests That Can Single Out Early Onset Forms of a
Disorder to Avoid Reporting Late-Onset and Non-Penetrant Forms

Of all results other than true target disorders, late-onset forms create a substantial, and
ongoing burden for the follow-up center. The infant will need to be followed periodically
to determine if or when clinical indications of disease may appear, and then to plan and
monitor an ongoing treatment regimen.

In addition, the parents of infants with a late-onset disorder identified by newborn
screening could justifiably feel that their consent should have been obtained before the
screening went forward. The larger this cohort becomes, the greater possibility that a group
of parents will decide to sue the State to end the practice.

2.5.3. Include in Newborn Screening Only Disorders That Have Serious, Irremediable
Consequences within the First Weeks of Life

The only defense that the State can offer to a parental suit alleging a due process
violation in the failure to obtain consent for newborn screening is for the State to assert
that screening was a matter of preventing death or severe disability for the infant. If the
designated follow-up for a disorder identified by newborn screening is watchful waiting
and periodic monitoring for the first year of life or more, this defense would not apply, and
the suit could prevail.

In the event that the Court rules that screening for a particular disorder without consent
is not permitted, the transition to removing that screening test could cause disruptions to
the overall screening process. In some LIMS systems, the removal of a screening test would
need support from the LIMS vendor. At the same time, parents of infants who were not
identified as having the condition could feel that the State did them harm, which might
also result in legal liability for the State.

2.5.4. Develop a Life-Course Staged Approach to Public Health Genetic Screening

Disorders that do not meet the urgency criterion above may still be important targets
for public health screening. Other medical screening tests, for example colonoscopy, have
a schedule of examination tailored to the individual’s medical history, including family
history, and previous testing. Genetic screening needs to expand the time frame to allow for
more complex discussions of what testing will entail, what kinds of results may arise, and
what follow-up may ensue. As the child becomes older, they may also have a perspective
that needs to be included.

The challenge will be to institute expanded screening beyond the newborn period in a
way that makes it available to all, in the same way that newborn screening is. Advocates
hoping to include additional disorders in newborn screening underline the importance of
identifying all affected infants. A similar assurance that screening will be available to all
will need to accompany genetic screening tests carried out later in life, while recognizing
that some families may choose not to participate. The Early Check program in North
Carolina has begun to explore later newborn screening with consent. This program grew
from a desire to implement early screening for Fragile-X syndrome, while recognizing that
the testing is unsuitable for the standard newborn screening system [17]. As an additional
example, the State of California has made prenatal screening for certain birth defects
available to all residents of the State who consent to have it, originally through serum
biomarker testing of a maternal blood sample and ultrasound, more recently by analysis of
cell-free fetal DNA in maternal blood (noninvasive prenatal testing or screening, referred
to as NIPT or NIPS).

2.5.5. Alternatively, Find a Way to Inform Parents about Newborn Screening and Get
Genuine Consent

Consent for newborn screening has long been resisted, in the belief that the consent
process is too burdensome and poorly comprehended during the period immediately
following the birth and that the impact of parental refusal to consent will be primarily borne
by disadvantaged populations. There has been substantial research on the effectiveness of
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prenatal education about newborn screening and about the use of the residual DBS [18]. If
the transition from prenatal care to neonatal care were smoother, it might be possible to do
much of the education and consent for newborn screening during prenatal care.

3. Conclusions

The issue of consent for newborn screening seems to be fundamental for its future.
It seems likely that genomic sequence data will be determined to be Protected Health
Information (PHI) as being inherently identifiable. Such a determination is likely to increase
pressure on NBS programs that use sequence data to get consent for its generation and
storage. New screening tests are likely to take a longer time for development and refinement
to meet screening standards. This will imply an extended period of pilot testing, at first
with consent; then later, perhaps, without.

Newborn screening has been a tremendously successful public health program. How-
ever, the future of newborn screening is not guaranteed. We should not go forward without
considering whether what we do today will make its survival more or less likely.
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Abstract: Technological advances and decreasing costs of genomic sequencing have paved the way
for the increased incorporation of genomics into newborn screening (NBS). Genomic sequencing
may complement current NBS laboratory analyses or may be used as a first-tier screening tool to
identify disorders not detected by current approaches. As a large proportion of infant deaths occur
in children with an underlying genetic disorder, earlier diagnosis of these disorders may improve
neonatal and infant mortality rates. This lends an additional layer of ethical consideration regarding
genomic newborn screening. We review the current understanding of genomic contributions to infant
mortality and explore the potential implications of expanded access to genomic screening for infant
mortality rates.
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1. Introduction

Genetic disorders underlie a substantial proportion of infant deaths, particularly in-
fants with congenital anomalies and those admitted to an intensive care unit. Additionally,
genetic diagnoses have also been identified in a large proportion of apparently healthy
infants who die unexpectedly, although many genetic conditions likely remain undiscov-
ered due to a lack of testing [1–4]. The early diagnosis of treatable genetic conditions may
facilitate access to appropriate therapies. Conversely, the identification of a genetic diag-
nosis with a poor prognosis may aid families in the decision to withdraw life-sustaining
technologies and transition to comfort-focused care [5]. Furthermore, identification of a
condition with a high recurrence risk in future pregnancies of the infants’ parents may lead
to additional options for reproductive planning, thereby avoiding future infant deaths [4].
Current diagnostic genetic workflows are designed to initiate genetic testing after an infant
develops disease symptoms, at which time therapies may not be clinically useful [5,6].
There is increasing interest and an international effort to incorporate genome-wide se-
quencing into newborn screening approaches, though ethical considerations and other
implementation concerns remain unresolved. Here, we comment on the implications of
this approach for infant mortality reduction.

2. Infant Mortality: The Genomic Landscape

Prior studies have investigated genetic diagnosis in postmortem cohorts [1,3,6–10]
and described outcomes that include mortality after diagnostic genetic testing in infants
admitted to intensive care units [4,11], as well as mortality outcomes after prenatal diagno-
sis [12]. These studies have identified varying diagnostic yields that are dependent upon
how the cohort was ascertained, with cohorts of sudden, unexpected infant death being
identified at a yield of approximately 10% [3,13], while cohorts involving deaths in an
intensive care unit setting approach 25–30% [1,4,14].
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The spectrum of diagnoses identified also varies by cohort. Genes associated with
epilepsy or cardiac arrhythmia are often implicated in cases of sudden, unexpected infant
death [3,13] occurring in an apparently healthy infant. Diagnoses identified in cohorts
ascertained from intensive care units include multiple malformation syndromes attributed
to common aneuploidies or other chromosomal disorders, such as trisomies 13 or 18, or
22q11 deletion syndrome, in addition to monogenic conditions associated with congenital
anomalies, severe neurologic conditions, or genetic conditions not typically associated with
structural anomalies, such as inborn errors of metabolism [1,15,16].

As these genetic diagnoses are typically identified by a chromosomal microarray or by
massively-parallel sequencing technologies, they would be amenable to early detection via
genomic sequencing from the dried blood spot obtained for traditional newborn screening,
provided appropriate pre-test counseling and consent is obtained [17]. Several genetic
conditions, particularly inborn errors of metabolism in addition to spinal muscular atrophy,
are already included in newborn screening panels in many programs in the United States
that have a selective approach, where conditions are identified for inclusion in newborn
screening panels based upon particular criteria—ideally, conditions for which early treat-
ment is available and leads to meaningful improvements [18]. However, many additional
conditions leading to death that were once not treatable may now be amenable to precision
treatments or other targeted therapy approaches, particularly as anti-sense oligonucleotide
and gene therapies are rapidly emerging [19].

3. Current Barriers to Understanding

Our understanding of the depth and breadth of genetic conditions responsible for
infant deaths is limited by several factors. First and foremost, the lack of population-based
approaches for a comprehensive genomic evaluation of infant deaths limits our abilities
to quantify the public health impact of these diagnoses. Conclusions identified from
current cohorts are therefore limited by selection bias. In addition, the interpretation of
variants identified is limited in the perimortem setting due to a lack of ability for follow-
up investigations. Thus, many infants with genetic conditions are never identified, and
the experience with genetic diagnosis in pediatric populations suggests that this may
disproportionately impact historically underserved populations, though further research
is needed into inequities in this realm [20,21]. Thus, this is a public health concern with
particular bioethical overtones.

Finally, limited outcome data preclude accurate estimates of mortality rates for condi-
tions that are identified in the perinatal setting. Attempts to quantify these mortality rates
have been undertaken for specific diseases, such as genetic leukodystrophy syndromes [22],
though accurate estimates are limited by challenges in death reporting, where specific
genetic conditions are difficult to identify [23].

4. Impact of Genomic Newborn Screening on Infant Mortality

Genomic newborn screening has the potential to reduce infant mortality by identifying
infants with treatable diseases prior to the onset of irreversible symptom progression,
leading toward the improved management of neonates and infants with a range of genetic
disorders, although the spectrum of possible impacts is not currently well understood. If
applied on a population-wide scale, genomic newborn screening techniques may allow for
more a comprehensive description of genetic diagnoses associated with infant deaths by
eliminating the inherent bias in the access to a clinical diagnostic genetic evaluation, where
many infants die before genetic diagnoses can be identified, as our current knowledge
of the prognosis for these conditions is biased toward those who survive long enough
to have genetic testing. Although prior research suggests that genomic sequencing is
a robust method for the detection of treatable conditions [24], issues related to ethical
implementation, particularly informed consent, remain to be fully addressed. If newborn
screening is not fitting as a system to incorporate this type of genetic screening due to
constraints related to costs and timely results, broad genomic sequencing may be introduced
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as routine outside of newborn screening: e.g., tailored to the newborn population with
emerging health issues.

Nonetheless, dedicated efforts must be undertaken to move toward equitable im-
plementation if genomic newborn screening is to be introduced. Additionally, disorders
may be identified for which there are current or emerging therapies that lead to improved
survival, though, again, ensuring equitable access to such therapies is paramount to up-
holding the ethical principle of justice in healthcare. Finally, conditions can be identified
that have implications for parents’ future childbearing, and the identification of a precise
genetic diagnosis can aid in pregnancy planning that can further reduce neonatal and
infant mortality.

5. Conclusions

Genomic newborn screening presents a unique opportunity not only to identify and
manage infants at risk for long-term medical sequelae of a wider range of underlying
genetic conditions, but also to understand and potentially reduce rates of infant mortality.
Resource availability regarding the broader application of genomic newborn screening
remains a valid concern and area of further focus. Still, understanding this approach and its
potential as an important public health outcome of infant mortality may provide additional
ethical justification. Critical to the success of this approach is the equitable implementation
of genomic newborn screening in addition to resources devoted to accurately capturing
health outcomes.
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Abstract: Inborn errors of immunity (IEI) are a group of over 450 genetically distinct conditions
associated with significant morbidity and mortality, for which early diagnosis and treatment improve
outcomes. Newborn screening for severe combined immunodeficiency (SCID) is currently underway
in several countries, utilising a DNA-based technique to quantify T cell receptor excision circles
(TREC) and kappa-deleting recombination excision circles (KREC). This strategy will only identify
those infants with an IEI associated with T and/or B cell lymphopenia. Other severe forms of IEI
will not be detected. Up-front, first-tier genomic-based newborn screening has been proposed as a
potential approach by which to concurrently screen infants for hundreds of monogenic diseases at
birth. Given the clinical, phenotypic and genetic heterogeneity of IEI, a next-generation sequencing-
based newborn screening approach would be suitable. There are, however, several ethical, legal and
social issues which must be evaluated in detail prior to adopting a genomic-based newborn screening
approach, and these are discussed herein in the context of IEI.

Keywords: inborn errors of immunity (IEI); newborn screening; next-generation sequencing (NGS);
whole-exome sequencing (WES); whole-genome sequencing (WGS); ethical, legal and social consider-
ations (ELSI)

1. Introduction

The aim of newborn screening programs is to identify infants with a range of significant
conditions for which there is a pre-symptomatic phase and effective treatment is available.
Since the description of phenylketonuria (PKU) in the 1930s and subsequent establishment
of a laboratory assay to identify asymptomatic infants with this condition in the 1950s [1],
there have been significant technological advances that have enabled an expansion of the
number and range of treatable conditions identified through newborn screening (NBS)
programs. Traditionally, newborn screening tests have centred around a tandem mass-
spectrometric (MS/MS) approach, which is effective in identifying a range of conditions
including inborn errors of metabolism, congenital hypothyroidism and congenital adrenal
hyperplasia. Technological advances have driven the expansion of NBS programs to include
a wider range of diseases [2], for example, severe inborn errors of immunity (IEI) such as
severe combined immunodeficiency (SCID), using DNA-based technologies (measurement
of T cell receptor excision circles (TREC) and kappa-deleting recombination excision circles
(KREC) by quantitative PCR).

Inborn errors of immunity are a heterogenous group of disorders which manifest as
severe, unusual or recurrent infections; immune dysregulation (including autoimmunity);
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and other clinical features. There are now over 485 different monogenic IEI which have been
described, and this number continues to increase at a rapid rate [3]. Marked diagnostic
delay (up to several years) and a long ‘diagnostic odyssey’ are experienced by many
affected individuals. This results in delayed treatment and subsequent increased morbidity,
mortality and poorer outcomes. SCID is a particularly severe IEI which presents in infancy
and is fatal without definitive treatment with either allogeneic hematopoietic stem cell
transplantation (HSCT) or gene therapy (GT). Outcomes are significantly improved if this
is undertaken at an early age (preferably prior to 3.5 months of age) to avoid infections and
other complications at the time of transplant [4]. This requires a diagnosis to be made in the
first few weeks of life. In the absence of a known family history or prenatal diagnosis, this
can only be achieved by screening infants in the neonatal period; hence, newborn screening
for SCID has commenced in many countries throughout the world [5].

Current screening methodologies for SCID involve assays measuring TREC and/or
KREC levels, which are surrogate markers for naïve T and B cell production and enable
the identification of a range of IEI where T and/or B cell lymphopenia are a feature [5].
However, IEI are clinically, phenotypically and immunologically heterogeneous; thus, this
screening approach will not capture all clinically relevant forms of IEI, including condi-
tions such as neutrophil disorders, complement deficiencies and familial hemophagocytic
lymphohistiocytosis (HLH). A range of alternative methodologies, including protein-based
assays and copy number variant analyses, have demonstrated a proof of concept that
screening for these conditions is possible [6–9]. However, employing a multitude of differ-
ent methodological strategies for a range of conditions is not practically nor economically
feasible. Given that IEI are genetically determined, an alternative approach would be
concurrent, parallel screening of hundreds of disease-causing genes using next generation
sequencing (NGS), employing either whole-exome sequencing (WES) or whole-genome
sequencing (WGS) as an up-front, first-tier testing strategy. This challenges the current
paradigm, whereby genetic sequencing is employed as a second- or even third-tier test in
newborn screening algorithms. Despite disease heterogeneity, many forms of IEI have one
commonality: an identifiable genetic target. This suggests that an NGS-based screening
strategy is a rational approach, providing a single platform to screen for hundreds of
diseases simultaneously.

An NGS-based screening approach is particularly suitable for the identification of
infants with IEI based on disease heterogeneity, lack of a suitable biochemical marker to
screen for all conditions simultaneously, and the genetic basis of this group of disorders. At
the same time, we believe that there is further scope for its application in newborn screening
for other conditions with a monogenic basis, including inborn errors of metabolism and a
large range of other conditions. NGS provides a single modality which enables parallel
screening for hundreds of different disorders which differ in terms of clinical phenotype
and disease-specific biomarkers, making it an attractive option for newborn screening.

The feasibility of a first-tier, rapid WGS-based newborn screening approach has been
demonstrated by Kingsmore et al., who identified 388 clinically actionable conditions in
2208 critically unwell neonates in Intensive Care Units with 99.7% specificity and 88.8%
sensitivity [10]. Genetic screening of sick newborn infants rarely presents any ethical, legal
or social concerns, and is currently regarded a routine medical service. Other studies have
also demonstrated the utility of NGS in providing a definitive genetic diagnosis in patients
with rare diseases, informing disease prognostication and enabling commencement of
effective treatment [11]. This work has demonstrated proof of concept of NGS testing
approaches to improve diagnostics and clinical care of acutely unwell infants. In particular,
it has provided evidence for the application of this methodology and the provision of
rapid results to facilitate time-critical clinical decision making. These findings may be
extrapolated to NBS programs, which rely on rapidly available results for early intervention.
This approach has been demonstrated to be an effective testing modality to screen for
hundreds of different genes simultaneously. There are some differences, however, in that
the majority of unselected newborns undergoing screening for disease will be ‘healthy’.
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Thus, first-tier screening of ALL newborns, as we are advocating, requires careful reflection.
This screening approach has already been evaluated in a study of 321 unselected newborns
in China, in whom first-tier WGS identified pathogenic or likely pathogenic variants
associated with 59 Mendelian disorders in one-third of screened neonates [12]. There is a
view to further evaluation in other, larger, prospective newborn screening programs, as is
the case with the Genomics England Newborn screening project [13]. Table 1 highlights
the findings of NGS-based screening studies to date, including both unwell infants and
unselected newborns [10,12,14–19].

There are several considerations which must be made prior to adopting a first-tier
NGS-based screening approach for IEI, spanning those of a practical nature (turn-around
time, costs, clinical follow-up protocols, etc.) and methodological and technical factors (test
characteristics and acceptability, quality assurance, bioinformatic pipelines and analysis,
variant calling, etc.) [20]. NGS-based techniques include both WES and WGS, and the
choice of methodology is based on a number of factors. The current standard clinical
approach to genetic investigation of patients with a suspected IEI involves the evaluation
of a ‘panel’ of IEI-associated genes by WES. This panel-based WES approach has also been
used in the majority of NGS-based NBS studies to date. It is anticipated that over time,
these panels will expand to include a broader number of genes in alignment with new gene
discovery. WGS will further increase the diagnostic yield. Methodological options will,
thus, likely evolve and change over time. Importantly, ethical, legal and social issues (ELSI)
must also be considered and rigorously evaluated, as this forms an important part of the
dialogue around genomic-based screening [20]. These factors will now be discussed in the
context of newborn screening for IEI.

1.1. Selection of Disease Candidates for Newborn Screening Programs

Wilson and Jungner published their recommendations for population screening in
1968 [21], outlining criteria to guide disease inclusion in screening programs. There have
been recent calls to update these criteria in the context of technological advances and
new therapies [22–25]. These updated criteria were recently reviewed in the context of
newborn screening for IEI, highlighting the need to both consider alternative approaches
and increase the spectrum of screened diseases, particularly in the context of developing
new and improved therapies [20]. A more recent set of criteria was subsequently published
by the US Advisory Committee on Heritable Diseases in Newborns and Children [26].
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A wealth of information is generated from genetic sequencing; thus, careful considera-
tion must be given to the specific disease candidates and specific disease-associated genes
which should be included in NBS programs. In the case of IEI, along with the identification
of clear pathogenic mutations in disease-associated genes, there is potential for the discov-
ery of variants of unknown significance (VUS), carrier statuses for diseases which may
have relevance for individuals in their later reproductive years and adult-onset conditions.
It is anticipated that each individual will be a carrier for one or more conditions. Some
clinically heterogenous conditions may be associated with VUS or variants giving rise to
sub-clinical disease. In addition, advances in knowledge may lead to the reclassification
of variants previously assigned as VUS to pathogenic, with potential implications for the
clinical management of individuals. All of these situations, as well as how they will be
managed, need careful consideration, including the risk–benefit profile of disclosure (or
non-disclosure) of various findings, which poses a challenge both ethically and clinically.
It is likely that our approach will change over time as technological and methodological
changes and increased knowledge is gained. At the current time, we would advocate
that only those genes in which mutations are associated with clinically actionable IEI be
included in newborn screening panels [20]. This is also supported by Johnston et al., who
recommend screening only for select diseases in NBS programs for which treatment is
available, and focusing only on pathogenic mutations [27]. With increased research and
experience regarding this approach, and acquisition of knowledge over time, this will be
refined. This will include modified disease and gene lists for interrogation, which will
be regularly reviewed and updated in accordance with new findings, given that novel
monogenic diseases will continue to be described and new therapies will become available.
In addition, our ability to better classify and resolve VUS will also improve in the future.

There are now several hundred monogenic IEI which are broadly categorised into ten
groups [28], but these are highly variable in terms of disease presentation, severity and
available treatment options. These conditions, in the context of future NGS-based NBS
programs, were reviewed in detail by King, Notarangelo and Hammarström in 2021 [20].
Although it was highlighted that all forms of IEI have potential interventions which will
reduce morbidity and mortality and improve the quality of life of affected individuals,
it was advocated that early genomic-based NBS programs should aim to identify infants
with well-defined, significant and clinically actionable conditions which have effective
treatments [20]. In the first instance, this would include conditions for which potentially
curative therapies are available, including SCID, other combined immunodeficiencies
and chronic granulomatous disease, which can be cured with successful HSCT or gene
therapy. In addition, it was advocated that in the first instance, carefully selected and
disease-associated genes be interrogated for known pathogenic mutations giving rise to
clinical disease, with a view to expand both gene and variant lists over time in alignment
with technological advancements, improved knowledge and increased experience with
newly described IEI and IEI-associated variants [20]. There is a significant international
effort underway to define, construct, curate and harmonise a comprehensive database of
conditions and genes for IEI and a range of other conditions for diagnostic testing [29].
Applications such as PanelApp (https://panelapp.agha.umccr.org/) (accessed on 15 De-
cember 2022) are important for facilitating this collaborative process. Such efforts are
especially important in the lead-up to NGS-based NBS pilot studies. These lists will no
doubt continue to be critically analysed and further developed prior to implementation,
and then regularly reviewed and updated once these programs are established.

1.2. Genetic Screening Will Enable Us to Identify a Wider Range of Clinically Actionable
Conditions

The ethical, social and legal considerations of first-tier NGS-based screening are closely
intertwined with the practical, methodological and technical factors of both the testing itself
and the handling of genetic information during and after testing. In addition, our current
(and future) medical knowledge determines which conditions can be identified, and with
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what level of certainty diagnoses can be made relative to the risk of false positives and false
negatives. One particularly salient factor is whether NGS-based screening would be used as
an exclusive first-tier approach or used in combination with current testing methodologies,
based on biochemical and other markers. In the case of IEI, TREC/KREC enumeration
is the only current, routinely available screening assay, and would only identify a small
proportion of the many forms of IEI. Conversely, some infants returning an abnormal TREC
and/or KREC result would not have an identifiable monogenic disease. As such, if used
in combination with current techniques, genomic testing will both broaden the range of
identified diseases and improve precision. Similarly, there are other conditions in addition
to IEI that would not be identified by genetic screening, but would be found by screening
based on biochemical or other markers. Given this fact, it remains to be seen whether
first-tier NGS-based screening will replace current methodologies, be used where current
methodologies do not exist (e.g., for diseases where there is no current MS/MS platform)
or be used in tandem, and whether these factors may need to be different for specific
diseases in order to increase diagnostic yield. A recent evaluation of MS/MS versus NGS
screening approaches for inborn errors of metabolism suggested that the former is superior
at the current time in terms of sensitivity and specificity [30], although this suggestion has
been challenged [10,12]. This issue requires further evaluation in the future once results
of larger, prospective studies evaluating first-tier genomic-based NBS are available. From
the perspective of IEI, aside from those conditions identifiable by TREC/KREC screening,
as aforementioned, there is no alternative testing strategy currently available. Thus, NGS-
based testing would hence be the only option, aside from the few diseases where MS/MS
testing may be a possibility (ADA deficiency and purine nucleoside phosphorylase (PNP)
deficiency) [31,32].

2. Ethical, Legal and Social Implications (ELSIs) in Screening for IEI

We can distinguish a number of ELSIs that will be relevant to different extents for
different screening approaches, including NGS-based NBS for IEI. Many of these are further
discussed in detail by Johnston et al. [27]. Herein, we have divided the key ELSIs into two
main categories: the relatively direct effects of testing on the individual level, and the more
indirect or conditional effects that depend on what solutions are found at the societal level.
We will now address these two categories in turn in the context of IEI, while distinguishing
within those categories the major, more specific issues, as we see them.

2.1. Individual: Physical and Psychological Well-Being

Genomic screening will enable the diagnosis of conditions that would be missed
using current testing modalities. As such, this approach will result in both an increase
in the breadth of different IEI identified at birth and an increase in the overall number of
cases identified. The resulting improvements in health and physical well-being represent
the obvious rationale for introducing first-tier genetic screening. More children will be
diagnosed with IEI and receive effective treatments earlier. In addition, in the context of
pharmacogenomics, the potential for adverse reactions to medications may be identified
prior to drug administration, which will enable the prevention of predictable and avoidable
adverse outcomes. If the testing method is such that it avoids false negatives, there is also
an informational benefit for those who are found not to have any actionable conditions. On
the other hand, with a risk of false negatives comes not only the risk of being misinformed
about disease susceptibility, but also the risk that a particular condition, such as SCID or
XLA, will be under-diagnosed because it is known to be included in a screening program
and, thus, physicians may be less aware of it as a differential diagnosis.

Unlike some other screening programs, NBS testing itself involves little medical risk,
given that it is currently based on a minimally invasive heel prick. However, health and
well-being may be negatively affected by the receipt of an abnormal screening result which
may be suggestive of an IEI. Firstly, the result can cause anxiety, particularly for the parents
at the time of testing. This risk is greater if parents receive poor pre-test information and
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post-test counselling, potentially causing misunderstanding or confusion regarding the
test results. For example, although the target condition for TREC screening is SCID, an
abnormal initial screening result may, in fact, normalise upon re-testing or be of unclear
clinical significance for that particular infant. Hence, the weight of this ethical consideration
depends, to a very large extent, on the quality and accessibility of both pre-test information
and genetic counselling. Secondly, the result can lead parents to request treatment and
for physicians to provide it even though it is not warranted. In the words of Lund et al.,
there is a risk of ‘reporting of benign variants or variants for late-onset diseases, leading to
unnecessary medicalising of the child, giving unnecessary treatment and creating patients-
in-waiting’ [33]. Overtreatment can be harmful to the individual and is costly to society.

The balance of both the health benefits and the psychological and social risks will
depend on what disease candidates are selected for screening. This selection, therefore,
must be a considered process [34]. It is almost universally accepted that target conditions
should have an effective treatment option available. It can be argued that all IEI have
potential management options, spanning empirical and targeted therapies which may
be preventive, supportive or curative [20]. For example, a patient identified to have an
IEI affecting JAK-STAT signalling pathways such as STAT1 or STAT3 gain-of-function
mutations can be offered targeted therapies abrogating abnormal signalling, and those with
activated phosphoionositide 3-kinase delta syndrome may be offered specific therapies
with mammalian target of rapamycin (mTOR) inhibitors or newly developed targeted
small-molecule drugs [20]. The future will see the description of further new genetic
mutations and the development of novel, improved targeted therapeutic options, further
justifying a broader approach to NBS for IEI.

However, even with current screening programs, non-target conditions without treat-
ment options are being identified, and this should also be considered in the pre-testing
information offered to parents. An example of one important, non-target condition iden-
tified in SCID screening programs is ataxia–telangiectasia (AT), a condition presenting
with progressive neurological decline in early childhood, variable immunodeficiency and
reduced life expectancy. There is no curative treatment available at the current time. This
has raised the question of whether it is more ethical to inform families of the diagnosis at
the outset, as compared to allowing them to experience a typical infancy without disclosure
of the diagnosis before the onset of symptoms as toddlers. When Blom et al. interviewed
the families of healthy newborns enrolled in the Dutch SCID screening program, eighty-two
percent of families indicated that early diagnosis was preferred, based on factors such
as options for commencement of early supportive treatment and avoidance of diagnos-
tic uncertainty [35]. These results highlight the importance of not making assumptions
about families’ preferences, and reinforces the need to carry out further studies evaluating
similar questions. Individuals are likely to hold different views, and perhaps information
about non-actionable conditions could, to some extent, be individualized based on parents’
preferences, which could be registered during pre-delivery visits to the clinic.

Genotype–phenotype correlations in IEI are not uniform, and any selected genetic
candidates for screening should be well-defined in terms of clinical features. Other factors
such as penetrance must be well-understood [20]. Screening for less well-defined conditions
should be avoided, so that only clearly pathogenic variants are reported. Concerns have
been raised regarding the management of variants of unknown significance in terms of
the risk of potentially causing undue anxiety in families, as well as the wider systemic
implications (particularly in terms of workforce burden and cost) of second-tier testing and
follow-up. It is anticipated that bioinformatic pipelines and variant-calling will be further
refined over time, and reference can be made to population-specific databases to minimise
over-calling of non-pathogenic variants. Provision of adequate pre-test information and
information regarding the testing strategy may also help to minimise parental anxiety
regarding follow-up clinical assessment and further testing.

It is imperative that newborn screening tests are acceptable to families in order to
maintain high levels of uptake of these programs. All of the considerations discussed
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above can potentially impact the overall acceptability of an NGS-based NBS approach, and
overall acceptability requires formal evaluation prior to implementation.

2.2. Individual: Autonomy and Informed Consent

The majority of newborn screening programs function on an opt-out basis, where
testing will proceed routinely unless families decline it. For some ethicists, the fact that
testing is proposed by society presents a threat to the autonomous choice of individuals, or,
in the case of newborn screening, their parents [36]. Unlike testing that is actively sought
out, screening imposes a pressure to conform because society has deemed testing not just
worthwhile to provide, but important enough to initiate. From this perspective, expanding
newborn screening for IEI increases the imposition on individual choice. The standard
way of mitigating threats to autonomy in medical and many other contexts is, of course,
informed consent. If people understand what they are being offered, and that they can opt
out of testing without any further adverse consequences, then their voluntary acceptance
of the offered testing will go a long way to mitigate any imposition. If one accepts this
informed consent approach, then the radical expansion of newborn screening to cover
many more conditions, including an increased number of IEI, as well as any increased
probability of receiving information about carrier status, may seem problematic. This
is because of the much more complex information that becomes relevant to making an
informed choice either to accept the testing offered or to opt out [37,38].

However, this concern is arguably misdirected for several reasons. The first factor
to note is that NBS is not a standard case of patient consent. The benefactor of newborn
screening is primarily the newborn child, who has no capacity to give informed consent.
Therefore, there is no basis for requiring outright consent. What might be possible is some
sort of hypothetical or proxy consent (typically from parents). However, for individuals
who are not and have never been competent to make decisions for themselves, society
should arguably adopt a best interest approach and aim to further their interests rather than
arrange for a substitute decision-making proxy to choose for them, as if they were merely
temporarily incompetent [39]. An alternative would be to delay screening until adulthood,
when individuals can provide meaningful consent, but at that point it would, of course,
be too late to identify and treat many IEI, the majority of which have an early onset. This
would be contrary to the overall aims and principles of NBS.

Parents are often considered the legitimate guardians of their children’s health in
everyday contexts. However, this is arguably a pragmatic solution rather than a principled
moral order. There is no general moral right for parents to make medical decisions for
their children. This is reflected in the fact that in most jurisdictions, at least those that are
somewhat liberal, the government will assume guardianship, to the exclusion of parents,
if parents make important decisions that are contrary to the best medical interest of their
children. It is, therefore, highly doubtful that any moral or legal right of parents to refuse
newborn screening for IEI for their children should be based on respect for patient autonomy.
Instead, there are arguably two main reasons for such a right: (1) to avoid alienating
parents from the health care system, and (2) to respect parents’ general right to decide for
their children, which prevails in more everyday matters [40,41]. In family ethics, it is a
mainstream position that all rights of parents to decide for their children are ultimately
based on the child’s interest in being parented, rather than in any interest or sui generis
moral right of the parents (see Brighouse & Swift [40]). An argument for why parents make
informed choices regarding NBS was presented by Nicholls [41]. If parents do not have
the moral right to refuse testing of their children for serious immunological conditions,
then they need not understand the implications of testing for that reason. However, this
argument may not convince everyone. Furthermore, since we do allow parents to opt out,
and since we want to preserve the often very high participation in newborn screening for
IEI and other conditions, it is important to accommodate any expectations on the part of
parents to be informed, or to be treated as if they had a moral right to make an informed
decision. Doing so will increase acceptance. Hence, it is important to consider whether
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expanding screening to increase the breadth of detectable IEI will undermine the parental
opportunity for informed choice.

In current screening programs, while information about the tests and the conditions
tested for is typically available, there are generally modest (if any) attempts to ensure
that parents have actively obtained and understood this information (there are variable
approaches to pre-screening information provision in different settings [42]). This is not
surprising, since the medical details of current screening programs are very difficult to
understand and evaluate. In the case of IEI, there are a multitude of different conditions
which are highly variable in terms of aetiology, clinical presentation and severity. Typically,
in NBS programs, many diverse conditions are tested for, and each condition has a different
testing method with varying probabilities for false positives and varying potential for
second- and sometimes third-tier testing. In addition, given the complexity of the conditions
themselves and the very small probabilities of being affected, to evaluate the overall risks
and benefits of such tests is beyond the ability of most parents.

Against this background, it is not clear that an increase in complexity would change the
ability of parents to make informed choices. Arguably, the type of information that parents
might reasonably expect is not about the details of the testing methods (e.g., biochemical or
genetic), nor about which IEI conditions might be identified and their pathogeneses. Rather,
information that will be sought includes reassurance that the testing itself is harmless,
details regarding the general purpose of screening (to identify very rare, but serious, IEI
that can be treated) and perhaps the general possibility of false positive and false negative
test results. The provision of this kind of information does not become much more difficult
or expensive with expanded screening, nor with a change in methods. We advocate that
pre-screening information should be provided to parents as part of an integrated, routine
pre-natal care service. The level of information provided could potentially be tailored to
the individual family based on their wishes, which could be recorded during their initial
clinical encounters.

As highlighted, the approach to obtaining consent for newborn screening raises
several ethical and practical issues, with many complexities that warrant consideration,
particularly in the context of introducing genomic-based screening methodologies for IEI
and other conditions. Importantly, trust in NBS programs is essential [34], and families can
be reassured that the programs are well-thought out and established by governments after
extensive planning, incorporating the involvement of many stakeholders and advice from
experts. There are a multitude of safeguards in place to ensure that only relevant testing
is performed.

2.3. Society: Privacy and Protection of Genetic Information

A broad variety of genetically determined IEI can be identified by genetic sequencing,
and, as such, are potential candidates for genomic-based screening to identify these con-
ditions in the newborn period. Genetic screening necessitates the processing and, at least
for some time, storage of genetic information. This raises ethical, social and legal issues
because genetic information is very rich and very personal. A person’s genome is a unique
identifier, and extensive information can be extracted from DNA. In addition, the familial
aspects of genetic data need to be considered, as the information may be relevant for other
family members. This is the case for various IEI which may be caused by familial or de
novo mutations, with variable modes of inheritance. This portends greater risks involved
in the handling of genetic information, with a wider-reaching impact than may be initially
anticipated. This also means that genetic information would be, to a large extent, collective,
and so it makes sense to seek collective solutions for its handling.

It is crucial to develop testing procedures that protect genetic information. One safety
measure would be to destroy all genetic information after analysis, keeping only the list of
screened conditions given to the individual and their parents. However, there are potential
benefits of long-term storage of the genetic information itself. In the case of IEI, there are
ongoing, frequent new gene discoveries, and our understanding of the pathogenicity of
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genetic variants is always improving. As such, there may be benefits of having stored
genomic data available for re-analysis at a later date in light of new information and knowl-
edge. In addition, the evolution of new symptoms suggestive of an IEI in an individual
could trigger rapid re-analysis of stored genomic data, reducing diagnostic and treatment
delay. It does, however, remain uncertain whether retrospective access to stored genomic
data will provide a more efficient, cost-effective process with a higher diagnostic yield
compared to prospective indication-based re-sequencing based on clinical need. Firstly,
data storage is expensive, and future re-sequencing may potentially be more cost-effective
using newer techniques. In addition, technological advances may also result in improved
diagnostic capabilities (for example, the ability to identify somatic variants, which underlie
some forms of IEI and are not well-captured on current NGS platforms).

It is not medically justified to provide the parents of newborns with all information
that may be relevant to the child during their lifetime. On the other hand, some information
will be important later in life. As proposed by Biesecker et al., it would be ideal from a
health perspective to disclose findings to individuals at a life stage at which interventions
are beneficial, in relation to our best scientific knowledge at that time [43]. In the case of
IEI, many of which present in infancy and early childhood, the provision of screening and
diagnoses is most beneficial if performed early in life. As new conditions are identified
and new treatments are developed, existing genetic information could be re-analysed and
used to provide new and actionable information to individuals that was not accessible
when they were infants, and that may potentially be very important at that later time
(Chan and Petros 2019, reviewed by Biesecker et al.) [43]. This may also be applicable
to pharmacogenomics, for which an individual’s genomic data could be re-visited just
prior to the commencement of specific drugs to help predict the risk of adverse events and
guide judicious prescription [43]. Although the focus of current genomic-based screening
is the identification of monogenic diseases, future advances may also assist in identifying
polygenic disorders and help to establish disease risk profiles [43].

On occasion, health systems have given private corporations access to genetic infor-
mation [44]. On other occasions, law enforcement have been given access to blood samples
obtained by population screening [45]. Even if such intentional breaches of confidentiality
are avoided in the future, there are also risks of unintentional breaches. Any database
that is connected to the internet can be hacked. One relevant example is the hacking of
My Heritage, a company that sells genetic testing to individuals for genealogical pur-
poses [46]. People working with genetic databases may make errors or be corrupt. Strict
data management strategies are required to safeguard individuals from these risks, and
must be maintained in order to minimise them. Proposed models are under evaluation
using encryption approaches to safeguard genetic data in order to develop safe, secure data
storage and sharing [47].

Another potential concern which has arisen is the impact of genetic screening results
on interactions with agencies such as insurance providers, where a known genetic diagnosis
of an IEI or other condition might have an impact on access to health insurance. While
risks to individuals from insurance complications must be considered, we arguably cannot,
as societies, allow the practices of insurance providers to determine how we deal with
predictive and preventive medicine. Insurance practices and regulations should adjust
to public health policy rather than the other way around. Different jurisdictions have,
in practice, taken different approaches to this issue with various degrees of success [48].
Regulations should align with local needs and legal and social norms, as well as with
general ethical considerations [49]. Although this may be of concern to some members
of the public, in practical terms, this has not proven to be a significant issue, given that
many countries have protective legislation in place (such as the Genetic Information Non-
Disclosure Act in the US) which precludes the use of genetic information for insurance and
other purposes.

When considering the privacy risks of genetic screening, we must also consider the
alternatives. If a society does not implement population-wide genomic newborn screening
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for a range of conditions, including IEI, people may increasingly seek unregulated private
or external screening where genetic information may be handled by disparate private
actors to a larger extent, and the differences in what information is available for different
people will vary depending not only on their own choices, but also on the choices of their
relatives. Given the real risks associated with the dissemination of genetic information,
it may be preferable that this information be handled by healthcare systems with clear
recommendations which uphold regulatory requirements.

2.4. Society: Health and Economic Considerations

Rational and responsible expenditure of the healthcare budget is paramount. It
is an ethical and social consideration from the perspective of ensuring that funds are
used appropriately and will be of benefit to the community. Formal evaluation of health
economic data and cost–benefit analyses for NGS-based NBS for IEI must be undertaken,
and should take into account all aspects of NBS program-associated costs, including
pre-test information provision, the testing itself, clinical follow-up, further testing and
treatment [20]. We are seeing a steady decrease in the costs of genetic sequencing, owing to
factors such as widespread uptake and technological improvements which have made NGS
more readily available and competitively priced. Similar to the experience with screening
for SCID using TREC/KREC analysis, where cost–benefit analyses have been in favour of
screening [50–52], we anticipate that early diagnosis of patients with additional forms of
IEI will ultimately decrease health-related expenditure. In the case of SCID, these studies
have demonstrated that healthcare expenditure was reduced in infants diagnosed and
managed early with HSCT, owing to a reduction in the utilisation of resources, including
hospital and intensive care unit admissions and costs incurred in the management of serious
disease complications. In the case of genomic-based screening for IEI, it is anticipated
that the savings will likely outweigh any additional costs from overtreatment due to
false positives and variants of unknown significance, especially over time, as healthcare
professionals adjust to frequent use of genetic information. Rapid WGS for unwell infants
in intensive care units has been shown not only to improve patient outcomes, but also to
reduce healthcare expenditure [53]. In addition to cost-effectiveness studies, which directly
assess healthcare expenditure at a systemic level, another important health economic
consideration relates to Quality of Life Years (QALY) gained through early diagnosis and
treatment. These health and economic considerations should be carefully evaluated in the
context of NGS-based NBS.

Establishment of any new NBS program or a new approach to NBS, as discussed herein
in the context of IEI, is a considerable task that relies not only on robust testing methodolo-
gies and pipelines, but personnel and resources to carry out the program effectively. This
includes healthcare providers providing pre-test information and post-test counselling to
parents, laboratory personnel processing specimens and performing sequencing analysis
and clinical input from physicians for follow-up on infants returning abnormal screening
results. There are many layers to a successful NBS program, as well as associated costs,
which all need to be rigorously evaluated.

2.5. Society: Equity and Access to Newborn Screening

At present, there is wide variability in screening methodologies and screened condi-
tions in different regions, even within the same country. Decisions regarding the addition
of new candidate diseases, including IEI, to screening programs are multifactorial and
may include considerations such as the population prevalence of specific diseases. In
some settings, newborn screening is funded by public health systems and is free of charge
to families, whereas in other areas, testing may incur a cost, which may impact upon
uptake. These factors all impact the equity of testing and access to NBS, which is another
important consideration when considering disease inclusion and the methodologies used
in NBS programs.
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An additional consideration in the implementation of genomic-based NBS for IEI are
reference genome datasets. Current databases are predominantly based upon individuals
from Northern European populations, and are, therefore, not representative of other eth-
nicities [20]. As such, it will be essential to build genomic population databases which are
highly representative of different ethnic groups in order to enable robust variant calling
and interpretation [20].

As noted above, healthcare screening should be compared to the alternative. If testing
is a market good provided by commercial companies, access will depend on ability to pay
as well as on education, access to information and other social factors. Commercial testing
will also more likely lack robust clinical processes and genetic counselling capabilities,
potentially resulting in less judicious testing with lower clinical utility [38]. This is partic-
ularly the case for IEI, as there is significant complexity owing to disease heterogeneity,
requiring specialist clinical oversight of test interpretation and reporting. This, once again,
reinforces the need for careful regulation of NBS and for NBS services to be linked with
the appropriate clinical services to provide follow-up and treatment for any abnormal
results received.

3. Conclusions

Up-front, first-tier genomic-based newborn screening shows promise for the iden-
tification of infants with IEI, a group of conditions for which there is significant clinical
and phenotypic heterogeneity, through enabling the concurrent analysis of hundreds of
genes. There are many factors which must be taken into account prior to adopting this
approach to screening for IEI relating to practical, methodological and technical aspects,
and, importantly, a range of ethical, legal and social considerations which must be fully
evaluated. In particular, assessing the acceptability of the testing strategy is imperative
to avoid undermining existing successful systems with very high uptakes, and we have
discussed some of the issues in this context. Ethical, legal and social issues sometimes
interact in non-obvious ways. While informed consent from parents may not be needed
to safeguard autonomy, since newborns are not autonomous and so should rather have
their best interest protected, it is important to provide parents with both information and
the ability to opt-out so as to preserve the very high uptake. As technology advances,
we are likely to see ongoing evolution in the approach to genomic newborn screening
for IEI, starting with an initial, limited WES gene panel which will expand over time to
include more genes. progresses to This is expected to then be replaced by WGS in order
to improve diagnostic yield and expand screening capabilities for this broad group of
disorders. Ongoing evaluation of all of these factors is essential in the planning for and
implementation of genomic-based approaches to newborn screening for inborn errors of
immunity and other clinically significant conditions.
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Abstract: Genomic sequencing offers an unprecedented opportunity to detect inherited variants that
are implicated in rare Mendelian disorders, yet there are many challenges to overcome before this
technology can routinely be applied in the healthy population. The age-based genomic screening
(ABGS) approach is a novel alternative to genome-scale sequencing at birth that aims to provide
highly actionable genetic information to parents over the course of their child’s routine health
care. ABGS utilizes an established metric to identify conditions with high clinical actionability and
incorporates information about the age of onset and age of intervention to determine the optimal time
to screen for any given condition. Ongoing partnerships with parents and providers are instrumental
to the co-creation of educational resources and strategies to address potential implementation barriers.
Implementation science frameworks and informative empirical data are used to evaluate strategies to
establish this unique clinical application of targeted genomic sequencing. Ultimately, a pilot project
conducted in primary care pediatrics clinics will assess patient and implementation outcomes, parent
and provider perspectives, and the feasibility of ABGS. A validated, stakeholder-informed, and
practical ABGS program will include hundreds of conditions that are actionable during infancy and
childhood, setting the stage for a longitudinal implementation that can assess clinical and health
economic outcomes.

Keywords: genetics; newborn screening (NBS); stakeholder engagement; dissemination; implementation
science; health equity

1. Introduction

Public health newborn screening (NBS) epitomizes the early detection of individuals
with rare genetic conditions to allow the initiation of effective treatments before symptoms
develop. Currently, the number of detectable conditions is limited by the technology
employed. Exome and genome sequencing (collectively referred to here as “genome-scale
sequencing”) has profoundly advanced the ability to diagnose and manage patients affected
with rare Mendelian conditions [1–3] and could vastly expand the range of conditions
detected in the general population through predictive screening [4]. Furthermore, the
promise of many cutting-edge gene and cell therapies for early onset genetic conditions is
contingent on their timely ascertainment in the healthy pediatric population [5].

Proponents of expanding public health NBS to include genome-scale sequencing
advocate for the predictive—and, potentially, future diagnostic—utility of providing all
newborns with a sequenced genome [6]. However, despite some interest among a subset
of the population, there are well-founded doubts about whether and how genome-scale
sequencing should be implemented [7–10]. It is clear that the addition of genome-scale
sequencing to routine NBS would raise substantial ethical, societal, and practical concerns
related to parental consent and in determining the kind of information that should be
sought and disclosed [11–13], making its implementation in NBS programs untenable
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at present. However, if costs are low enough and the value is high enough, predictive
genomic analysis could become accessible in a way that reduces barriers to obtaining highly
actionable information with the greatest chance of societal benefit.

We suggest that focusing on genome-scale sequencing at birth overlooks a crucial
opportunity to deliver actionable information closer to the point of care across the lifes-
pan. Beyond newborn screening, routine pediatric preventive care interventions continue
throughout childhood, such as growth charting, vaccinations, and hearing/vision screen-
ing, all of which have individual utility and are also widely accepted because of their
public health impact. The periodicity schedule for these interventions is reviewed in an
evidence-based manner [14] and establishes policies for insurance coverage under the
Affordable Care Act. Practitioners are accustomed to standard workflows, and parents
expect to receive anticipatory guidance and screens for potential health concerns for their
child over time. Given the rapid development of next-generation sequencing capabilities,
could population-based genomic screening for monogenic conditions that are actionable in
childhood be incorporated into the existing practice of well-child care?

An age-based genomic screening (ABGS) approach seeks to deliver discrete, predictive
genomic information at intervention-oriented time-points during well-child care, including
neonatally, and provide clinically useful results in easily digestible portions for both parents
and providers. Thus, ABGS addresses many, but not all, of the ethical concerns about ge-
nomic sequencing in children, while retaining most of the benefits. By interrogating panels
of highly actionable conditions at relevant time points during infancy and childhood [15],
the focused approach of ABGS simplifies parental decision-making around the types of
genetic information that should be sought and disclosed in a healthy child by screening only
for conditions with the highest degree of clinical actionability at the most clinically relevant
intervals. As an alternative to screening newborns for every detectable condition at birth,
including those that will likely not manifest until later in childhood, ABGS ameliorates
loss to the follow-up of individuals for whom there is a protracted latency between the
discovery of the genetic diagnosis and the actionability of that information. Periodic en-
gagement about genomic screening between providers and parents (and gradual exposure
of the child over time) has the added benefit of building knowledge about genetics and
confidence in the ability to make recommendations or decisions, thus improving genomic
literacy. If implemented throughout the lifespan, ABGS could represent a cost-effective
and tractable way to capitalize on advances in genomic medicine that would seamlessly
connect with genomic screening programs designed for adults [16,17].

The implementation of ABGS as a public health care service, offered in diverse popu-
lations with varying geographic, sociodemographic, and cultural backgrounds will require
ongoing partnerships in clinics and communities to ensure broad accessibility to parents
across all segments of society. Frameworks, theories, and models from implementation
science can be used to identify potential barriers and strategies to overcome them, as well
as harmonized measures developed by genomic medicine consortia [18–21], which can be
used to standardize data collection, knowledge integration, and inform best practices for
future implementation trials [22].

The lag in the clinical adoption of genomic interventions, including population screen-
ing, into routine clinical practice has been attributed to various factors related to the
impending shift from genetic specialty providers to primary care providers, including
contextual factors (e.g., a perceived lack of knowledge, expertise, and supporting re-
sources) and process factors (e.g., an engagement of organizational leadership and provider
buy-in) [22–24]. The development of educational and clinical decision support tools for
non-genetics clinicians is growing; however, research to develop and evaluate strategies to
effectively integrate genomic screening into diverse clinical settings is largely unexplored,
particularly in settings with limited resources and other structural barriers to implementing
public health innovations [25,26]. Engagement with clinical providers and staff will be
needed to develop and provide resources to support the integration of ABGS into the
clinical workflow. Key stakeholders from pediatric clinics in diverse communities will need
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to be involved, including the perspectives of providers and parents to develop strategies
and resources to facilitate the equitable uptake of genomic screening [27].

2. Identifying Appropriate Conditions for Screening during Childhood

Current NBS focuses on a small number of conditions with unambiguous health
benefits (for the most part) and bypasses explicit parental informed consent due to its
public health importance. Genetic sequencing would introduce a much wider range of
possible findings for NBS, including conditions with less clinical actionability and later ages
of onset that would likely invoke a paradigm shift to a new “opt-in” model of screening.
Decisions about which conditions to include as part of a public health genomic screening
program must take into account the value to society and various interested parties.

Partitioning the genome into interpretable groupings based on the clinical action-
ability and natural history characteristics of genetic conditions can facilitate informed
decision-making and preference setting by individuals and parents [28]. ABGS will rely
on a semi-quantitative metric (SQM) for scoring clinical actionability based on five key
parameters (the severity and likelihood of disease manifestations, the efficacy and accept-
ability of interventions, and a knowledge base about the condition) [29] that was previously
developed by our research group and subsequently adopted with minor modifications by
the ClinGen Actionability and Pediatric Actionability Working Groups [30,31]. We utilized
this approach to define a subset of conditions that qualified for disclosure to research
participants as a “next-generation sequencing newborn screen” [32] and further analyzed
SQM scores for a comparison of commercial panels that are being offered to parents as
expanded newborn screening options [33].

Although clinical actionability is an important criterion for determining eligibility for
screening purposes, it is not the only factor involved. The latency between information and
action (the time that elapses between learning information about a newborn’s future health
condition and the time at which actions can be taken to ameliorate adverse outcomes) will
influence the efficacy of the genomic screening intervention. For example, a long delay
could induce unnecessary stress on the family and/or child, or even impact the effectiveness
of the intervention (for example, if the molecular diagnosis is not followed up on effectively,
or forgotten, over the course of many years). The economic implications of genomic
screening are also likely to be influenced by the duration and nature of interventions
that are prompted by a positive finding, with greater downstream costs associated with
prolonged periods of surveillance by medical specialists before symptoms manifest and/or
definitive prophylactic or therapeutic interventions are deployed.

An ABGS approach will therefore categorize groups of conditions based on high
clinical actionability, natural history pattern (age of symptom onset), and current recom-
mendations for age of intervention. Clustering conditions in panels that can be offered
at specific time points will optimally balance early detection with proximity to a recom-
mended course of action to prevent or ameliorate symptoms. Sequencing panels will
ideally be informed by and synchronized with existing pediatric preventive care visits to
maximize efficiency for clinical workflows. There are clear trade-offs in terms of gene con-
tent, number of panels, and timing of testing, requiring multidisciplinary and multisource
input and consensus.

3. Sequencing Healthy Newborns and Children: Start Small, Grow with Time

The generation of genome-scale data at birth is viewed by some as an efficient and cost-
effective way to incorporate public health screening for a much broader range of conditions.
Once sampled, sequenced, and stored, whole genome sequence data theoretically offers
the ability to repeatedly interrogate the data if undiagnosed conditions with a suspected
genetic etiology arise, and for additional screening once a child reaches the age of consent.
However, the wide range of possible results from genome-scale sequencing, including
conditions with differing levels of clinical actionability and ages of onset, immediately raises
questions about what information should be sought and disclosed in healthy newborns.
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Parental reactions might include anxiety regarding: the range of possible choices about
what information they wish to have disclosed to them; perceptions that elective genome
sequencing is less important due to other factors in their lives that take precedence; concerns
about out-of-pocket expense; worries about data privacy and legal implications for their
child in the future, such as insurability; or uncertainty about whether to learn about health
conditions that are out of their control. If genome-scale sequencing were adopted as
part of routine public health NBS, these concerns would need to be addressed through
comprehensive educational programs and detailed parental decision-making processes,
which would require substantial changes to the current procedures. The neonatal period,
which is clearly challenging for most parents, may not be an ideal time to make such
complex decisions, and could result in parents opting out of NBS entirely [34]. Therefore,
we suggest that initial public health genomic screening in newborns should focus narrowly
on conditions that would be highly actionable in the neonatal period, with additional
layers of screening throughout childhood—with parental informed consent—gradually
expanding the number and range of conditions that are screened for across the lifespan.

Generation of genome-wide data also introduces many passionately argued ethical
concerns that could impede the widespread adoption of genomic screening in infants and
children. It is unlikely that extensive pre-test genetic counseling will be feasible for a
population-level genomic screening program, whereas highly focused sequencing panels
provide a streamlined opt-in choice for parents and providers. While it is possible to
sequence the genome or exome and then limit the informatic analysis to subsets of genes,
this approach requires justification as to why certain information is not being disclosed
and may result in challenges with parental requests for the full set of raw data. The ABGS
approach is to start by interrogating the small fraction of genes that do meet that standard,
determine how best to implement genomic screening in diverse populations, and then
scale it to the general population to obtain the greatest impact, for the most people, at the
least expense.

A targeted sequencing approach would reduce technical issues and privacy concerns
related to accessing, interpreting, and securely maintaining the enormous volume of data
generated by genome-scale sequencing, including potential ethical questions about data
interpretation and ownership that could hinder widespread acceptance. Finally, economic
arguments about various sequencing methods can be fraught with assumptions, given the
highly subsidized nature of large-scale sequencing in both the research and commercial
settings, differences in economies of scale at different steps of the sequencing process, and
the rapid and unpredictable advances in technology. Sequencing costs will invariably
continue to reduce over time, making serial resequencing progressively less expensive,
while taking advantage of newer technology and avoiding data storage and reanalysis
costs (which could be substantial but are often ignored). A persistent desire to utilize
better sequencing technologies as a person grows is to be expected, rather than relying
on old sequence data generated at birth. Studying a population-level implementation
of targeted screening (either through specific biochemical enrichment strategies or via
informatics approaches to selectively analyze virtual panels) is a cost-effective and ethically
feasible way to identify rare individuals with highly actionable conditions. However, at
an individual level, this approach can also lay the groundwork for additional tiers of
optional conditions that could be analyzed over time based on parental decision-making in
consultation with a primary care provider or genetic specialist.

4. Using Implementation Science to Advance Innovations in Genomic Screening

We argue that ABGS of healthy children for monogenic conditions is initially and in-
herently an implementation challenge that must be researched and conducted in a rigorous,
transparent, and relatively cautious manner in order to build public health buy-in and
avoid “putting the cart before the horse” by overextending the reach of expanded genomic
NBS and causing iatrogenic harm to parents and families. An early implementation of
ABGS will require ongoing engagement with primary care providers and parents in or-
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der to develop an evidence-based and contextually appropriate program and responsive
implementation strategies for the clinical adoption and inclusion of representative popu-
lations. Implementation science provides frameworks and models to guide the planning
and conduct of implementation, as well as the evaluation of multilevel outcomes in serial
implementation phases [35,36]. These frameworks and models are increasingly used to
inform the design and evaluation of health interventions with a diverse reach to improve
adoption and increase health equity in underserved and marginalized communities [37,38].

Implementation science approaches developed and evaluated by genomic medicine
consortia will be used to standardize data collection, integrate knowledge, and inform best
practices for future pragmatic clinical trials. The genomic medicine integrative research
(GMIR) framework [39] developed by the National Human Genome Research Institute
(NHGRI)-funded Implementing Genomics in Practice (IGNITE) network [40] and the
Clinical Sequencing Evidence-Generating Research (CSER) consortium [21] has a strong
theoretical basis in the consolidated framework for implementation research (CFIR) [41]
and provides an organizational structure for key domains of the greatest relevance to
genomic medicine researchers [42]. The GMIR framework provided an effective model to
modify for ABGS study activities and will enable us to link our constructs and outcomes
with those of other genomic medicine research studies and consortia [43,44] (Figure 1).

Figure 1. The Genomic Medicine Integrative Research (GMIR) framework developed by the National
Human Genome Research Institute (NHGRI)-funded Implementing Genomics in Practice (IGNITE)
network and the Clinical Sequencing Evidence-Generating Research (CSER) consortium provides
an organizational structure for the key domains of the greatest relevance to genomic medicine
researchers. The ABGS-adapted GMIR framework shown here will facilitate linking our constructs
and outcomes with those of other genomic medicine research studies and consortia.

5. Multilevel Partnerships with Parents and Providers

The involvement of primary care providers and parents will be critical to identify and
address barriers that could impair the successful clinical implementation of ABGS [45–47].
The understanding of negative/normal results [48] by parents and providers, and their
perspectives about the future health of the child, need to be studied. Even true positive
findings can have highly varying clinical utility depending on the condition, the age
at which sequencing is performed, and the age at which actions need to be taken to
prevent adverse health outcomes [49,50]. There are important ethical concerns that pre-
symptomatic genomic sequencing could impair parental bonding, create “patients in
waiting”, or impinge on the future autonomy of the child [51–54]. Extensive multi-level
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engagement and collaboration with parent and provider partners throughout the process
will be crucial for developing the ABGS program and exploring key contextual factors
for individuals and families, as well as providers and clinics, the psychosocial aspects of
participation, and the broader outcomes for health and social policy.

Collaboration with primary care specialties (family medicine, internal medicine, and
pediatrics) and a strong representation of minority populations will facilitate a broad per-
spective about the needs for ABGS implementation and foster an organizational culture that
is receptive to this new clinical innovation. Partnerships with community clinics and health
providers in diverse settings will help elucidate organizational readiness and identify local
barriers and facilitators for the implementation of ABGS. Ongoing and iterative feedback
from clinical staff and providers will be needed to guide the development of strategies and
supports that are responsive to the needs of health providers and parent partners.

The effective and equitable integration of genomic screening into health care for infants
and children will require building trust with community partners in diverse settings to un-
derstand the kinds of information that should be sought after and how best to communicate
that information. One method to forge such a relationship is through community advisory
boards that have an iterative role in the development of research objectives and resources
and providing guidance and recommendations as research advances [27]. Bidirectional and
ongoing relationships between researchers, providers, and communities can promote trust
and genetic literacy, develop resources to facilitate informed decision-making by families,
and work toward an equitable uptake of genomic screening [55].

6. Conclusions

ABGS transforms the thought process from “what information should be returned?”
(if genome-scale sequencing is performed) to “what information should we seek out, and
when?” (for the greatest benefit in the general population). Although divergent from the
currently prevailing notion that genome-scale sequencing will be imminently adopted as
part of routine clinical care, ABGS could establish a new clinical practice paradigm and
ultimately form a stable foundation for a more widespread adoption of evidence-based and
genome-driven health care. It is also entirely compatible with a future in which genome-
scale sequencing is in fact routine, providing a framework for supporting decision-making,
analysis, and result disclosure that would allow parents to obtain periodic analyses of
actionable conditions that are highly relevant to their child’s developmental stage, and
prepare individuals to receive sequencing results for carrier screening and actionable adult-
onset conditions when they are able to assent or consent. Ultimately, our overarching
goal should be to make the advances of genome sciences broadly available to the general
population, maximizing the benefits and minimizing the harms.
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Abstract: In this review, we analyze medical and select ethical aspects of the increasing use of next-
generation sequencing (NGS) based tests in newborn medicine. In the last five years, there have
been several studies exploring the role of rapid exome sequencing (ES) and genome sequencing
(GS) in critically ill newborns. While the advantages include a high diagnostic yield with potential
changes in interventions, there have been ethical dilemmas surrounding consent, information about
adult-onset diseases and resolution of variants of uncertain significance. Another active area of
research includes a cohort of studies funded under Newborn Sequencing in Genomic Medicine
and Public Health pertaining to the use of ES and GS in newborn screening (NBS). While these
techniques may allow for screening for several genetic disorders that do not have a detectable
biochemical marker, the high costs and long turnaround times of these tests are barriers in their
utilization as public health screening tests. Discordant results between conventional NBS and
ES-based NBS, as well as challenges with consent, are other potential pitfalls of this approach.
Please see the Bush, Al-Hertani and Bodamer article in this Special Issue for the broader scope and
further discussion.
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1. Introduction

With the rapid evolution of molecular genetics, next-generation sequencing (NGS)
testing methods such as exome sequencing (ES) and genome sequencing (GS) are being
increasingly used for diagnostic evaluation of critically ill infants as well as for newborn
screening (NBS) [1–3]. They have been applauded for the promise they hold for the
prompt and precise diagnosis of pre-symptomatic as well as sick infants. However, there
are several psychosocial and ethical dilemmas surrounding the use of these tests under
these circumstances that require discussion. Many of these issues have been historically
associated with ES and GS, in general; however, other challenges are unique regarding
their use in neonatal medicine.

2. Next-Generation Sequencing for Newborn Screening

In the past few years, there have been several studies by various groups to explore
the use of NGS-based tests such as ES and GS for NBS. While these techniques may enable
clinicians to screen for rare diseases that do not have any reliable biochemical markers,
there are several moral caveats to be considered. [1,2,4].

NBS was designed as a universal cost-effective screening test aimed at early detec-
tion of treatable hereditary (and a few non-hereditary) conditions to prevent long-term
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mortality and morbidity [5]. The test utilizes dried blood spots from heel prick samples
obtained typically on day one of life. The test screens for an array of monogenic inborn
errors of metabolism (IEM), in addition to endocrine disorders, hemoglobinopathies and
immunodeficiency syndromes [6]. The Advisory Committee on Hereditary Disorders in
Newborns and Children (ACHDNC) makes recommendations to the individual states
I the USA regarding potential new disorders to be added to the NBS. Currently, there
are 35 core and 26 secondary conditions on the recommended uniform screening panel
(RUSP). The American College of Medical Genetics publishes action sheets (or ACT
sheets) for positive screens, to provide uniform practice guidelines for pediatricians,
neonatologists and biochemical geneticists [7]. Some conditions which may present with
metabolic crisis (e.g., organic acidemia) and warrant prompt evaluation in an inpatient
setting, whereas others with insidious onset (e.g., phenylketonuria) are followed up in an
outpatient setting.

Robert Guthrie devoted several years to developing the first screening test utilizing
the bacterial inhibition assay for phenylketonuria [8]. The NBS is often referred to as ‘the
PKU test,’ which remains a testimony to his career. The introduction of tandem mass
spectrometry (MS/MS) revolutionized the landscape of NBS as the technique allowed
screening for many disorders due to its ability to measure several analytes (plasma amino
acids and the acylcarnitine profile) simultaneously [9]. The testing laboratories utilize na-
tional databases to determine the cut-off values for analytes and sometimes may involve
second-tier tests. In the last decade, with the discovery of novel therapies, other disorders
including storage diseases, X-linked adrenoleukodystrophy (X-ALD) and spinal muscular
atrophy have been included in the RUSP for several states, which use different technolo-
gies for the screening test [10–14]. The literature suggests that screening for X-ALD poses
a plethora of dilemmas, and there have been ongoing modifications to the follow-up
protocol. The challenges include establishing contact with other family members across
different generations who may be affected based on an X-linked inheritance pattern, and
care co-ordination with sequential neuroimaging to identify those who will develop the
cerebral form of the disease [15]. Massively parallel sequencing such as ES and GS has
been used abundantly for diagnostic evaluation of pediatric genetic diseases, and clinical
researchers finally decided to interrogate its potential for NBS [14]. The National Human
Genome Research Institute funded a cohort of studies to evaluate the medical, economic
and psychosocial effects of integrating exome sequencing (ES) for NBS, which led to the
formation of Newborn Sequencing in Genomic Medicine and Public Health.

North Carolina Newborn Exome Sequencing for Universal Screening (NC NEXUS)
enrolled 106 newborns and children with previously diagnosed metabolic diseases and
hearing loss, and ES results confirmed an underlying diagnosis in 88% and 18% of the
patients, respectively. The results included pathogenic variants in hereditary cancer
syndromes in two children, and 1.8 variants per patient showing a carrier status for
recessive conditions [1]. The BabySeq Project is another noteworthy study from this
cohort. The group enrolled and randomized half of the families of newborns from
Brigham Women’s Hospital and Boston Children’s Hospital to receive ES-based NBS. Out
of 159 newborns enrolled, 15 were found to be at risk of childhood-onset conditions. Risk
of adult-onset diseases, a carrier status and pharmacogenomic variants were detected
in 3.5%, 88% and 5% of subjects, respectively. Testing parental samples resulted in
interpretation of variants in 8% of cases [2,4].

Utilization of ES-based NBS is advantageous as it allows for screening of several
monogenic conditions that do not have a consistent analyte that can be measured using
MS/MS. For instance, mitochondrial disorders and proximal urea cycle disorders have
historically been impossible to screen, despite the availability of therapies and interven-
tions [16,17]. ES-based NBS could also shorten the diagnostic odysseys for those genetic
diseases where there is no precise treatment, but where early diagnosis can have a signifi-
cant impact on the medical care and parental perspectives. However, this rationale defies
the very ethos of the Wilson and Jungner criteria, which emphasize the actionability of
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the disorder and cost-effectiveness of the test as the core principles of NBS [18]. The high
costs and long turnaround times of NGS are obvious barriers in the current scenario,
which hinder its integration as a widespread public health screening test [6]. There are
also studies that suggest that the results of conventional NBS and ES-based NBS may be
discordant, and the latter alone may not very specific in screening for IEM [19,20].

While shortening the diagnostic journey for infants who are sick can substantially
change family’s viewpoints, diagnosis of childhood-onset conditions and carrier status
can cause untold and unwarranted anxiety [1,3,4]. The BabySeq project did include an
option to disclose the results of adult-onset conditions and applied a post-consent survey
to better delineate parental perspectives [2]. NBS has always been an ‘opt out’ rather than
an ‘opt in’ test, where families are required to actively decline it if they do not wish for
their newborn to receive it. This is based on the dramatic success of the program, which
has led to the slogan “newborn screening saves lives.” Parents often do not understand
the purpose and process of NBS. If ES or GS were ever to become a standardized screening
tool, the consenting process would need to be robust and standardized, as was proposed
in the pilot studies. Reporting and resolution of variants of uncertain significance may
pose several challenges for the molecular genetics laboratories as well as the clinical teams
following up with these families [21]. The follow-up testing and clinic visits secondary
to unclear results have been known to cause substantial financial and psychological
strain for families even with the conventional NBS, and this can only be accentuated
with the incorporation of ES-based NBS, unless meticulous consent and education can be
ensured [2,6,22,23]. As per recommendations from the Pediatric Task Force of the Global
Alliance for Genomics and Health, each jurisdiction needs to resolve ethical and policy
issues regarding the disclosure of incidental or secondary findings to families, as well
as the ownership, appropriate storage and sharing of genomic data. Ultimately, the best
interests of children should form the basis of all decisions [21]. Since medical geneticists,
genetic counsellors and metabolic dietitians are still a small group, such a drastic upgrade
in NBS may also cause disruption to the access to and uniformity of care [24].

3. Next-Generation Sequencing for Diagnostic Evaluation of Critically Ill Newborns

While the newborn screening programs and the BabySeq project have focused on pre-
dicting and preventing future disease in pre-symptomatic infants with genetic disorders,
another active area of investigation has focused on the use of rapid genomic sequencing
techniques in the evaluation of critically ill infants.

Studies have estimated that genetic diseases are present in approximately 16% of
neonates in regional ICUs; furthermore, there is high mortality in infants with genetic
diseases, which accounts for an estimated 20% of deaths in this age group, and in one
center, accounted for an estimated 45% of neonatal intensive care unit (NICU) deaths over
a ten-year period [25,26]. It is proposed that the primary benefits of early genetic diagnosis
in these patients include both the rapid implementation of targeted interventions that
may decrease morbidity, as well as the rapid identification of likely futile intensive care
in the course of what may otherwise be a protracted diagnostic approach during, which
parents may experience “inappropriate hope” or “needless guilt.” Meanwhile, secondary
benefits may include guiding parents regarding the risk of recurrence in future children
as well as possible overall healthcare cost reductions [1,27].

Since 2015, several studies have sought to investigate the clinical utility of genomic
sequencing in the NICU setting (Table 1). In these studies, the percentage of patients
receiving a genetic diagnosis as a result of NGS has ranged from 21 to 57%, with results
returned in a range of 2.3 to 95 days and the majority of studies utilizing rapid exome
or genome sequencing and returning the results in fewer than 21 days (Table 2) [28–34].
Comparatively, a retrospective study comparing the diagnostic yield of genomic testing
showed similar diagnostic sensitivity of rapid whole genome sequencing (rWGS), with
43% of infants receiving a genetic diagnosis compared to only 10% diagnostic sensitivity
in infants who underwent a standard genetic testing protocol; similarly, another research
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group obtained a genetic diagnosis for 8/20 critically ill newborns using a targeted gene
panel approach based on phenotypic presentation, and was able to obtain a genetic
diagnosis for an additional five patients when whole exome sequencing (WES) was
offered to those patients with a negative gene panel [35,36]. Interestingly, one study
showed that the phenotype of neonates was a poor predictor of the underlying genotype
in 90% of patients evaluated in the ICU setting with WGS, suggesting that standard
genetic evaluation would likely delay the diagnosis for the majority of these critically ill
patients [31]. These conclusions were supported by the results of the NSIGHT2 trial, in
which a subset of patients was selected to receive ultrarapid whole genome sequencing
(urWGS) as a first-tier diagnostic; in general, these patients were more unstable and had
differential diagnoses that included rare disorders requiring specific targeted therapies
to prevent morbidity and mortality [34]. While urWGS was more costly than the other
testing modalities (rWES and rWGS) evaluated in this study, the percentage of patients
that received a genetic diagnosis was significantly greater in the urWGS cohort, with
a similarly greater proportion of infants in that group receiving a diagnosis for which
immediate intervention was available [33].

Table 1. Summary of studies investigating clinical feasibility and utility of NGS in critically ill neonates.

Authors
Year

Published
Study Design Patient Location Type of Test Medium Turnaround Time

Willig et al. 2015 Retrospective NICU/PICU Trio rWGS 23 days

Van Diemen et al. 2017 Prospective NICU/PICU
(Age < 1 year) rWGS 12 days

Meng et al. 2017 Retrospective NICU/PICU/CICU WES (proband
only/trio/rapid trio)

Proband WES: 95 days
Trio WES: 51 days

rWES: 13 days

French et al. 2019 Prospective NICU/PICU Trio rWGS 27 days

Elliott et al. 2019 Prospect NICU Trio rWES 7.2 days *

Kingsmore et al. 2019 RCT NICU/PICU/CICU urWGS/rWGS/rWES urWGS: 2–3 days
rWGS/rWES: 11.8 days

Freed et al. 2020 Prospective NICU/PICU/CICU Trio rWES 9 days

NICU, neonatal intensive care unit; PICU, pediatric intensive care unit; CICU, cardiac intensive care unit; WES, whole exome sequencing;
WGS, whole genome sequencing; rWES, rapid whole exome sequencing; rWGS, rapid whole genome sequencing; urWGS, ultra-rapid
whole genome sequencing, RCT, randomized clinical trial. * Time to preliminary results.

Table 2. Results of studies investigating clinical feasibility and utility of NGS in critically ill neonates.

Authors
Number of
Participants

Number of Diagnoses
Number with

Changes in
Management

Number with
Escalation of Care

Number with
Limitation of Care

Willig et al. 35 rWGS 20/35 (57%) 13 6 6

Van Diemen et al. 23 7/23 (30%) Not reported Not reported Not reported

Meng et al. 278 102 (36.7%)
Subset: rWES 32/63 (50.8%)

53
Subset rWES: 23/32 12 19

French et al. 195 40 (21%) 12 5 7

Elliott et al. 25 18 (72%) 15 4 3

Kingsmore et al. 213

49 (24%)
urWGS 11/24 (46%)
rWGS 18/94 (19%)
rWES 19/95 (20%)

Not reported Not reported Not reported

Freed et al. 46 20 (43%) 24 5 5

rWES, rapid whole exome sequencing; rWGS, rapid whole genome sequencing; urWGS, ultra-rapid whole genome sequencing.

The majority of these studies have quantified changes in management as a secondary
measure and have shown repeatedly that these NGS results and subsequent genetic
diagnoses have a direct impact on the decisions made by clinicians and families. These
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changes have encompassed both escalation in patient care (e.g., placement of a gastrotomy
tube in a patient determined to have chronic feeding difficulties), as well as limitations in
care (e.g., deferral of heart transplant in a patient expected to have a poor neurological
prognosis) [28,30–32,34]. In addition to exploring the impact of rWES on acute ICU
management, the most recent study reported by Freed et al. demonstrated the feasibility
of implementing a rapid genomic sequencing protocol using a commercial send-out lab
rather than an internal research-based testing platform, and included a full informed
consent process with the option to receive secondary results [34]. As these studies have
continued to consistently show a high yield of diagnoses contributing to alterations in
management, and as commercial platforms have made these diagnostic modalities more
accessible, a question has emerged: should rapid genomic sequencing be considered the
standard of care for initial genetic diagnostic evaluation in critically ill infants? At the
same time, a second question has also moved more clearly into focus: what are the ethical
implications and challenges of utilizing genomic sequencing in the intensive care setting?

While the feasibility of rapid genomic sequencing for the timely diagnosis of sus-
pected monogenic disorders in critically ill newborns has emerged only over the last
decade, much accompanying literature over the same time period explores the potential
technical and ethical concerns that may limit the widespread adoption of this testing ap-
proach. These include the current payer system that typically reimburses only outpatient
genomic studies, the challenge of timely resolution of variants of unknown significance
(VUS) and the possible impacts of rapid transition to genetic testing on parental anxiety
and subsequent parent-infant bonding [27,37]. One of the most often and extensively
discussed ethical concerns is the question of secondary findings, including the reporting
of childhood-onset diseases not related to the patient’s clinical presentation at the time
of testing, and even more fraught, the reporting of adult-onset diseases. One case report
in the literature from the BabySeq project highlights the moral distress felt by study
researchers upon finding a BRCA2 mutation in a male infant whose parents had not con-
sented to receive information regarding adult-onset disease [38]. As a result of this moral
distress, the research team approached the IRB for permission to re-consent the family
to receive information regarding adult-onset disease. In this case, the study protocol
was changed so as to enroll only families who would consent to receiving information
about adult-onset diseases, so as to avoid further ethical dilemmas and subsequent moral
distress for laboratory personnel who could ostensibly know information regarding an
actionable disease with no recourse to provide that information to the person it most
directly affected [38]. While some researchers have argued that testing for genetic sus-
ceptibilities to adult-onset diseases is a potential violation of the future autonomy of
the infant who has undergone genomic testing, others have developed ethical models
that consider the interests of the family as a unit, in which the wellbeing of the infant
undergoing testing is dependent on the wellbeing of the family unit as a whole [39,40].
With the specific example of this child found to have a BRCA2 mutation, the potential
impact of this autosomal, dominant adult-onset condition on the health and mortality
of the child’s affected parent was considered a threat to the wellbeing of the family unit,
which posed a credible downstream threat to the patient’s health as well [40,41].

Another ethical consideration is access to these technologies, which is limited by
several factors, including availability of in-house testing and the associated costs of
genomic testing in the setting of uncertainty regarding the likelihood of insurance reim-
bursement for these testing strategies. Several studies have suggested that panel-based
testing could prove a reasonable alternative strategy to accomplish rapid diagnosis in the
ICU setting, with the proposed benefits of ensuring that a greater number of patients in
need of these rapid diagnoses receive them, while also decreasing costs. In one study,
a panel of 4503 genes was utilized for rapid evaluation of critically ill neonates; in the
study, this panel-based approach yielded a diagnosis in 10/20 (50%) cases and a partial
diagnosis in an additional 1/20 (5%) cases, similar to those results reported in the genomic
sequencing studies referenced in Table 2 [42]. Furthermore, the panel-based approach
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cost $6000 in this study compared to the ~$16,000–$17,500 cost reported for rWGS in other
studies [42]. Despite these encouraging results suggesting possible non-inferiority of the
panel-based approach, issues may arise from inconsistencies in variant detection between
two modalities; for example, the GEMINI study, which directly compared the results of a
sequencing panel containing 1722 genes to rWGS, demonstrated discordance between
the two platforms in 27% of diagnoses [43]. While many of these were due to technical
differences between the platforms, generally stemming from the known inability of the
sequencing panel to detect copy number variants, a number resulted from discordance in
variant analysis both with respect to the algorithms used to detect and filter variants as
well as the methods used to analyze the pathogenicity of detected variants [43]. These
findings demonstrate that technical factors add an additional layer of complexity into
this process, necessitating an even more nuanced consideration when balancing all the
factors that may influence the utility of one diagnostic strategy over another, especially
regarding the potentially extensive amount of data analysis required for interpretation of
genomic sequencing compared to the inherently more focused datasets resulting from
panel-based approaches.

As sequencing platforms and informatic systems designed to quickly analyze large
amounts of genomic data become increasingly agile, and as these testing modalities
become increasingly available through commercial means, the likelihood that institutions
will transition toward genomic sequencing as a first-line genetic testing strategy continues
to increase. As such, our resolve to tackle and mitigate the ethical concerns that accompany
these testing modalities must continue to strengthen as well.

4. Conclusions

This paper reviewed select ethical aspects regarding the use of ES and GS in NBS
and in the diagnostic evaluation of critically ill newborns (please see the Bush, Al-Hertani
and Bodamer article in this Special Issue for the broader scope and further discussion).
The clinical utility and cost-effectiveness of NGS-based NBS are yet to be established. Dr.
Francis Collins, NIH Director, has remarked: “ . . . whether you like it or not, a complete
sequencing of newborns is not far away” [44]. Genomic sequencing has caused a paradigm
shift in the diagnosis of orphan diseases and will inevitably become a part of newborn
screening in the near future. Yet, communities of medical geneticists, neonatologists,
molecular geneticists and policymakers need to come together as a team to carefully
analyze the findings of the pilot studies and improve on the shortcomings of the technique
before this can become a reality. In the critically ill population, despite the potential pitfalls,
multiple studies have demonstrated that both clinicians and parents have overwhelmingly
positive impressions of the impact of rapid genomic sequencing in the ICU setting,
regardless of whether the result returned was diagnostic [45–47].
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Abstract: This study assesses the benefits and challenges of using genomics in Newborn Screening
Programs (NBS) from the perspectives of State program officials. This project aims to help programs
develop policies that will aid in the integration of genomic technology. Discussion groups were
conducted with the NBS Program and Laboratory Directors in the seven HRSA Regional Genomics
Collaboratives (August 2014–March 2016). The discussion groups addressed expected uses of
genomics, potential benefits, and challenges of integrating genomic technology, and educational
needs for parents and other NBS stakeholders: Twelve focus groups were conducted, which included
participants from over 40 state programs. Benefits of incorporating genomics included improving
screening modalities, supporting diagnostic procedures, and screening for a wider spectrum of
disorders. Challenges included the costs of genomics, the ability to educate parents and health care
providers about results, and the potential negative psychosocial impact of genomic information.
Attempts to address the challenges of integrating genomics must focus on preserving the child
welfare goals of NBS programs. Health departments will need to explore how genomics could be
used to enhance programs while maintaining universal access to screening.

Keywords: newborn screening; genomic testing; next generation genomic sequencing

1. Introduction

Over its 50-year history, the expansion of newborn screening (NBS) has been fueled
by the development of new testing technologies. In accordance with this history, there
is now a growing interest in utilizing next generation genomic sequencing (NGGS) for a
variety of NBS purposes from sequencing of a single gene, to creating sequencing panels
of a state’s entire set of screened conditions, to sequencing a whole exome or a whole
genome [1]. There are a number of potential benefits to integrating NGGS into NBS
programs. As an adjunct to current screening tests, NGGS may help NBS programs identify
specific genotyps, or pathogenic variants, that could shorten a family’s “diagnostic odyssey”
after a positive screen [2]. While its benefits are currently limited to a few conditions, a
recent paper by a group of NBS experts highlighted that more genomic information may
increasingly help providers to refine potential treatment plans by giving them “more
accurate genotype-phenotype information” to inform prognoses, such as “severity of
disease or age of onset” [2]. The implementation of NGGS would also allow programs to
screen newborns for a much wider range of conditions, including risks for later-onset or
chronic conditions.
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Alternatively, the use of NGGS in NBS will present a number of programmatic and
policy challenges for NBS programs [3–5]. For example, genomic sequencing platforms in
NBS could represent a dramatic shift in the kinds of information generated through this
public health program. The uses of NGGS in clinical settings have already highlighted the
difficulties involved in managing, interpreting, and communicating to patients the large
amounts of data generated through these sequencing platforms [6]. From a programmatic
and policy perspective, NBS programs will have to address the long-term management of
and access to the vast amounts of genetic data generated from NGGS. NBS programs must
balance suppression of certain results, moral obligations to disclose potentially valuable
health information to families, and parents’ rights regarding their children’s genomic
information [4]. NBS programs also need to consider the potential harms of disclosing
findings with uncertain or ambiguous implications for newborns that parents and their
health care providers would find exceedingly difficult to interpret [7–9]. When a positive
NBS result is discovered, parents and PCPs are typically informed of the results and work
together to communicate with medical genetics professionals and/or other specialists to
coordinate diagnostic steps and future care. In dealing with potentially complex genomic
information, NBS programs may need to develop new approaches to these communication
processes in order to adequately educate and counsel parents. However, attempts to
address these programmatic and policy challenges must be addressed within the existing
NBS mission, which is to safeguard child welfare and improve outcomes for newborns and
their families.

There have been a number of recent empirical research projects and expert workgroups,
that have examined the risks and benefits of using genomic technologies in a newborn
population, compared the effectiveness of NGGS to traditional screening modalities, and
described the various ethical, social, and practical challenges of genomic NBS [2,10–15].
However, none of these projects have explicitly done so from a public health program
perspective. This perspective is crucial given that the challenges associated with the
integration of NGGS technology into NBS programs may interfere with the successful
functioning of the existing system and impair its ability to deliver care to children and
their families. We aim to fill this gap by presenting results from a study that assesses key
benefits and challenges of integrating NGGS into NBS programs from the perspectives of
the State NBS program officials themselves. Identifying these challenges early will enable
NBS programs to proactively develop policies and practices to aid the integration of NGGS
technology into NBS programs in ways and, in doing so, preserve the effectiveness of the
NBS system and, in turn, improve health outcomes for newborns and their families.

2. Methods

2.1. Participants

Investigators partnered with the seven Regional Genetics Collaboratives (RCs), whose
mission is to promote the translation of genetic medicine into public health and healthcare
services with the ultimate goal of improving the health of children and their families [16].
Each RC has about 7–8 state NBS program members. These collaboratives represent a
diversity of expertise related to genetics and newborn screening from each of the states
within that region. These RCs allowed investigators to host focus groups during events such
as their regional meetings and conference calls, which are attended by state NBS program
officials and other program stakeholders. Leaders of the RCs helped investigators recruit
representatives from each of the three stakeholder categories for the focus groups, (1) NBS
Program Directors or Coordinators; (2) NBS Laboratory Directors; (3) Newborn Screening
Follow-Up Coordinators. This study was reviewed and approved by the Institutional
Review Board (IRB).

2.2. Discussion Groups

Discussion groups were facilitated by either Dr. Goldenberg or Dr. Tarini and one of
the project’s Research Assistants. Research assistants or the non-moderating PI served as
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notetakers. Consent forms were signed at the beginning of the session if done in person;
for focus groups done over the phone, consent was taken verbally. Focus groups were
digitally audiotaped and transcribed for analysis. Each focus group lasted approximately
one hour. The discussion group guide was developed through a combination of literature
reviews on NGGS in NBS and iterative team conversations with our team which includes
clinicians, social science and health services researchers, and representatives from state
NBS programs. The focus group guide (Table 1) addressed the following major thematic
areas: (1) Current or expected uses of NGGS in NBS programs; (2) Potential Benefits and
Challenges of Using NGGS in NBS; (3) Educational or communications needs for parents
and other NBS stakeholders; and (4) Policy needs for states regarding NGGS in NBS.

Table 1. List of primary focus group guide questions.

Thematic Area Specific Questions

Current or expected uses

• How have new technologies been integrated into your programs in the past? What
is the process? Were any policy changes necessary when these changes were made?

• Do your programs utilize genomic sequencing technologies now?
• Have any of your programs had any conversations or made any plans to prepare

for genomic technologies and their implications? Have you discussed this as a
adjunct technologies to current screening modalities or as a new replacement
technology for current MS/MS screening?

Potential Benefits and Challenges

• What would you see as the benefits of integrating genomic sequencing into your
NBS program?

• What would you see as the major challenges/barriers of integrating genomic
sequencing into your NBS program?

• Do you think there would be any ethical/social implications of utilizing these
kinds of screening tests?

• What would be the programmatic implications of genomics as an adjunct test? As
a replacement test?

• How do you think genomic information should be communicated to parents? How
should they be educated about screening?

• Do you think that the integration of genomic sequencing should impact the
mandatory nature of your programs? Should consent be utilized? How might you
implement this kind of authorization?

Educational or communications needs

• What kinds of training/education do you think your programs would need to
integrate genomics into NBS?

• What kinds of parental or public education do you think your programs would
need to integrate genomics into NBS?

Policy needs

• Do you believe your current policies would allow for the integration of genomics
into your programs? If not, then what types of policies do you think would be
necessary to allow for this kind of integration?

• What kinds of protections do you think would need to be built into your policies
regarding how to collect, store, and manage genomic data?

2.3. Data Analysis

Standard procedures for analyzing qualitative data were employed, based on succes-
sive coding passes by two independent coders, beginning with open coding of content at
the level closest to the content of the text, and through broader and more analytic codes [16].
All identifying information was removed from the audio and transcripts, and transcripts
were imported into Dedoose, a computer program for managing text data [17]. Thematic
domains were identified through a process of intense review of transcript data. Every tran-
script was coded by at least two team members, and a process of iterative group discussions
were used to review and settle any discrepancies between coders.
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3. Results

3.1. Participant Characteristics

In total, twelve focus groups were conducted—four in person and the remainder were
conducted during over the phone conference calls. The number of participants in each
group ranged from 5–25. Over 100 participants were included in all the focus groups,
including NBS officials from over 40 state programs. All seven of the RCs were represented
by at least one focus group. The following sections detail the primary themes discussed
across our discussion groups, and Supplemental Table S1 contains additional representative
quoted associated with each thematic area.

3.2. Benefits of Using NGGS in NBS

Participants were asked to describe the advantages or benefits of incorporating ge-
nomics into NBS. These perceived benefits were mostly related to the possibility of using
NGGS technology to improve the current quality or effectiveness of current screening
modalities for conditions already screened within state programs.

Reducing Burden of False Positives: For example, many participants discussed the
potential for reducing the number of false positives within NBS results. Participants noted
that, following up on out of range initial NBS results, many of which turn out to be false
positives, can take a great deal of time, and that reducing that delay by using additional
technologies would be helpful. One noted their own experience incorporating genomics as
a primary technology into testing for a single condition.

“ . . . we just had so many false-positives and that created so much work both in the lab and
for the short-and the long-term follow-up that we had to find ways to you know reduce
the false-positive rate, and that kind of helped us do that, but that’s just one condition.”

Participants also discussed how the use of genomic technologies could also help ease
the burden of false-positives for families by reducing the need for additional samples and
long waiting times for additional results.

“And that’s kind of what we started, because I found that having to call families about
probably false-positives and having them go get blood drawn, it just creates a lot of burden
and then you have all this excess worry. Whereas if we’re able to do the gene study and
find no mutations and have a repeat on some of these disorders, then we can feel pretty
comfortable that that’s not it.”

Provision of Detailed Risk Information: Yet another potential benefit a few participants
noted was the ability for genomic results to provide more detailed risk information to
the family. Some described families that had received sequencing results from private
companies. One participant noted: “ . . . there’s this need from the community also to say ‘We
want everything you know about us”.

Assist with Future Reproductive Decisions: For other participants, genomics in NBS
could provide that additional genetic information that may not only help the affected child
directly, but also assist the families in making future reproductive decisions.

“Yeah, and at this point, you know the resources that parents have can be different. So if a
child qualifies for Medicaid and some things can be done, they can be done for the child.
They reflect back on the parents, but the parents themselves may not have coverage to
get their own sequencing done or even you know identification of some kind of abnormal
something, and so especially the fathers. It’s like ‘That’s out of the question. We can’t
test dad. You will have to pay for it completely.’ At least if you have a more definitive
something in the baby, you can you know reflect back at least that amount of knowledge
securely to the parents, even if they themselves can’t get the same or afford the same kind
of diagnosis-seeking.”

Screen for Disorders Not Otherwise Possible: While it was not seen as a primary
benefit, some participants did discuss the possibility that genomics could allow NBS
programs to include a wider spectrum of disorders into the panel via genomics, especially
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for conditions that would be difficult or impossible to screen with current MS/MS testing
modalities.

“another benefit would be you know maybe the ability to screen for more disorders where
right now there’s you know no biochemical assay, for instance, (and) that lends itself to
screening on a population basis.”

Equitable Access to Genomic Services: Finally, a number of participants noted that
one benefit of integrating NGGS into state NBS programs would be the potential to support
access to genomic services to all newborns in the US. These participants felt that, because
one of the foundational goals of NBS was universal access regardless of socioeconomic
states, state programs might be in a position to provide more equitable access to genomic
services.

“it’s one of the only places in life where there’s not healthcare [disparities] . . . that’s our
mantra, right, is universal health? The only time in your life you really could get it
[genomics], and so where can we fit in there to benefit our population”?

3.3. Challenges of Using NGGS in NBS

Even as they acknowledged the potential benefits, participants were much more
inclined to raise concerns about the technical and ethical challenges of incorporating
genomic testing into NBS. The challenges and concerns they raised fell along a number
of areas.

Impact of Workforce and Budgets: A primary concern for the stakeholders was the
impact of genomics on their workforce and on their budgets. While the lab directors
described the cost of upgrading equipment and space, and the ability to justify and acquire
the larger budgets that would be needed, as a significant barrier, an even greater overall
concern was the ability of staff to handle the follow-up and counseling needed to address
the information provided by genomic sequencing. One program official noted that “we just
don’t have the manpower to provide information to providers and counsel the families.”

3.4. Low Genetic Literacy among Public and Providers

In addition to workforce concerns, many participants also felt that their ability to
educate both parents and health care providers would pose a significant challenge to
increasing the medical utility of genomic information for families. They worried that, given
a lack of genetic literacy among the public and health providers, there would be a steep
learning curve for being able to effectively understand complex genomic data—especially
in the case of whole exome or genome sequencing. One participant stated that “the doctor
has to understand the results, and then the patient has to be taught how to understand
the results . . . The general pediatrician may not know what to do or how to describe it,
and then once they give the wrong message, it gets perpetuated incorrectly in the patient
population”.

Participants anticipated that, for parents and families, the learning curve could be
even greater. Additionally, clarity and transparency about the newborn screening process,
and what purposes genetic information may be used for, would be even more important to
parents making decisions about NBS screening.

“They are scared of just even the word “DNA” being used, let alone sequencing a whole
genome . . . There are many parents that don’t even know newborn screening happens, or
they just remember, ‘Oh yeah, they took some blood, put it on a card.’ The public would
have to be very, very educated that this was happening.”

Lessons of Past Technology Integration: Many participants referenced earlier expe-
riences of technology change–specifically, the introduction of tandem mass spectrometry
(MS/MS) into newborn screening. These program officials warned that their experience
with integrating MS/MS should serve as a cautionary tale for integrating genomic technol-
ogy into NBS.
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“I think we should not repeat the mistakes of the past, because I remember when we
expanded newborn screening with tandem mass spectrometry, everybody jumped the
gun. So, I think we need to be smart in the way that we should gather some information
on those conditions, get an idea of when to start treatment, how to follow these patients
before we start the [genomic] screening.”

Participants were asked to consider using genomics as an adjunct rather than replace-
ment technology. Most participants felt that, in most cases, using genomics as a secondary
or adjunct test would allow a more gradual introduction which would lend itself to a
controlled and specific use of the technology.

“I think using it as an adjunct technology would kind of ease us into it, so to speak, and
you know and help us to gradually adopt it in small doses and build our knowledge
and understanding and the capacity to deal with the information . . . As replacement
technology, I feel it’s like really diving into the deep end and just feel very unprepared
for that.”

NGGS as Replacement Technology: Participants were asked to specifically consider
the prospect of potentially moving towards whole genome or whole exome sequencing
as a replacement technology. Generally, this was especially worrisome for participants
who were concerned about number and types of results that would need to be returned to
parents—especially in the context of a mandatory screening test.

“you really can’t put that burden on parents that we have a mandatory test with a bunch
of things that we can’t figure out what’s happening with their kids ‘ . . . I mean it’s hard
enough making sure that kids are in nurturing families to suddenly throw on them that
‘We’ve mandatorily tested your child for x, y, z. We have no idea what this mean, but
good luck with that,’ right . . . I don’t want to tell a family that ‘Your child has this late
onset disorder. There’s nothing we can do for it, and shouldn’t show any symptoms ‘til
maybe later on, some muscle weakness or whatever. Have fun. Good luck with your
newborn . . . I’m not going to do that to a parent.”

Furthermore, participants also worried about how programs would need to decide
what kinds of results to return to parents. For programs, this was complicated by unclear
guidelines about how to determine which results may be actionable and whether it was
appropriate for public health institutions to be making the decisions about which results
to return.

“We need to be very clear about like the definition of an actionable result . . . we would
need some guidelines about ‘What are actionable results . . . So to understand that just
because we can do the test, doesn’t mean we’re prepared to deal with the results, and
maybe we shouldn’t, as public health systems.”

Finally, participants expressed concerns that too broad use of genomics would in fact
hurt the original intention of state newborn screening.

“Clearly, we need to keep screening for things that have safe, effective treatment, that
that’s what newborn screening is based on, and that’s finding out about all these other
things that are untreatable or unknowable at this point. So, I think that that clearly goes
against the ethics of newborn screening.”

4. Discussions and Conclusions

This study found that key NBS program stakeholders perceived a number of structural,
technical, and ethical challenges to the integration of NGGS technology into state NBS
programs. While participants understood that there may be some compelling benefits
to incorporating genomics in their programs, they had significant concerns, particularly
around costs and data management, interpretation and communication of results, psy-
chosocial harms associated with uncertain or ambiguous genomic data, and deviation from
the core goals of NBS programs. Most notably, participants raised concerns that failure
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to address programmatic and policy challenges from the integration of NGGS technology
into NBS programs could disrupt the functioning and reduce the benefits of these pro-
grams for newborns and their families. For example, management of the genomic data
could overwhelm the current capacity of NBS programs and lead to an interruption in key
functions. Program officials further raised a number of issues related to the impact this
information may have on families. First, the public could raise significant concerns about
the potential for misuse or unintended harm from genetic data, such as genetic discrimina-
tion or possession of genetic information by a government agency. Second, there may be
added concerns about giving families information that either would inform parents about
their own genetic risk or reveal carrier status or adult onset information about newborns,
which may further move beyond the current ethical justifications for population based
screening and violate a newborns right not to know certain genetic results that will not
be relevant until they reach adulthood. Finally, and most possibly most concerning, the
complexity of information or increased uncertainty about results could also prompt parents
to opt out of NBS screening altogether, thus negating the potential benefits of screening for
their newborns. Addressing these and other as yet unidentified issues requires systematic
research about the kinds of genomic information that should be returned to parents and
how best to communicate it, as well as how to address public policy concerns about the
use of genomic data by a public health program. The international NBS community will
need to clarify the important distinctions between adding genomic sequencing into current
NBS approaches and a larger paradigm shift to “genomic screening” of newborns which
could include whole genome or exome sequencing of all newborns. This shift may further
move programs away from their core goals and disrupt the benefits of NBS, especially if
the addition of genomics adds significant increases in uncertain results being returned to
families. Furthermore, many international NBS stakeholders, including the EUNENBS
network of newborn screening experts, have noted the important differences between
screening and diagnostic approaches [18], and thus a shift to more diagnostic genomic
sequencing may again further move programs away from their primary goals of population
based screening.

Another related overarching message from NBS program stakeholders focused on
the history of challenges associated with using new testing modalities in NBS programs.
Advances in testing technology have always been both the greatest benefit and the greatest
challenge to NBS programs’ ability to improve health outcomes for newborns and their
families [19]. For example, tandem mass spectrometry (MS/MS) technology allowed
programs to screen for more disorders without significantly increasing screening costs.
However, the increased number of tests was accompanied by an increase in the number of
false positive results [20], inadequate education of primary care physicians about newly-
screened disorders [21], and indeterminate results [8]. Many of our participant stakeholders
felt that the integration of NGGS technology into NBS programs would pose similar
challenges. They noted the need for programs to work together to avoid some of the
mistakes of the past, while finding effective ways to utilize new technologies and improve
programs [22–24].

It seems that, moving forward, it is critical that NBS programs share strategies and
lessons as they work to incorporate NGGS into NBS. Such a widespread collaborative
approach to complex problems in NBS is not new. In fact, the Collaborative Improvement
and Innovation Network (COINN) for Timeliness in Newborn Screening is an example of
such an approach to addressing the challenges of ensuring timely collection and processing
of NBS specimens. This initiative provides a potentially valuable and useful model for NBS
programs as they contend with the challenges of integrating NGGS.

As with all studies, there are limitations that should be noted. This was a qualitative
study whose goal was to identify and address the programmatic and policy challenges
raised by the integration of NGGS technology into NBS programs. It was not designed to
examine the scope and severity of these challenges, but to identify consistent emerging
issues for additional investigations. Our participants were leaders and officials within state
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NBS programs. While beyond the scope of this study, we acknowledge that gathering
additional stakeholder viewpoints will also prove critical as NBS programs grapple with
the integration of NGGS technology. We chose to focus on the state NBS programs because
theirs is often an underrepresented voice in discussions about NBS technology. We believe
their perspective is critical to the goal of maintaining the current benefits of NBS, while
exploring how genomic screening technologies may be used to enhance or expand those
benefits in the genomic era. Given their experiences with the introduction of tandem mass
spectrometry, it is understandable that many of the NBS stakeholders would approach
NGGS with caution. These experiences also provide a chance to apply the lessons of the
past as the programs to the opportunities of the future [25].

As NBS programs continue to evolve, attempts to address challenges must keep child
welfare and patient-centered outcomes front and center. This includes ensuring adequate
communication between the state programs and primary care providers, ensuring that
patients and providers have access to appropriate education and counseling regarding
genomic findings, and providing coordination of care with the medical home for follow-up
and treatment [26]. The actual impact of NGGS technology will depend in large part on
the ability of health departments to address these concerns in comprehensive ways that
maintain the current benefits of programs and ensure universal access to screening, while
exploring how these screening technologies may also be used to enhance or expand the
benefits of newborn screening services [27,28]. If the programmatic and policy challenges
from the integration of NGGS technology into NBS programs are not addressed, they could
ultimately disrupt the functioning and reduce the benefits of these programs for newborns.
Addressing the challenges identified through this project will require further systematic
research about the what kinds of genomic information parents may want to know about
their newborns, how to effectively communicate those findings, and assess any potential
harms associated with receiving genomic screening results. It will also be crucial to address
any public policy concerns about the use of genomic data by a public health program.
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Abstract: Cystic fibrosis (CF) has been included within the UK national newborn screening pro-
gramme since 2007. The approach uses measures of immunoreactive trypsin (IRT) in dried blood
spot samples obtained at day 5 of life. Samples which reveal IRT results >99.5th centile go on to be
tested for a limited panel of CF mutations. While the programme works well and achieves a high
level of sensitivity and specificity, it relies upon repeat testing in some cases and identifies probable
carriers, both potentially provoking parental anxiety. In addition, the limited CF mutation panel may
not fully reflect the ethnic diversity within the UK population. The use of wider genomic screening,
made possible by next-generation sequencing to replace more limited panels, can be used to avoid
these shortcomings. However, the way in which this approach is employed can either be designed to
maximise specificity by limiting reporting to combinations of known pathogenic mutations or can
maximise sensitivity by also reporting combinations of pathogenic mutations together with variants
of uncertain significance. The latter approach also increases the number of Cystic Fibrosis Screen-
Positive Inconclusive Diagnosis (CFSPID) designations reported, resulting in uncertainty for parents.
To help consider the design of the programme, a dialogue was commissioned by the UK National
Screening Committee (UKNSC) to elicit the views of members of the public without direct experience
of CF, to determine if there was a preference for maximising the sensitivity or the specificity of CF
screening. The participants initially expressed a clear preference to maximise sensitivity and avoid
missing CF cases, but after time to reflect and consider the implications of their choice, a number
changed their views so as to tolerate some missed cases if this resulted in greater certainty of outcome;
this became the majority view. It is proposed that it may be a generalisable finding that the public,
when facing whole-population screening programmes, may require significant time and information
to inform and make their choices and may attach great importance to clarity and certainty of outcome
in the screening process.

Keywords: cystic fibrosis; next-generation sequencing; newborn screening

1. Introduction

Newborn screening for cystic fibrosis (CF) aims to identify babies with classical CF
before symptoms develop; the detection of these babies shortly after birth enables the early
initiation of high-quality care and an optimum long-term health outcome. Screening for
CF has formed part of the Newborn Blood Spot Screening (NBS) programme [1] in the UK
since 2007. Since that time, there has been a notable expansion in newborn screening for
CF across Europe. In 2007, there were only two national NBS programmes, while in the
present day there are more than 20 national programs for CF in Europe, each with their
own protocols and algorithms [2].
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The current approach to newborn screening for CF in the UK relies upon an initial
test to quantitate immunoreactive trypsin (IRT) in dried blood spot samples collected
five days after birth. When this is elevated above a cut-off designed to reflect the 99.5th
centile in the population, the sample is tested for a limited panel of four common muta-
tions. If two disease-causing mutations can be identified, the baby is referred for clinical
investigation [3].

If only one mutation is identified, a wider panel is then used that is capable of identify-
ing 50 mutations. If this identifies a further disease-causing mutation, the baby is referred;
if it does not, IRT measurement is repeated at 21 days of life. When this is elevated, the
baby is referred; if the result is normal, the baby is reported to be a probable CF carrier.

As a safeguard and to help avoid missed cases, if the initial IRT is very elevated,
defined in England as greater than >120 μg/mL, a repeat IRT test is performed at 21 days,
even if genetic testing is uninformative. When this repeat IRT test is elevated, the baby is
referred for clinical investigation.

This combination of IRT measurement followed by limited genetic testing and repeat
IRT measurement, if needed, is applied in varying forms by many national screening
programmes. The UK approach to newborn screening for CF aims to improve the specificity
of testing by the inclusion of genetic testing while seeking to maintain sensitivity by
repeating IRT measurement where genetic testing may not be fully informative. This
approach, sometimes referred to as IRT/DNA/IRT, has been proven to be robust over
many years; nevertheless, it has some significant disadvantages and some limitations.

In particular, the initial and extended mutation panels used may not accurately reflect
the wide array of disease-causing mutations encountered in an increasingly ethnically
diverse population; the algorithm requires repeat testing at day 21 of life in a significant
number of babies, resulting in stress for the family and an organisational cost for the service;
a proportion of babies are reported as ‘probable carriers’, with resultant ambiguity for
parents in a screening programme whose primary aim is not carrier detection. In addition,
a normal second IRT result is associated with false negative cases in some children [4].

With the advent of relatively inexpensive and technically reliable ‘next-generation
sequencing’ (NGS) able to identify a greater range of CF disease-causing mutations, it
is possible to consider an approach that is less reliant on repeat IRT testing and which
would more closely reflect the ethnic diversity in the population while avoiding reporting
‘probable carrier’ results. This approach has begun to be adopted by some CF newborn
programmes in the US and elsewhere. An early US study explored the technical feasibility
of screening for cystic fibrosis using next-generation sequencing technology [5]. The NGS
assay proved concordant with mutations identified by alternate methods and the authors
suggested that an IRT/extended NGS algorithm could improve both the sensitivity and
specificity of screening. Denmark adopted NGS as part of their newborn CF screening
program and their findings identified close to the expected numbers of infants when
screening for CF using an IRT algorithm [6].

One of the challenges faced by those wishing to use NGS and related technologies is to
decide whether to restrict reporting to combinations of known disease-causing mutations
and therefore maximise ‘specificity’ or to include ‘variants of unknown significance’ and
maximise the ‘sensitivity’ of CF detection. These choices will, in turn, also influence the
number of Cystic Fibrosis Screen-Positive Inconclusive Diagnosis (CFSPID) designations
reported to parents. Terlizzi et al. [7] recently performed a review of data of CFSPID cases
and concluded that while genetic analysis can improve the positive predictive value of
screening, it also increased the number of CFSPID cases reported.

In order to help inform these difficult decisions, a dialogue involving members of the
public without direct personal experience of cystic fibrosis was organised to explore their
views about the use of wider genomic testing in screening and, in particular, the relative
importance placed upon the uncertainty of receiving a CFSPID designation when compared
with the potential to miss a true case of CF. It is intended that the current study will be
complemented by similar research to determine the views of both patients and families
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living with CF together with those of the health professionals charged with their treatment
and care. The results of these three distinct projects will be used to inform the decision-
making of the UK National Screening Committee in relation to the potential incorporation
of NGS when screening for CF as part of the national newborn screening programme.

It is worth noting that in either scenario, whether to restrict reporting to combinations
of known disease-causing mutations or to include ‘variants of unknown significance’, the
proposed use of NGS would no longer report carriers but only combinations of mutations
of varying types and significance. As the purpose of the newborn screening programme
is the identification of CF, the bioinformatics pipeline would be designed so that carriers
would no longer be identified.

2. Participants and Methods

This dialogue reengaged with a subset of participants who had already taken part in
another recently organised dialogue to explore the implications of whole-genome sequenc-
ing (WGS) for newborn screening. This group was used to ensure that participants had
some familiarity with newborn screening, genetic testing, and cystic fibrosis.

Nineteen people took part in this smaller and more targeted dialogue, their age and
geographic distribution is shown in Table 1; the number invited reflected the budgetary
constraints of the project while providing access to a reasonable cross-section of the public.
In terms of bias, we asked the prospective participants, who had already participated
in the WGS study, to indicate on a scale of 1–5 how positive they felt about the use of
genomic sequencing in newborn screening. We used these responses to help inform the
selection of the 19 for this mini-dialogue, including both those with positive and less
positive views. The participants included a range of ages, locations, and socioeconomic
backgrounds. Given the life stage associated with a decision to accept newborn screening
and so that the new screening approaches will better reflect the ethnic mix in the UK
population, the number of participants from ethnic minorities and those of a younger adult
age were enriched.

Table 1. Dialogue participant demographics.

Male 8 England 11

Female 10 Scotland 1 3

Other 1 Wales 1 1

Age: 18–30 5 Northern Ireland 4

Age: 31–45 7 Ethnic minority 4

Age: 46–65 7 Disability 4
1 Participant dropouts were from Scotland and Wales.

Frontline NHS staff and people with CF or family members of people with CF were
excluded as they would have had greater knowledge and potential for strong influence on
the other participants.

Previous experience within the research group indicates that groups of 6–7 are optimal
to support active participation in online discussion and this enabled three parallel small
group discussions comprising a range of ages, genders, ethnicities, and socioeconomic
backgrounds during the sessions.

A public dialogue approach was seen as helpful as it provided sufficient time to
learn about the issues by engaging with specialists and reviewing stimulus materials,
consider diverse points of view, discover key tensions and values, and generate new ideas
and understanding.

The dialogue process involved:

• A pre-task;
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• A two-hour online (Zoom) workshop with a mix of plenary and small group discus-
sions to understand what the wider genomic approaches are, their impacts, and how
CF and CFSPID are diagnosed and treated;

• A homework task between workshops 1 and 2;
• A final two-hour online workshop to discuss final considerations.

Participants were given a two-week period between the first and final workshop, to
provide sufficient time to complete the homework task and consider the potential impact
of the two approaches before the final deliberations. The process is set out in Figure 1.

Figure 1. The mini-dialogue process: June–July 2021.

The pre-task asked participants to review the welcome pack and remind themselves of
information shared in the previous public dialogue about newborn screening, cystic fibrosis,
and genomic sequencing. The first online workshop of two hours involved hearing from
and questioning three specialists in newborn screening and cystic fibrosis: a laboratory
scientist involved in the current newborn screening programme for CF; a respiratory
paediatrician with extensive experience in receiving referrals from newborn screening
when CF is suspected; and a researcher in medical ethics with experience of families and
children with CF and CFSPID.

During the homework task, participants discussed the different wider genomic se-
quencing approaches with friends and family members to gather their views. The second
online workshop focused on discussing and finalising considerations on the merits of
the two approaches. During both online workshops, three small groups were formed
for discussion and each comprised no more than seven participants working with one
facilitator throughout the dialogue. Facilitators followed workshop process plans designed
in discussion with the UKNSC Project Team.

The questions posed to the dialogue participants were: How should wider genomic
testing be used when screening for cystic fibrosis at birth? What is the relative importance
of ‘sensitivity’ and ‘specificity’ in the context of newborn screening for CF? Participants
were informed that, from approximately 720,000 babies tested each year in the UK, around
200 CF cases are identified. It was explained that a more ‘sensitive’ approach to testing that
includes reporting ‘variants of unknown significance’ would be likely to minimise the risk
of missing babies with true CF but would detect more cases of CFSPID (from approx. 25 pa
currently to 80 pa). The more specific approach which would only report combinations
of known ‘pathogenic variants’ would reduce the number of CFSPID cases detected, but
may run the risk that a small number of additional babies (<10 pa in addition to the current
screening programme) with true CF may not be identified.

The online dialogue workshops were recorded with the consent of the participants.
These recordings were transcribed and analysed using NVivo software [8] together with:

• Data from the homework task;
• Results of the Mentimeter [9] online polling questions used live during workshops.
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Grounded theory was applied to the analysis of the public dialogue deliberations, in
order to gain theoretical insights for the findings [10]. Theories were built from what was
heard rather than from testing a preconceived hypothesis. Public dialogue is a qualitative
methodology, so the findings do not demonstrate statistically representative analysis, but
do allow the exploration of social phenomena through participants sharing their views and
experiences [11].

3. Results

Following more than three hours of deliberation and two weeks taken to consider the
relative merits of the more ‘sensitive’ versus more ‘specific’ approaches, most participants
favoured the more ‘specific’ approach which would identify fewer CFSPID cases.

The reasons offered by those who favoured the more ‘specific’ approach included: a
wish to avoid the uncertainty of a CFSPID designation for more families; an understanding
that the increase in the number of CFSPID designations reported would be greater than
the number of true CF cases missed; a lack of clarity about the support pathway available
for families receiving a CFSPID designation; a recognition that the current CF screening
programme does not achieve 100% detection of CF cases; an understanding that if a child
with CF were missed at screening, that he/she would be likely to be diagnosed clinically by
two years of age and would be unlikely to suffer adverse long-term health consequences.

The reasons offered by those who favoured the more ‘sensitive’ approach included:
a belief that the primary role of a screening programme is to maximise the number of
diagnoses of the screened condition; that a CFSPID designation could be helpful in terms
of being prepared for identifying CF symptoms if they were to develop later in the child’s
life; a greater number of CFSPID designations being reported could encourage research; a
greater number of CFSPID designations being reported could result in an improved care
pathway for those patients and families presented receiving this designation for their baby.

It is important to note that most participants found choosing a preferred approach to
the use of wider genomic sequencing in this context hugely challenging. They struggled
with the moral dilemma presented by the outcomes of the two approaches: a more ‘specific’
approach with the risk of missing a true CF case compared with a more ‘sensitive’ approach
leading to a lifetime of uncertainty for those families receiving a CFSPID designation. At
the start of the second workshop, 9 of the 18 participants who expressed a preference voted
in favour of the more ‘sensitive’ approach that sought to detect all CF cases, while only
5 preferred a more ‘specific’ option, and 4 confessed to being unsure. This contrasted with
the position at the end of the second workshop where 12 stated a preference for a more
‘specific’ approach versus 4 who still favoured a more ‘sensitive’ option; 2 declined to
take part.

It is notable that between the first and second workshops, several participants moved
in the direction of expressing a preference for ‘specificity’ while none moved in the direction
of ‘sensitivity’.

One of the factors cited for choosing a more ‘specific’ approach was the difference in
the number of individuals who may be affected. In the information offered, it was proposed
that fewer than 10 babies pa with true CF may be missed compared with approximately 80
families pa who may receive a CFSPID designation for their child. This greater number of
families receiving a CFSPID designation, creating uncertainty for their children, was seen
as an important outcome to avoid.

The view of the respiratory physician that a child with undiagnosed CF until two years
of age would not be significantly harmed in the long term was clearly influential for the
participants and it is recognised that this may not be a consensus opinion among medical
specialists in the field. It is therefore possible that some or all participants might have
expressed a preference for a more ‘sensitive’ approach to screening if delayed diagnosis
were considered to result in long-term harm.

The participants were also strongly influenced by the numerical difference between the
low number of potentially missed cases described compared with the greater number ex-

94



Int. J. Neonatal Screen. 2022, 8, 32

pected to receive a CFSPID designation. The indication of a possible lack of comprehensive
ongoing support available for the family in receipt of a CFSPID designation also influenced
the participants, but to a lesser extent. It remains possible that if different information had
been provided, then the views and decisions made by participants might have varied.

As if to emphasise this, some participants commented that if they had received more
or different information, they felt that they could easily choose differently.

4. Discussion

The public, patients, professionals, and those responsible for public health policy each
approach newborn screening programmes from a range of overlapping viewpoints and
priorities. In general, the healthcare professionals and particularly the doctors who care
for patients with the disorder often wish to maximise the advantage of the life-changing
benefits that screening offers to the children identified, while health policy makers also
stress the importance of avoiding a negative impact on the wider population such as the
reporting of false positive screening results.

The present study is interesting because it highlights the unique perspective of mem-
bers of the public without direct experience of CF but with sufficient time to listen to
information, question what they have heard, and discuss with one another in order to
develop an informed opinion.

Achieving the correct balance between sensitivity and specificity is a well-known
issue within screening where typically ensuring that all cases of a particular disorder are
identified comes at the cost of either increasing the number of false positive results reported
and/or widening the phenotype of those cases identified—not all of whom may benefit
from early detection and treatment.

It might reasonably be assumed that the general public view would not tolerate missed
cases and indeed during the first workshop, this was the predominant view among the
19 participants who took part in the dialogue. However, it was clear that by the end of
the final workshop two weeks later, with time to reflect and discuss within the family, this
majority view had changed to one which prized the delivery of unambiguous results to
parents over detecting every CF case.

The change in view from the first workshop to the last workshop was particularly
notable and emphasises the need for parents to have clear information and sufficient time
and information to consider the potential implications of newborn screening when making
the right choice for their baby.

A limitation for participants is of course that professional views, such as the concept
that a delay in diagnosis of CF until two years of age would not result in significant long-
term harm, could be influential and yet may not be shared universally by respiratory
physicians treating CF. It also emphasises the difficulty and care needed when helping to
inform parents to make decisions on behalf of their children when, as often happens, there
is a range of opinion in some crucial areas.

It is particularly interesting that the participants highly prized certainty of outcome
in screening linked to clear actions to improve health when compared with approaches
that could result in less clarity or long-term uncertainty. This may suggest an important
generalisable principle reflecting the public acceptability of new or modified screening
programmes, particularly those with a genomic component.
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Abstract: With the expansion of newborn screening conditions globally and the increased use of
genomic technologies for early detection, there is a need for ethically nuanced policies to guide the
future integration of ever-more comprehensive genomics into population-based newborn screening
programs. In the current paper, we consider the lived experiences of 169 family caregivers caring
for 77 children with NBS-related conditions to identify lessons learned that can inform policy and
practice related to population-based newborn screening using genomic technologies. Based on
caregiver narratives obtained through in-depth interviews, we identify themes characterizing these
families’ diagnostic odyssey continuum, which fall within two domains: (1) medical management
implications of a child diagnosed with an NBS-related condition and (2) psychological implications
of a child diagnosed with an NBS-related condition. For Domain 1, family caregivers’ experiences
point to the need for educational resources for both health care professionals that serve children with
NBS-related conditions and their families; empowerment programs for family caregivers; training
for providers in patient-centered communication; and access to multi-disciplinary specialists. For
Domain 2, caregivers’ experiences suggest a need for access to continuous, long-term counseling
resources; patient navigator resources; and peer support programs. These lessons learned can inform
policy recommendations for the benefit of the child, the family, the healthcare system, and society.

Keywords: newborn screening sequencing; newborn genomics; ethics; psychosocial; pediatric
rare disease

1. Introduction

As the expansion of population-based newborn screening (NBS) accelerates globally
with the increasing integration of genomic technologies, the anticipation of potential
implications arising from opportunities and challenges is essential to optimize benefits and
mitigate harms [1–11]. This public health endeavor will have a significant influence and
impact on many stakeholders [12–14], not the least of whom are the infants receiving a
“true-positive” finding and their families. Thus, it is critical to consider the lived experiences
of family caregivers who have been navigating the complex landscape of their children’s
rare conditions that are currently or potentially identifiable through NBS programs. We
collectively refer to these disorders as “newborn screening-related conditions,” reflecting
gene and disease inclusion on the US Recommended Uniform Screening Panel Core and
Secondary, NBSTRN-CR Candidates, NC-NEXUS, and others published by experts (i.e.,
mitochondrial disorders) [15–18].

We also extend the concept of a “diagnostic odyssey” to consider the broader journey
that caregivers of children with rare NBS-related conditions can experience in their attempt
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to understand and manage the uncertain spectrum and evolving course of the newborn’s
reported screen, presumptive diagnosis, and confirmatory diagnostic results. For even a
molecular finding is often not the end of their diagnostic odyssey. We refer to this broader
journey as the “diagnostic odyssey continuum” (see Bush, Al-Hertani, Bodamer in this
Special Issue [19]). Important to this concept is the under-appreciated fact that NBS is a
process, not simply a test, and will likely remain a process whether as a “screening” test
through current NBS platforms or a genomic “diagnostic” test from the outset. Either
way, public health newborn screening programs aim to presymptomatically identify select
conditions for which a confirmatory “diagnosis” may be sought, and often diagnosis is
an evolving process. Typically, findings are initially communicated in the beginning of
the first year of life with the intent that through early identification, negative outcomes
for the infant can be averted or mitigated, thereby reducing morbidity and mortality rates
for all infants [20,21]. In doing so, beneficence and non-maleficence can be actualized
and equitable [9]. However, early signs and symptoms may be missed, the presumptive
diagnosis may be a misdiagnosis, or the confirmatory diagnosis may not fully capture the
child’s condition due to significant variability, resulting in a ‘label’ that lacks precision. In
such cases, families are often on a journey that extends well beyond the initial diagnosis, a
journey that continues until a fully realized syndrome is manifest, more precisely identified,
and outcomes understood.

Importantly, the heterogeneity in phenotype and genotype-phenotype correlations
of many NBS-related conditions (current and proposed) results in prognostic uncertainty
which can impact the timespan of the diagnostic odyssey continuum. Long-term follow-
up of NBS is key [22,23], yet notably lacking, and could improve understanding of a
rare condition’s natural history [24]. This is particularly salient as NBS expansion with
genomics accelerates and amplifies the need for shared decision-making [25,26] in care
management given the level of uncertainty that will accompany the greater magnitude
of conditions and carrier statuses identified. While recent studies report opportunities,
challenges, and limitations with augmenting, supplementing, and secondary tier use of
genomic approaches to characterize this variation [6,27–31], and some professionals are
vocal proponents or opponents of primary comprehensive sequencing as part of NBS [32],
it is important to seek the voices of caregivers and consider the lived experiences of families
who are already caring for children with NBS-related conditions. Such perspectives can
contribute to ethically nuanced policy.

From an ethical perspective, the “best interest of the child” [33,34] and the “harm
principle” [35] are beacons that guide NBS practices worldwide. However, there is contro-
versy [36] about whether NBS criteria should go beyond the classic 1968 Wilson Jungner [37]
World Health Organization (WHO) framework to a broader approach with consideration
of parent/family interests and future planning. Andermann and colleagues [38] posited
one such screening criteria (also for the WHO) four decades later that they subtitle “for the
genomics era” (not necessarily WGS) and more closely parallels contemporary practice in-
volving children. Their framework includes weighing benefits for family interests while not
neglecting the child’s interests, and is applicable whether sequencing is primary, secondary,
confirmatory, or supplemental. Further controversy surrounding inclusion criteria arises
from the degree of comprehensiveness, and their potential benefits and harms [32,39,40].
Some commentators note that the incorporation of a genotype-first approach in NBS for an
expanding range of conditions may no longer constitute a newborn “screen” and potentially
jeopardize a valuable public health program with some parents opting out of consenting.
Others argue a more comprehensive genotype-first approach in NBS can shift a learning
health care system [41] further from a reactive model to a proactive model, and in turn,
improve equitable access to diagnostics and potentially make more actionable diagnoses
pre-symptomatically. Doing so, even with less comprehensive panels, may then result in
more equitable access to treatments as well as potentially provide greater opportunity for
families to make future plans for the child and other family members [42].
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With these potential opportunities in mind, and cognizant that many ethical concerns
co-exist (see others in this Special Issue), we consider caregiver narratives as they describe
their journey through the diagnostic odyssey continuum. The psychosocial implications
of their experiences, powerfully articulated from their voices, are particularly timely to
help guide an ethically minded approach that is beneficial to the child and that eases the
burden for families and minimizes harms in the context of sequencing informed NBS. What
we learn from these implications derived through interviews most certainly has ethical
implications in the accelerating implementation of genomics in public health NBS programs.
Thus, the integration of caregivers’ perspectives into policies that guide genomic expansion
within population-based NBS has significant value and fosters a family-centered approach
to informed decision-making. Moreover, policies that arise from such work can aid in iden-
tifying what is required to manage expectations of phenotypes, medical/educational/social
needs, outcomes, quality of life, and caregiving responsibilities, while also maximizing
benefits and minimizing harm for the family and the child.

The framework of this study is in contrast to the preponderance of research that
investigates the ethical and psychological implications of parents receiving false-positive
newborn screening results, carrier status, or true positives of single conditions, which
typically utilize surveys, focus groups, questionnaires, or interviews that directly inquire
about the NBS process. Notably, for previous interview-based NBS studies, relatively
small samples were typically engaged. In the current paper, data were obtained from
a relatively large sample of caregivers participating in interviews that did not probe
specifically about NBS. This study also diverges from most rare disease qualitative research
similarly focused on the psychosocial experiences of families in that those studies tend
not to then use their findings to generate NBS ethical considerations. In the current paper,
we characterize the experiences of caregivers whose children’s illnesses are NBS-related
conditions and examine their experiences and perspectives in the context of a diagnostic
odyssey continuum. We discuss the implications of caregivers’ experiences and describe
“lessons learned” for guiding ethically nuanced population-based newborn screening
expansion involving sequencing in public health programs. Using qualitative analysis of
open-ended interviews from a relatively large sample of individuals caring for children
with NBS-related conditions, we consider the following questions:

• How does the presumptive diagnosis of a potentially NBS-identifiable condition
impact these families’ accounts of their diagnostic odyssey?

• How do these caregivers describe the evolution and communication of diagnosis,
prognosis, variation, and uncertainty as they navigate the process of understanding
the child’s condition?

• What meanings and themes arise when these caregivers discuss their experiences
with caregiving regarding their past and present reality in the context of a diagnostic
odyssey continuum, as well as its impact on future planning?

• What lessons can be learned from the themes identified from these caregiver perspec-
tives to optimize ethically nuanced NBS expansion augmented with sequencing?

The intent of this empirical research is to build upon prior and current efforts in the
literature and contribute to the evidence base for developing timely recommendations for
guiding the future integration of more comprehensive genomics into NBS. Importantly,
in line with ethical principles and a family-centered approach, this work will also inform
the identification of caregivers’ needs in order to make informed decisions and provide
resources that will better support caregivers in their care roles as well as enhance shared
decision making. Thus, the lessons learned through caregivers’ experiences can help guide
policy and practice as it relates to population-based newborn screening with increasing
genomic technology in public health programs.
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2. Materials and Methods

2.1. Procedures

Data come from the ‘Inherited diseases, caregiving, and social networks’ protocol
(Clinical Trials Identifier NCT01498263), a mixed-methods cross-sectional study that focuses
on family caregiving in the context of several rare genetic diseases and undiagnosed
conditions. The study was approved by the Institutional Review Boards of the National
Human Genome Research Institute and the National Institutes of Health. Participants were
recruited through ongoing clinical studies of persons affected by inherited metabolic and
mitochondrial conditions and undiagnosed diseases; family meetings and advocacy groups
for such rare genetic conditions; and referrals from participating family members.

Following informed consent, eligible participants completed an online survey and
semi-structured interview either by telephone or in person. Characteristics of the partici-
pant and child were ascertained through both survey and interview. Of note, “child” is
used inclusive of those who reached adulthood by the time of the interview. Participant
characteristics include age, sex, race/ethnicity, socio-economic status, and kinship tie to
the child. Characteristics of the child include age, sex, and diagnosis; in addition, care-
givers completed the Children’s Habilitation Assessment Tool (CHAT) [43] which provides
context for the severity of the child’s condition.

Participants also completed a semi-structured interview where they were asked a
series of open-ended interview questions assessing their physical and emotional health,
experiences with caregiver ‘burnout’, and the impact of caregiving on family functioning.
The semi-structured interview guide (see Supplementary Materials) was derived from
a previously published study investigating caregiver health in the context of caring for
children with genetic syndromes, learning and attentional disorders, and neurological dis-
orders [44]. All interviews were transcribed verbatim; personally identifiable information
of participants, the child, and any family members discussed within the interview was
redacted prior to analysis. The current report focuses on a subset of participants who are
family caregivers of children with a newborn screening-related condition (those currently
or potentially identifiable through NBS), specifically 169 participants from 77 families.

2.2. Sample Characteristics

Family caregivers of children with NBS-related conditions were, on average, 42 years
of age, and approximately 70% of these caregivers were parents of these children. Two-
thirds self-identified as female (66.9%) and the majority reported being married (82.2%).
Slightly more than 10% had some high school or a diploma, while just under a quarter had
an associate degree or technical training; most caregivers completed a bachelor’s degree
(42.6%), and one-fifth had post-graduate training. Slightly more than twenty percent of
caregivers reported an annual household income of USD 50,000 or less, while about forty
percent reported an annual household income of at least USD 100,000. The majority of
caregivers identified as non-Hispanic or Latino (90%) and White (84%) (see Table 1).

The children with NBS-related conditions were, on average, 10 years of age; a few
were over 18 years of age when their family caregiver was interviewed. About a third of
the children were female (36.4%) and the majority (80.5%) were diagnosed with an organic
acidemia. Based on the CHAT [43], care needs were largely in the life skills domain, with
disability scores for social skills and behavior falling in the mid to lower ranges, respectively
(see Table 1). Higher scores are indicative of greater support required for activities of daily
living in the respective domain.
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Table 1. Caregiver and child socio-demographic characteristics.

Participant Characteristics (N = 169) M (SD) or % (N)

Gender

Female 66.9% (N = 113)

Male 33.1% (N = 56)

Age M = 43.3 years (SD = 12.7)

Marital status

Married/living as married 82.2% (N = 139)

Never married 7.1% (N = 12)

Divorced or separated 5.3% (N = 9)

Widowed 0.6% (N = 1)

NA 4.7% (N = 8)

Kinship

Mother 44.4% (N = 75)

Father 26% (N = 44)

Sibling 3.6% (N = 6)

Grandparent 14.2% (N = 24)

Aunt/uncle 5.9% (N = 10)

Other kin 1.2% (N = 2)

Non-kin 4.7% (N = 8)

Education Level

Middle school/some high school 1.2% (N = 2)

High school graduate/GED 10.1% (N = 17)

Associate degree/technical
training 22.5% (N = 38)

Bachelor degree 42.6% (N = 72)

Post-graduate degree 20.7% (N = 35)

NA 3.0% (N = 5)

Income Level

>USD 200,000 11.8% (N = 20)

USD 100,001 to USD 200,000 28.4% (N = 48)

USD 50,000 to USD 100,000 29.6% (N = 50)

USD 20,001 to USD 50,000 16.0%(N = 27)

<USD 20,000 4.8% (N = 8)

Don’t know 5.8% (N = 10)

NA 3.6% (N = 6)

Race

White 84% (N = 142)

Black or African-American 3.5% (N = 6)

Asian 3.0% (N = 5)

Mixed race 3.0% (N = 5)

Other 4.1% (N = 7)

NA 2.4% (N = 4)
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Table 1. Cont.

Participant Characteristics (N = 169) M (SD) or % (N)

Ethnicity

Hispanic or Latino 5.3% (N = 9)

Non-Hispanic or Latino 90.0% (N = 152)

NA 4.7% (N = 8)

Child Characteristics (N = 77) M (SD) or % (N)

Gender

Female 36.4% (N = 28)

Male 63.6% (N = 49)

Age M = 10.3 years (SD = 7.8 years)

Diagnosis Category

Organic acidemia 80.5% (N = 62)

Fatty acid oxidation disorder 5.2% (N = 4)

Carbohydrate metabolism
disorder 1.3% (N = 1)

Lipid storage disorder 3.9% (N = 3)

Mitochondrial disorder 3.9% (N = 3)

Undiagnosed condition 5.2% (N = 4)

Childhood Activities of Daily Living

Life skills [Range: 0–20] M = 12.9 (SD = 6.7)

Social skills [Range: 0–16] M = 7.6 (SD = 5.5)

Behavioral [Range: 0–24] M = 3.3 (SD = 4.0)

2.3. Analysis

Families who referenced caring for children with NBS-related disorders were identified
after multiple readings of the open-ended transcripts (LB). NVivo 12 Plus Version 12.6.0.959
(64 bit), QSR International, Melbourne, Australia [45], a qualitative data analysis software
program, was used to facilitate coding and analysis. A preliminary iterative codebook
was developed after an initial round of coding (SG and HD); 52 participant transcripts,
from 25 families, were double coded to identify recurrent themes related to the proposed
research questions, organized by overarching themes and more specific motifs. Inter-rater
reliability was assessed, and these preliminarily coded transcripts were reviewed to identify
additional codes and revise initial codes. The remaining transcripts (117 participants from
52 families) were randomly divided between two coders (SG and HD) for single coding
according to the established codebook. Coders met to further refine existing codes and
identify sub-codes throughout this second phase of analysis. After reaching saturation,
codes were shared with the research team at-large (SG, HD, LK, DL, LB). Coders (SG, HD,
LK, LB) grouped salient codes into broader thematic categories in accordance with research
questions. Aspects of grounded theory and inductive qualitative analysis were used to help
coders avoid preconceptions and to find unanticipated themes and commonalities within
the corpus of data [46,47]. Participant unique identification numbers follow quotes used to
illustrate identified themes; the first three digits of each identification number denote the
family, followed by three digits that denote the family caregiver.
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3. Results

3.1. Domain 1. Medical Management Implications of a Child Diagnosed with NBS-elated
Condition: “there’s so much, still, that’s unknown” (747000)

Caregiver responses highlighted the multi-faceted challenges arising from their ex-
periences of diagnoses for rare diseases. They describe their experiences as an odyssey
that often move families into a caregiving role filled with uncertainty. One component of
this uncertainty was expressed as being related to how much is unknown about the rare
conditions affecting the child and the limited understanding of such conditions within the
medical community. These unknowns made their challenging caregiving roles ever more
complex. Family caregivers were acutely aware of how much there is still to learn, for both
themselves and medical professionals:

“There was a lot of unknowns, a lot of unknowns. What is his condition? And what’s it
all going to mean?” (747001)

“– we had a doctor tell us one time that if it has hooves it’s probably a horse and not a
zebra. It’s like, well, we were the zebra. Like [child], you know, didn’t have reflux, he had
a metabolic disease . . . ” (119000)

“We were really worried initially about [the child]’s, like, physical health. Like, there
wasn’t very much research on his disorder and what there was, kind of, was very dire and
like, ‘Oh, he could have these medical crises at any second.’” (702000)

Many of these caregivers also expressed that in addition to the rarity of these con-
ditions, the phenotypic variability within conditions compounded their challenges with
ongoing uncertainties. A medically named diagnosis does not capture the lived experience
or prognosis of the individual child and family.

“We just don’t even have any clue what the outcome’s going to be like in this . . . The
spectrum is so wide.” (116001)

“When you read things online, it can be, like, sort of, like, worst-case scenarios . . . when
I first read about [condition] when he first got diagnosed, like, this could be true, but this
hasn’t turned out to be true for him or the majority of other patients we know.” (126004)

The rarity of such conditions, and phenotypic variation within, reportedly shaped
these families’ diagnostic odyssey continuum—that is, how they inform themselves about
the child’s condition following a presumptive diagnosis and subsequent modifications to
the diagnosis, act as patient advocates, interface with the medical community, and approach
treatment-related decisions.

3.1.1. “And then the next day we heard, ‘[condition]’, and it has just been a whirlwind
since then.” (140000)

While the odyssey from the unknown to a “screen” to a “diagnosis” for current NBS
conditions typically begins at birth with the heelstick, for most of our participants the
diagnostic odyssey continuum did not end at the point of the first reported finding.

“ . . . neurologist at the hospital—he said something I’ll never forget . . . ‘as soon as
something like this happens, all they [sic parents] think about is, ‘Is my baby going to
die? . . . You just need to be aware of where your mind goes when you look at your child.
Especially when they’re at the doctor, or you’re getting new and different news about the
diagnosis.’ And our geneticist in [city] told us that he—because I asked him point-blank,
‘Okay, so what’s the lifespan for a kid who has this?’ At the time, we didn’t know his
mutation. He told us maybe 11 or 12 years old.” (112000)

“– when he was in the hospital as a brand-new newborn, . . . . I said, ‘Man, let’s keep
things in perspective. The baby next to us has to get a liver transplant,’ and that, like,
things were much worse for them than they were for us. And then, eight months later,
there we were, getting a liver transplant.” (126004)
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As described, in some cases, the child’s clinician incorrectly considered the initial
results to be a ‘false positive’, “It’s too rare of a disease. He doesn’t have this disease. This
was a false positive.” (119000), extending experiences of uncertainty as families awaited a
conclusive result. For several, the child experienced a medical crisis before results were
disclosed.

“Well, it was caught in the screening. However, I think it took too long, because she was
7 days old when we got the call that something was abnormal on the screening, but she
was already sick by then, and they—all they said was, ‘Abnormal.’ So, we took her to
the pediatrician. They did more bloodwork and, I think, got urine and stool samples,
something like that, and sent it off and told us – . . . told us to keep feeding her. Well—but
it was the next day that we were in the ER . . . I mean, it was newborn screening-detected,
so that’s great. That probably saved her life. She might have been a SIDS baby otherwise.
But . . . knowing about it sooner would—could have possibly prevented the metabolic
crisis.” (140000)

“ . . . but then his dad was like, “We’ll just wait until the doctor contacts us, or like
contacts us, and like, you know, they’ll handle it”, but they didn’t, and then he had like
seizures and he had to keep him in NICU.” (148000)

Given caregivers’ limited understanding of such rare diseases, there is a reliance on
the medical team, who may also have limited understanding of and limited experience
with these rare conditions. Yet, healthcare professionals don’t always recognize, or share,
that the confirmation testing following an initial screen and consultation process can be
lengthy. Such delays not only can have significant medical implications for the child, but
they also have the potential to impact patient–provider relationships moving forward. This
time period is pivotal in shaping how caregivers interface with the medical community.

“– all of the initial testing where . . . we were kind of naive and, like, we didn’t know, like,
of course we were going to go along with what the doctor said, and like, it’s kind of like
they tested the same thing four times just to make sure.” (745000)

“Yeah, well, that’s the thing. Like, I don’t feel like—now, in our first year it was a lot
of new information thrown at us all the time. He had 86 doctor’s appointments in 10
months.” (401000)

3.1.2. “– just make sure you learn as much as you can” (150001)

As these caregivers entered the world of rare diseases, they speak about learning and
processing information that encompasses both the intricacies of their child’s condition, as
well as the nuances of the health care system. Many considered developing a literacy in
this world as being paramount to providing effective care for their child. Said one parent:

“It’s pretty overwhelming. Like, it’s pretty, like wow, like this is intense, you know, to not
only be in—like to be the one that’s, you know, helping to keep these kids alive, but like
to like, have all this medical stuff that you have to do along with it. So, it’s definitely a
learning curve, like you learn a lot of information that no one else understands, unless
you run into someone who understands it.” (110000)

Caregivers describe a vast range of resources used to build their knowledge base, rang-
ing from the more professional and academic (including keeping up to date on emergent
research and primary literature) to the more informal, such as parent Facebook groups.
They spoke of the necessity of building this knowledge base as being rooted in the rarity of
the conditions themselves:

“Well, I was the one up on the internet, you know, up on the computers trying to research—
he was detected through newborn screening that [child] had [condition] . . . And no one
at the hospital where he was born had—knew what this was . . . So, even though we were
in a big city hospital with all these great doctors, no one had heard of this . . . condition.”
(747000)
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However, the available sources for information gathering can yield mixed results: care-
givers note both the necessity to keep up to date with information, and also acknowledge
that it is imperative to “take the things you read with a grain of salt” (126004) since some of the
sources were outdated or did not address phenotypic variability within the condition.

3.1.3. “like, become informed, because you’re going to have to be an advocate when your
child has a rare disease” (126004)

As a result of extensive information gathering, caregivers stressed the need to become
expert advocates for their child, ever cognizant of the gaps between the care system they
and the patient must navigate and the state of the science on their child’s condition:

“Recognize that if you want your child to have the best care, you’re going to have to really
do that research and, like, stick up for things, because many doctors have only seen one or
two cases of this in their career.” (126004)

Many acknowledge that stepping into the role of expert advocate requires caregivers
to develop considerable information-gathering and organizational skills:

“– we take the time to go see a doctor four to five hours away, we have a list of questions
. . . then we have time for other questions that may arise spontaneously . . . But I think the
organization and the openness in conversation and planning ahead has helped.” (112000)

3.1.4. “finding those right doctors . . . is the most important thing” (116001)

For many of these families, an imperative action in the initial time frame and long-
term is building an effective, knowledgeable, and cohesive care team. In addition to
gathering information and advocating for their child, caregivers also need to identify health
care providers that have the appropriate expertise and patient-centered communication
skills. For many, locating such experts is challenging, often requiring trial and error and
out-of-state travel:

“I went to [advocacy conference] in 20##. That’s where I actually met [child’s specialist].
He was speaking there . . . And I’m a little shy, so <unintelligible> I walked up to him
and I said, you know, ‘Are you taking new patients?’ And I almost made an appointment
right there. So, that was how we connected with him and we’ve been very happy with
[hospital’s] team.” (116000)

“The best advice I can give is make sure you find a doctor that will listen to you . . . She
could look at him and tell, like, “Okay, something’s not right.” Or she can smell him and
tell that something’s not right . . . – just know your kid.” (150001)

Family caregivers’ interviews reveal that often, building an optimal care team is im-
pacted by prior experiences with healthcare providers who have limited knowledge of
treating patients with rare conditions. In some cases, such experiences are noted to have
resulted in negative health outcomes due to medical crises. In other cases, narratives of
such experiences seem to dehumanize the child. In all, how the medical community inter-
acts with patients and families affected by rare NBS-related conditions shapes caregivers’
perceptions of the health care system—including feelings of medical mistrust—adding
further complexity to building an effective care team for the child and family.

“I think like a big thing with me is dealing with, like, trust with doctors because when
[child] was diagnosed, the doctor said, ‘He doesn’t have [condition]. There’s no way he
has [condition]. It’s too rare of a disease . . . Like he—you know, he doesn’t have it.’ So
then he ended up having it. So now, like, if, you know, there’s a health issue that arises
and the doctors say we don’t have it, I don’t believe them and I don’t trust them, you
know.” (119000)

“He’s a person with feelings and experiences and day-to-day life, you know, that have
to be taken into consideration. And they just kind of view him as, like, ‘Wow, this is
exciting. Like, once in a lifetime we get to see one like this.’ You know, stuff like that.
We’ve had people—doctors—say that to us. And I find that to be very offensive and
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(laughs) detrimental to the relationship . . . But because they had no ability to care for
him personally, you know, we kind of eliminated them from the repertoire of people we
had to see . . . And I always have thought here that they’re goal is not just to, you know,
learn about this science experiment, but they’re goal is to give [child] the best quality of
life he can have.” (141000)

While healthcare professionals and caregivers strive to bring their knowledge, experi-
ence, and unique skillsets to the table and are mindful of the best interests of the child, their
ability to optimally work together can be significantly influenced by how they communicate
with each other.

“ . . . trying to be assertive, as well as respectful, and get heard, like, can be really hard
things when you’re dealing with, like, the medical community and you don’t have any
kind of degree you feel, like—and you’re, also, just trying to learn it through, like, a
psychosocial component of that, too. Because different medical doctors have different
personalities and, like, different triggers, right? Like, if I say something one way to one
doctor, it’s going to rub him the wrong way. And, then, he has a perception of me. And,
then, like, I don’t know. Like, you hope that they hold you with as much grace as you try
to hold with them.” (747000)

3.1.5. “Unfortunately, the situation isn’t such what . . . we have this treatment and that
treatment. It’s so specific and so specific to our own family . . . ” (700001)

For many of these caregivers, uncertainty related to the child’s health outcomes was
depicted as being inextricably tied to challenges with disease management and treatment
options, which are often limited and individualized due to the rarity of such conditions
and the phenotypic variation expressed within specific diagnostic categories. These factors
present further complexity as caregivers navigate an expanding healthcare system due to
the evolution of the condition, diagnosis, or therapeutics, each impacting care decisions for
their child that must be (re)evaluated.

“ . . . So, I called Dr. [X], and I said, ‘What do we do? What are our options?’ He said,
‘Well, we could do a liver and kidney transplant when he’s about three months old.’ And
at that time, and still, kind of still actually, there’s still lots of problems that go on with
transplants. You don’t just give someone a transplant, and they live 80 years, and they’re
perfectly fine. I mean, you do have stories like that. Don’t get me wrong. But when
you have [condition], there’s still other problems that are associated with these kids, so it
doesn’t just all of a sudden, rainbows come out and the sun’s shining and you don’t have
any more problems. It’s not like that.” (100000)

Caregivers are often called upon to make difficult and emergent decisions as they
experience the push and pull of balancing potentially invasive interventions and their
child’s quality of life, especially when information is limited or outcomes are unknown.
To help them make informed decisions—decisions that are often described as temporally
challenging—caregivers speak of needing to increase their literacy regarding the rare
disease (often through their lived experience) as well as the potential interventions or
treatment(s) for their child while building a knowledgeable care team. However, doing
so (even when they have a medically named diagnosis) does not always lead to a clear
understanding of the child’s prognosis, care, and treatment or prevent deterioration in
health outcomes.

“I mean, when he was age zero to three, before that liver transplant, every day was, like,
brutal. He was so volatile from a health perspective . . . .in hindsight, I think we thought,
at the time, the G tube represented failure to some degree. But I think as time went on,
and his issues became more clear, and the reality of things became more clear, you know,
we kind of pulled the ripcord and got that G tube put in . . . .We probably should have
done that sooner, but, you know, you live and learn or whatever. And then, the liver just
changed everything . . . I mean, he, you know, we were at the shore, you know, watching
him run down the boardwalk, you know, and unfortunately, that stroke robbed him of
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that kind of stuff. And you know, the biggest—the shame of it—of everything he went
through and all the issues he faces and that damn stroke, like, robbed him of, and created
challenges for him on a day-to-day basis that don’t seem like they’re going to be able to be
significantly mitigated.” (135001)

The interviews also highlight that new genomic technologies offer these caregivers
hope that such treatment interventions, and associated decisions, are just around the corner
or at least on the horizon.

“It’s not like it’s something that everybody has and they’re going to be looking— . . . for a
cure. It’s the way that you’re going to solve this disease–the only way you’re going to cure
this is that there’s going to be some—somebody’s going to come with some breakthrough
in like genetic sequencing or something or being able to change, you know, change the
genome around, or you know, make those kind of changes that can be generic for every
kind of disease.” (116001)

“We are very positive . . . We think that, “Okay, this will work out.’ He have a [sic]
deafness, we got cochlear implant for him. He’s losing his vision. We are hoping, and
we are very positive, that someday they will come up with something where his vision
problem will be solved. Some genetic modification or some gene therapy or something.”
(134001)

3.2. Domain 2. Psychosocial Implications of a Child Diagnosed with NBS-Related Condition: “We
just don’t even have any clue what the outcome’s going to be like in this.” (116001)

In addition to navigating the child’s medical care, these caregivers report that they are
also coping with the myriad of intricacies when caring for a potentially medically fragile
child where the outcomes may be uncertain. As one caregiver stated:

“And when you have a child with an inborn error of metabolism, every day is unknown.
There are worst case scenarios that are very real, and possible, and even sometimes
probable.” (722000)

Indeed, the caregivers point to the fact that—“everybody develops different” (115000)—
and this variability was noted to have a broad impact on these caregivers’ experiences.
Importantly, as caregivers connect with each other, they spoke of gaining an understanding
of this variation and developing a support system that they were able to leverage as they
navigated their caregiving role:

“But it was a relief many ways to meet other families whose children were not severely—I
mean, there were some who had more severe parents [sic patients] but some whose kids
seemed pretty normal, so that was a lot better than, you know, what the doctors that we
currently had, the picture they were painting.” (116000)

“I went to some parent group when he was in—early on, and they were like, [the child]
will—he will do his own thing. It will be his own path, and there’s no—there are no
marks for this road. You don’t have any benchmarks . . . It’s just a different perspective
once you recognize he won’t ever fit in this normal box, so it’s kind of freeing that way.”
(149000)

The uncertainty, both in terms of how the condition manifests symptomatically for
the child, as well as for the child’s future, also impacts family caregivers’ psychosocial
adjustment. Caregivers’ reports describe adjustments related to integrating the child’s
diagnosis and medical management into the caregiver’s day to day activities; the process of
acceptance, which requires them to adjust their perceptions and feelings about the child’s
abilities and future outlook; and how caregivers plan for an uncertain future, both for
themselves and the child.
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3.2.1. “ . . . We’re kind of in a battle rhythm . . . we know for the most part what we’re
dealing with.” (126001)

Following a presumptive diagnosis of an NBS-related condition, many of these care-
givers describe learning a new “battle rhythm” in an effort towards integrating disease
management into everyday life. Caregivers report that although the day-to-day activities
associated with disease management initially overtake their lives, they are able to adjust to,
redefine, and create their ‘new normal’. Narratives show that this adjustment may be in the
form of feeling capable to address a crisis that may arise, and through gaining a different
perspective with respect to what it means to have a good enough or an optimal quality
of life:

“Getting used to just kind of living with the uncertainty, and living with that, you know,
being ready to, you know, change tactic at a moment’s notice.” (138001)

“And try to adjust your life. You don’t have to live in a cave and not travel anywhere
and, you know, – this family said the doctors told us that, you know, she needs to stay
home and not leave because if it gets too cold they could die. Well, yeah, they can. But
is it worth living your life that way? . . . For us, you know, [the child] needs to ride
rollercoasters. So what if she shouldn’t because she’s got problems with her heart and
stuff? If she died on a rollercoaster, that would be great because she would go out happy.”
(131000)

3.2.2. “And you learn to appreciate what you have and not what you don’t” (126001)

Adjustments in the caregiver’s roles are reflected in daily activities, and also in their
perceptions, feelings, and expectations as expressed in the interviews. They tell stories
whereby this coping process involves acknowledging the feelings, good and bad, that come
with caring for a child with an NBS-related condition, and accepting what one can control
and what one can’t:

“And actually, life becomes normal and a lot of the time you don’t think about it. When
you get used to it it’s just your life and our life is normal. And you have feelings in
the beginning that you shouldn’t be afraid of, to express. If you feel like you wish you
wouldn’t have had that child, allow yourself to feel it. Allow yourself to feel everything
because you have to work through all those feelings.” (107000)

“people need to be as educated as they can about the disease process so that they can try to
minimize any problems. But then, at the same time, you have to embrace that there’s a lot
of things outside of our control.” (127000)

“And you know, certainly, I’ve accepted some realities over time, and adjusted what I
thought ‘good’ looked like.” (135001)

3.2.3. “fear of the unknown, fear of the unknown future” (119001)

While caregivers shared stories across a continuum of hope, optimism, and expecta-
tions that new discoveries will allow the child seriously affected by the NBS-related rare
condition to live independently, they also reported on the psychological toll related to their
fears of the future and the process of acceptance:

“– you kind of have this whole future planned out in your head for them, and then, when
you get this diagnosis, it’s just like—almost like a punch in the stomach. Like, you don’t—
everything becomes uncertain, unstable, and it’s very—I mean, it’s heartbreaking.”
(740000)

“– you don’t know when something bad can happen, so I’m always thinking the worst.
I don’t really know. Like, I don’t—I don’t know if my kids are going to go to college. I
don’t know if my kids are going to, like, have families.” (146000)

“I think when [child] was younger I had so many goals and so many, I don’t know, things
in mind for him or hopes and stuff. And it was so painful when, I guess, things kind of
would slowly but—it’s interesting because I think when he was really tiny, like a little
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baby, I think part of me already knew how bad things were going to be at some point. And
I didn’t want to like accept that, so I kept hoping things were going to change or get better,
or he wouldn’t be as bad as I guess I thought. And I think it has turned out to be as bad
as I feared (laughs)—very early on. But, I don’t know, I feel like that’s almost part of the
coping that you like—you come to accept that little by little, rather than just—because
it’s too much. Like it’s too overwhelming to try to accept the depth of how bad things will
be. Like at—all at once, you know?” (141000)

4. Discussion

Narratives from retrospective in-depth interviews with this relatively large sample
of family caregivers of children with NBS-related conditions provide rich empirical data
describing their evolving journey and the challenges they experience as they navigate a
landscape replete with unknowns, uncertainty, and variability. These caregiver stories
contribute valuable ‘lessons learned’ that can inform ethically minded integration of ge-
nomics within a population-based newborn public health program—implementation that
fosters respect for informed shared decision making—by bringing to light a constellation
of challenges that largely fall within two domains. The first domain focuses on their critical
caregiving role that necessitates developing medical expertise, advocating for the child
with the rare condition, and navigating the healthcare system; whilst the second highlights
psychosocial aspects of adjusting to and coping with their caregiving role. These domains
reflect both problem-focused coping as they attempt to manage their child’s condition and
emotion-focused coping as caregivers realign their expectations of what is important for
their own and their child’s lives.

Given the inherent characteristics of the majority of NBS-related conditions—notable
phenotypic variability, prognostic uncertainty, and a wide range of gene variants with
low phenotypic correlation in concert with current limited knowledge of rare diseases by
health care professionals and others—we anticipate that many of the significant challenges
expressed by these family caregivers will persist for other families as more conditions
are identified with population-based genome approaches. We acknowledge that the chal-
lenges identified here are not all new and there are prior and current efforts to address
them. However, many of the challenges raised by family caregivers in these interviews
highlight that they have not yet been sufficiently met. Thus, there is a very real need to
further mitigate the challenges that caregivers of children with rare diseases experience
in order for a more sequence-informed NBS to be realized, including complementary to
biochemical assessments. Based on the domains and themes identified from the narratives
and perspectives of these family caregivers, we share several points of consideration to
optimize ethically nuanced NBS expansion augmented with sequencing, with the hope
that such lessons learned can potentially further inform policy recommendations for the
benefit of the child, the family, the healthcare system, and society.

4.1. Domain 1. Medical Management Implications of a Child Diagnosed with NBS-Related
Condition

The provision of up-to-date enhanced educational resources for pediatricians and

other primary healthcare professionals (and students) regarding the increasing number of
rare conditions that are potentially NBS-identifiable with genomic technologies will be es-
sential to reduce incorrect assumptions of false-positive results and minimize the expressed
negative impact when a presumptive diagnosis is initially communicated to families. In
addition, there is a need to educate healthcare professionals about the screening to the
diagnostic process and address incorrect assumptions about screening and confirmatory
testing, including realistic expectations of repeat screening and the speed of results. This
in turn may help alter the experience of losing trust in the healthcare system while on
their diagnostic odyssey and beyond, including understanding their child’s condition and
seeking treatment.
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Readily accessible and appropriately vetted educational resources for families re-
garding rare conditions that are potentially NBS identifiable with genomic technologies is
an imperative to minimize the expressed negative impact when a presumptive diagnosis is
communicated to families and thus help alter the experience on their diagnostic odyssey.
We recommend provisions of responsibly vetted educational resources, including a general
web link to help families locate IRB-approved government registered clinical trials and
designated centers of excellence and/or clinical researchers recognized to have expertise in
this specialized space.

Empowerment programs that help family caregivers build capabilities to advocate
for the child, both in terms of treatment and intervention, but also to improve quality of
life. Caregivers will take on the role of patient advocate for the child, and thus building
communication and advocacy skills, along with literacy, early in the caregiving career
will help caregivers interface with the healthcare system and improve treatment and care
provided to the child. Due to the range of experiences, baseline literacy, and time constraints
that caregivers have, it is imperative that these programs be developed and implemented
through an equity and access lens.

Training in the principles and practice of patient-centered communication [48–50]
for providers, which has long been identified as a fundamental physician competency.
Components of patient-centered communication include (1) responding to emotions; (2)
managing uncertainty; (3) enabling disease- and treatment-related behaviors; (4) exchang-
ing information; (5) shared decision making; and (6) fostering healing relationships [51].
Improved patient–provider communication can help to build trust, and in turn, reinforce
caregivers’ capabilities to advocate and care for the child.

Ease of access to multi-disciplinary specialists, both in person and virtual/remote, to
help with the diagnostic odyssey and acute and chronic long-term care management, and to
improve more realistic understanding and expectation of the condition as its manifestations
evolve. Equitable access to specialist care and advice may have a positive impact not only
on the child’s health but may also help families adjust to shifting ‘new normal’ and plans
for the future.

4.2. Domain 2. Psychosocial Implications of a Child Diagnosed with NBS-Related Condition

The affordable and accessible provision of continuous, long-term counseling re-

sources (genetic counseling, psychology, social work) for families to support, better under-
stand, and cope with the diagnostic odyssey continuum and the evolution of the child’s
condition as increasing numbers of rare disorders become NBS identifiable with genomic
technologies. These resources will be essential to minimize the expressed negative impact
when a presumptive diagnosis is communicated to families and play an integral role to
assuage the experience of adjusting to the “whirlwind” of their child’s condition and the
evolving caregiver roles during the diagnostic odyssey continuum.

Accessible patient navigator resources and complex care programs with transition

services for families who have children with rare conditions that are potentially NBS
identifiable using genomic technologies. This is imperative to minimize the expressed
negative impact of attempting to navigate healthcare systems and manage conditions after
a presumptive diagnosis is communicated to families and thus help alter the experience
beyond the initial diagnostic odyssey.

Peer support programs, including mentoring programs facilitated by clinicians trained
in psychosocial services, that connect families with shared experiences. Such programs
provide an opportunity for caregivers whose children have relatively similar needs and/or
prognoses to learn from each other and foster support for each other as they navigate
psychosocial challenges related to the uncertainty surrounding the child’s diagnosis, disease
course, and potential therapeutics [52].

Keeping in mind the two domains described here, it is important to consider that
they are intertwined. With a lens towards ethical tenets of non-maleficence, beneficence,
autonomy, and justice/fairness [53] for the family as well as the infant/child, this data
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from psychosocial research offers considerations that emphasize respecting key stakeholder
informed decision making and empathically managing expectations related to prognostic
certainty, outcome, quality of life, and care. Central to these considerations is an ethical
framework grounded in the harm principle [35] and the best interests of the child [33,34].
Care team interactions can be sources of stress and strain for caregivers, thereby impacting
caregivers’ psychosocial well-being and the well-being of the child. Thus, identifying and
implementing best practices to help families navigate the healthcare system can alleviate
some of the associated strain. Provider interactions that are empathic and bi-directional
exchanges provide an opportunity for open communications such that healthcare providers
and caregivers can learn from each other and be equal partners in care decisions for the child.
For example, providers who are empathically direct about the assumptions underlying
diagnostic testing and the length of the diagnostic odyssey help families gain knowledge
and understanding about the process. Moreover, caregivers who feel comfortable openly
discussing their concerns and experiences can educate providers to fully appreciate what it
means to care for a child with a rare condition.

Fundamentally, such practices demonstrate respect for persons, a key characteristic
of the principle of autonomy, and shared decision making, particularly when children
are involved [25]. These ethical considerations can, and should, be addressed through
the provision of improved education, communication, support, and equitable access from
before the screening process to the initial diagnostic label to evolving symptomatology,
care, treatment, and future planning for all involved. “So long as the child is part of a viable
family, his [sic] own interests are merged with those of the other members” [33]. With this
acknowledgment, the voices of family caregivers in this study resonate and deserve to
be heard, with strategies implemented to address their concerns as genomic expansion
evolves within population-based NBS. To do less is ethically unjustifiable.

5. Limitations

As the promise of genomic integration into NBS becomes realized, it is important to
consider the experiences of caregivers in informing best practices for translation into a
population-based screening program, and future research should include a more broadly
diverse group of caregivers than the scope this study could offer. Here, we provide rec-
ommendations that stem from the narratives provided by caregivers of children with
NBS-related conditions. Importantly, those who provided their perspective through in-
depth qualitative interviews were referred to this research through ongoing natural history
protocols at the National Institutes of Health and through related advocacy groups. Partic-
ipants largely identified as non-Hispanic and White and had completed post-secondary
education. The majority of children receiving care were diagnosed with a number of
inborn metabolic disorders. Thus, the results herein should be interpreted with this in
mind and may not be generalizable to the rare disease community as a whole or to the
general population for which NBS as a public health measure serves. Despite this, these
findings are based on a large sample, and caregivers provided rich narratives regarding
their journey through the diagnostic odyssey continuum with themes that other caregivers
have expressed, and others may experience. Finally, the scope of ethical considerations
and NBS details considered here were purposefully limited in accordance with this Special
Issue’s aim to minimize redundancy of the ethical-psychosocial aspects raised and the
associated scholarship presented within this collection.

6. Conclusions

The promise of expanding population-based newborn screening to include ever more
increasing degrees of molecular sequencing may be realized in the near future. For some,
these new technologies may shorten the diagnostic odyssey and may lessen the diagnos-
tic odyssey continuum, whereas for others there may be a lengthier diagnostic odyssey
continuum due to greater identification of conditions that may never manifest as disease.
However, in either case, greater integration of genomics into public health NBS programs
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will likely not change most of the experiences reported herein without multi-faceted efforts
to seriously address these challenges and the ethical considerations raised.
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Abstract: Our objective was to develop and test a new approach to obtaining parental policy guidance
about disclosure of incidental findings of newborn screening for cystic fibrosis (CF), including
heterozygote carrier status and the conditions known as CFTR-related metabolic syndrome (CRMS)
and/or cystic fibrosis screen positive inconclusive diagnosis, CFSPID. The participants were parents
of infants up to 6 months old recruited from maternity hospitals/clinics, parent education classes
and stores selling baby products. Data were collected using an anonymous, one-time Internet-
based survey. The survey introduced two scenarios using novel, animated videos. Parents were
asked to rank three potential disclosure policies—Fully Informed, Parents Decide, and Withholding
Information. Regarding disclosure of information about Mild X (analogous to CRMS/CFSPID),
57% of respondents ranked Parents Decide as their top choice, while another 41% ranked the Fully
Informed policy first. Similarly, when considering disclosure of information about Disease X (CF)
carrier status, 50% and 43% gave top rankings to the Fully Informed and Parents Decide policies,
respectively. Less than 8% ranked the Withholding Information policy first in either scenario. Data
from value comparisons suggested that parents believed knowing everything was very important
even if they became distressed. Likewise, parents preferred autonomy even if they became distressed.
However, when there might not be enough time to learn everything, parents showed a slight
preference for deferring decision-making. Because most parents strongly preferred the policies of full
disclosure or making the decision, rather than the withholding option for NBS results, these results
can inform disclosure policies in NBS programs, especially as next-generation sequencing increases
incidental findings.

Keywords: cystic fibrosis; incidental findings; CFTR-related metabolic syndrome; cystic fibrosis
screen positive inconclusive diagnosis; newborn screening; next generation sequencing; policy

1. Introduction

1.1. Cystic Fibrosis Newborn Screening

Cystic fibrosis (CF) newborn screening (NBS) has been performed in the United States
for over 30 years [1], and in some European regions such as Veneto, Italy for almost
50 years [2]. The protocols have changed over time, especially during the past decade
with nationwide programs underway [3,4]. The original protocols used a first tier of
immunoreactive trypsinogen (IRT) analysis followed by a second IRT [5], and later a
DNA-based test was introduced for the p.Phe508del (F508del) variant of the cystic fibrosis
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transmembrane conductance regulator (CFTR) gene [6]. Subsequently, the DNA tier was
expanded to between 23 and 372 pathogenic variants [7–9]. When a single CFTR variant
is detected in the DNA tier, sweat testing is essential because in up to 10% of such cases
a second, undetected CFTR variant may be present to cause the disease [6]. NBS also
produces incidental findings (IFs), namely detection of more babies who are heterozygote
carriers [8–10], and others have a condition known as CFTR-related metabolic syndrome
(CRMS) or CF screen positive, inconclusive diagnosis (CFSPID) [11,12]. Many IFs lack
significance for the child’s health and may lead to misconceptions, emotional complications,
and biomedical risks because of unnecessary tests or treatments [13,14]. NBS policy has
been crafted by public health experts and sometimes informed by bioethics commentary,
surveys of parents, and advocacy by laboratory methodologists [1,15–17]. Many variations
in CF NBS algorithms have resulted from these efforts [3], rarely with input by parents.

1.2. Next Generation Sequencing in Newborn Screening

Next-generation sequencing (NGS) technologies [8,9] are now available and will help
to increase NBS sensitivity, i.e., the percentage of CF cases identified. However, NGS
also produces more IFs. Thus, the application of NGS may lead to more psychosocial
complications. NBS programs are looking for ways to mitigate harm as they increase the
benefits through NGS.

Thus, the pivotal introduction of NGS with its unprecedented technology has rein-
vigorated the longstanding debate about whether NBS programs should notify parents
about IFs, given that the risk/benefit ratio is uncertain [14,18]. CF carrier status and
CRMS/CFSPID are unlike most NBS results as they do not require immediate medical
attention, although these conditions are often disclosed with counseling in the neonatal
period. However, some programs do not ensure that IFs are disclosed. In fact, at least
one country (Norway) by law does not reveal CFTR carrier status discovered through
NBS [4]. In the USA, many IF results are returned to the primary care provider who may
lack sufficient time, knowledge or counseling skill [19,20], and may not even know the
family because of inaccurate or insufficient labeling of dried blood spot specimens [21,22].
Therefore, parents can become anxious or confused about the implications of the results, as
has been noted after NBS and other community screening programs [23,24]. Infants with
CRMS/CFSPID may also have had biomedical complications of tests or treatments, which
might have been unnecessary [11,12]. Since NGS and the increased number of IFs may
cause a change in the balance of risks and benefits of NBS, it is important to re-examine
policies and responsibilities for reporting results.

1.3. Policy Options for Disclosure

After reviewing the limited literature on this topic, we decided that it would be
important to obtain fresh perspectives from new parents about potential policies. We were
aware of three potential policy options for communicating IFs, namely Fully Informed,
Withhold Information, and Parents Decide (see descriptions in Table 1). We sought to
develop a survey instrument to gather parents’ policy advice about two research questions:
(1) how should NBS programs communicate with parents about single-variant NBS results
that are consistent with being a carrier?; (2) how should NBS programs communicate with
parents about one or two mutations consistent with a mild version of the screened disease,
which has minor health significance compared to the full disease (e.g., CRMS/CFSPID)?
Our hypotheses were based on three decades of NBS follow-up experience and especially
our recent studies [21,23–26], suggesting parents would wish to know about IFs even if the
information was complex and potentially stressful and even if the condition was mild.
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Table 1. Disclosure Policy Definitions and Associated Advantages, Disadvantages, and Added Values.

Policy Definition Advantages (Benefits) Disadvantages Added Value a

Fully Informed
Incidental findings
always disclosed
to parents

No information is
withheld from parents

Requires more time that
could be devoted to other
health care needs
Potential for confusion,
misconceptions,
emotional stress

Being fully informed

Withholding
Information

Incidental findings
with very minimal or
no risk to health are
withheld from parents

Reduces parental
confusion and risk of
emotional problems

Parents not consulted
about information that is
part of them and
their family

Reducing emotional stress

Parents Decide

Parents are counseled
just prior to results
communication, and
then make a decision
about how much
information to receive
about incidental
genetic findings

Parents are in control of
the screening results
that affect their baby
and can determine if
they want full details if
they are willing to risk
emotional distress

Requires more time that
could be devoted to other
health care needs
Curiosity may lead to the
parents asking questions
about details they don’t
actually want or need
to know

Autonomy is preserved
(freedom of choice) b

a Values associated with policies were not directly presented to participants. b Preserving the principle of
autonomy is ethically sound.

2. Materials and Methods

2.1. Design

The study used an anonymous online survey that contained three animated video
clips, each of which explained some background information necessary for understanding
the questions. The survey was hosted by Qualtrics (Provo, Utah and Seattle, Washington,
DC, USA). Participants could complete the survey using a computer, smartphone, or iPad
with Internet access. IRB approval was obtained from Aurora Health Care in Milwaukee,
Wisconsin, the University of Wisconsin School of Medicine and Public Health, and Meriter
Hospital in Madison Wisconsin. Parents were recruited to take the survey predominantly
in Madison, after an initial effort had limited success in Milwaukee. Consent was obtained
online from each participant before they began the survey.

2.2. Methodologic Elements to Support the Objectives

To increase the utility of the study for policy making, we included several innovations
in the design. These resulted from sequential quality improvement efforts to create a
user-friendly, unbiased survey of parental opinions during the first six postpartum months.

2.2.1. Embedded Explanatory Videos

Preference and opinion surveys often present several sentences of background infor-
mation to read before asking questions. During our survey instrument’s development,
we became concerned about the amount of text that would be needed before asking key
questions. We therefore created three animated video clips embedded between sections of
the survey (Figures 1–3). The videos featured an animated character, Nurse Maria, who
explained the basics of NBS and presented different scenarios for disclosure of NBS results.
The videos were scripted in stages to support a careful order of survey questions, as de-
scribed below. Each video lasted about 5 min. The language was assessed and determined
to be appropriate for those with an eighth-grade education.
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Figure 1. Still Image from the introductory video featuring “Nurse Maria” and explaining. the
process and benefits of newborn screening Full video available at https://www.youtube.com/watch?
v=2qeBX0FDp_I&t=3s [last accessed on 25 July 2022].

Figure 2. Still Image from the second video depicting symptoms of “Mild X” (analogous to
CRMS/CFSPID). Full video available at https://www.youtube.com/watch?v=3HiFPywnCb0 [last
accessed on 25 July 2022].
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Figure 3. Still image from the third video detailing the meaning of carrier status. for “Disease
X”. Full video available at https://www.youtube.com/watch?v=Y572EiX_hWY [last accessed on
25 July 2022].

The video’s script and graphics were drafted and vetted with a variety of parents
and NBS educators so that they would be accessible to participants regardless of prior
education and medical experience. The animations were revised and pilot tested before
routine use in this study. All videos were uploaded to YouTube for embedding within the
Qualtrics webtool. To our knowledge, this is the first time an Internet-based educational
video has been used in an NBS-related survey.

2.2.2. Substitution of a Generic Disease X instead of CF

Our experience with previous surveys suggested that community respondents would
have varied knowledge about CF, and we grew concerned that this heterogeneity might
have an unpredictable influence on summarizing analyses. We therefore substituted for CF
a fictitious “Disease X” with symptoms and implications that are very similar to CF. We
also felt that the Disease X substitution would be useful for generalizing the study to other
genetic conditions included on NBS panels. We developed explanations for autosomal
recessive carrier status for Disease X and also created an analog for CRMS/CFSPID called
“Mild X”.

2.2.3. Vignettes and Complementary Modes for Preference Questions

We considered a variety of approaches to the vignettes and questions and settled
on a method from experimental psychology called an imagination exercise, in which
respondents would be presented with a vignette and asked to imagine themselves in the
position of a character in the story. The first vignette asked the respondent to imagine that
at the same time her/his baby was born, a best friend named Tonya had a baby (Natalie)
who was diagnosed with Mild X. Tonya conveys to the respondent all the information
about Disease X and Mild X, and then the Nurse Maria character explains about the three
policies in Table 1. After the video, the parents were asked to rank the three policies in
relation to this scenario. Policies had to be ranked in different positions (first, second, third),
but parents were given the option to leave policies unranked.
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Next, the respondents were asked “Do you think MOST parents would share your
opinion about the policies?” and given two options; “Yes, I think more than half of all
parents would share my opinion” and “No, I think that one of the other two policies would
be better for most parents (you will be asked which policy in the next question)”. Respondents
who selected the latter choice were given the policies again and asked “Which policy do
you think would be best for most parents of infants with a Mild X result?”

The second vignette reprised the Tonya and Natalie story, but with Natalie diagnosed
with genetic carrier status for Disease X, and Nurse Maria explaining carrier status using
an animated Punnett square. After the video, respondents were given the same ranking
task for placing themselves in Tonya’s position and whether more than half of all parents
would share their opinion, and if not then another ranking task for “most parents”. After
respondents were asked about their own preferences and their opinions about “most
parents”, we used three slider questions to compare how important different values were
to each other such as autonomy compared with deferring to a clinician expert.

2.3. Sample and Recruitment

Eligible participants were parents of infants up to six months of age regardless of
medical history. Fluency in English was required. The study began with a plan to recruit
two samples of parents in the state of Wisconsin, beginning with one phase in Milwaukee
and then proceeding to another in Madison. The Milwaukee recruiting strategy used fliers
at a maternity hospital and clinics that served a poor urban population that is mostly
African American. However, due to limited resources for recruiting, the Milwaukee phase
served primarily as a pilot testing effort while resulting in six respondents. The Madison
phase used recruiting fliers distributed in person at a popular store selling products for
infants and at parent education classes located at a hospital with a large and diverse
obstetrical population. Participants were told that the survey would take approximately
20 min to complete. As a gratuity for participation, respondents were offered a $10 retail
gift card. The contact information for sending the gift card was obtained in a separate
survey that was not linked to the subjects’ responses on the survey questions.

2.4. Data Management and Statistical Analyses

During the final analyses, descriptive statistics were derived for both parent and
child characteristics and frequency information from items evaluating experience with
NBS. The proportion of parents ranking each policy first, second, and third was obtained
separately for the Mild X and Disease X carrier status scenarios and was reported with
Wilson 95% confidence intervals. Descriptive statistics were reported for the continuous
value comparison variables and one-way ANOVA was used to evaluate differences in value
scores between parents who ranked the Fully Informed, Withhold, and Parents Decide
policies first. Statistical significance was determined using two-tailed tests with α = 0.05.
All data were analyzed using JMP software (SAS Institute, Cary, NC, USA).

3. Results

3.1. Sample Characteristics

A total of 213 surveys were started, including 11 in the Milwaukee phase and 202
in the Madison phase. Of those, 35% (4 and 81, respectively) were excluded because the
participant stopped early, or generated a response that was too incomplete for analysis, or
completed the survey in under 1000 s, suggesting that the subject didn’t watch the entire
duration of the video clips. Although these responses contributed some information, we
decided as a stringent quality control requirement to accept only complete responses. The
final sample included 128 respondents (60.1% of surveys begun). The median duration
for the included surveys was 1406 s (IQR = 1007 s), not counting four outliers who left the
survey open for more than 30,000 s.

The mother was the respondent in 81.3% of surveys. The median respondent age
was 33, while the median infant age was 2 months. Further descriptive data are shown in
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Table 2. In general, this was a well-educated sample of white married women. However,
their knowledge about NBS was limited; 20% of respondents knew nothing or very little
about NBS, despite their infant having been screened only a few months before, and 66%
wished that they had known more. Thus, information on NBS policy options was new to
this group, which we considered an advantage in this survey.

Table 2. Sample Characteristics for 128 Respondents.

Characteristic N (%)

Married or stable relationship 123 (96.1)
First-time parent 93 (72.7)

Infant born >2 weeks before due date 19 (14.8)
NICU stay >2 days 11 (8.6)

Race and/or ethnicity of respondent
White 112 (87.5)

Non-White 11 (8.6)
Missing response 5 (3.9)

Education
High school 11 (9)

Undergraduate degree 62 (48.4)
Postgraduate degree 52 (40.6)

Missing response 3 (2.3)
Health literacy (need help reading . . . )

never 86 (67.2)
rarely 28 (21.9)

sometimes 8 (6.3)
often 1 (0.8)

always 1 (0.8)
not answered 4 (3.1)

3.2. Reaction to Animated Video Survey Format

Reactions to the Nurse Maria videos were favorable among those who finished the
survey, with 92% of respondents agreeing or strongly agreeing that they liked the videos,
and 98% agreeing or strongly agreeing that the “videos explained things in a way that was
easy to understand”. Similarly, 98% agreed or strongly agreed that “the videos were better
than reading several long paragraphs”. In view of the well-educated nature of the sample,
these responses are a significant finding of this study.

3.3. Disclosure Preferences

Parents’ rankings of NBS disclosure policies were analyzed separately for both the
Mild X and Carrier X scenarios, and for each of two questions: “If you had been in (the
vignette), which of the three policies would you have preferred for yourself and your
baby?” and “What do you think would be best for most parents of infants with (condition
in the vignette)?” The proportion of respondent rankings for these four analyses are shown
in Figure 4 where the top-ranked policies are compared (error bars are Wilson confidence
intervals). As seen in Figure 4, the Withholding Information policy was obviously less
popular than the other two policies. It was more challenging to compare the Fully Informed
and Parents Decide policies, but there appeared to be a marginal trend favoring Parent
Decide. Several other analyses shed additional light on this situation.

As shown in Figure 4, respondents began by describing what they would have wanted
in the Mild X vignette for themselves and their infants. The next three vignettes allowed us
to investigate how respondents changed their preferences in different situations. Between
10–25% of parents changed a preference when asked about the Carrier X vignette, or when
opining about what would be best for other parents. Five parents (4.2%) who began with
a Fully Informed or Parents Decide preference for Mild X answered that Withholding
Information would be better for other parents. Nine parents (7.6%) who began with Fully
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Informed or Parents Decide for Mild X answered that Withholding Information would be
better for themselves in the Carrier X vignette.

Figure 4. Rankings of disclosure policies for Mild X and Disease X carrier status. Results shown
are from respondents asked to rank their preferences for disclosure of policy options that could be
implemented by caregivers for either a Mild X condition analogous to CRMS/CFSPID or Disease X
like CF. The intent of this exercise was to learn what parents preferred and what they were opposed
to as well: clearly, the Withholding Information policy option.

Respondents’ preferences for the individual policies are compared with the data in
Table 2 and other variables obtained through the survey. Respondents who had reported
being the primary caregiver for the baby were more likely to vote for the Parents Decide
policy (p = 0.006, Wilcoxon) or full disclosure policy (p = 0.035, Wilcoxon). Respondents
with newer infants were less likely to vote in favor of the Parents Decide policy (r = −0.19,
p < 0.035). A vote in favor of the Withholding Information policy was less likely for parents
who recalled being told about the NBS result.

3.4. Value Comparison

Table 3 and Figure 5 depict the three value comparison questions with the latter
showing the median (interquartile range) responses for the sample indicated. When com-
paring the importance of being Fully Informed to reducing emotional distress (Comparison
A), parents gave preference to autonomy at the risk of becoming unnecessarily alarmed
(Figure 5A). Likewise, when weighing the importance of autonomy in decision-making ver-
sus reducing emotional distress (Comparison B), parents preferred the statement consistent
with autonomy (Figure 5B). However, when choosing between autonomous decision-
making without all pertinent details or allowing someone who is knowledgeable to make
decisions (Comparison C), parents showed a slight preference for deferring to someone
who knows all necessary information (Figure 5C).

We also explored value scores based on which policy parents ranked first for the Mild
X and Disease X carrier status scenarios. All ANOVA results showed significant differences
in mean value scores between first-rank policy groups except for Comparison C value
scores between first-rank policy groups for Disease X carrier status. For Comparison A
(comparing the importance of being fully informed to reducing emotional distress), parents
who ranked the Fully Informed policy first most strongly favored being fully informed,
followed by those who ranked the Parents Decide policy first, and finally by those who
ranked the withhold option first. This pattern was present for first-rank policy groups
from both the Mild X and Disease X carrier scenarios. For Mild X, all Hochberg’s GT2
post-hoc tests were significant except the Withholding and Parents Decide groupings for
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Mild X. Similarly, in Comparison B (comparing the importance of autonomy in decision-
making versus reducing emotional distress), parents who gave the Fully Informed policy a
first-place ranking most strongly favored autonomy, followed by those who ranked the
Parents Decide policy first, and finally by those who ranked the withhold policy first. For
Disease X carrier status, all Hochberg’s GT2 post-hoc tests were significant except the Fully
Informed and Parents Decide groupings. Compared to those who favored Fully Informed
and Parents Decide, parents who ranked Withholding Information first in either scenario
had average value scores closest to the withholding statement in Comparisons A and B.
Even so, the Withholding Information group averages did not reflect a strong affinity for the
withholding statement and tended to indicate a neutral attitude or even slight preference
for the opposing statement. Regarding Comparison C (choosing between autonomous
decision-making without all pertinent details or allowing someone who is knowledgeable
to make decisions), the average value scores for all groups were near the midpoint, with
the exception of the Parents Decide groups that slightly favored deferring decision-making
to someone else. There were no significant differences in Comparison C value scores for
Mild X first-rank policy groups.

Table 3. Value Score Results for First-rank Policy Groups.

First-Rank Policy Group p-Value *

Fully Informed Withholding Information Parents Decide

Comparison A (comparing the
importance of being fully

informed to reducing distress)
Mild X scenario
mean (std. dev.) 0.28 (0.33) 0.76 (0.78) 0.58 (0.44) <0.001 *

median (IRQ) 0.17 (0.42) 0.73 (1.55) 0.48 (0.52)
Disease X carrier status scenario

mean (std. dev.) 0.32 (0.38) 0.96 (0.61) 0.55 (0.38) <0.001 *
median (IRQ) 0.19 (0.40) 1.0 (0.92) 0.47 (0.44)

Comparison B (comparing the
importance of autonomy in

decision-making versus
reducing emotional distress)

Mild X scenario
mean (std. dev.) 1.61 (0.50) 0.76 (0.74) 1.37 (0.46) <0.001 *

median (IRQ) 1.76 (0.63) 0.58 (1.10) 1.40 (0.61)
Disease X carrier status scenario

mean (std. dev.) 1.51 (0.56) 1.03 (0.40) 1.45 (0.43) 0.015 *
median (IRQ) 1.69 (0.71) 1.05 (0.66) 1.46 (0.58)
Comparison C

(comparing autonomous
Decision-making without all
details to allowing experts to

make decisions)
Mild X scenario
mean (std. dev.) 0.97 (0.62) 0.95 (0.83) 1.27 (0.51) 0.008 *

median (IRQ) 1.01 (1.00) 1.01 (1.60) 1.33 (0.61)
Disease X carrier status scenario

mean (std. dev.) 1.04 (0.61) 1.08 (0.61) 1.25 (0.54) 0.092
median (IRQ) 1.13 (1.01) 1.23 (0.92) 1.33 (0.65)

* One-way ANOVA.
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Figure 5. Comparisons of values associated with Fully Informed (A), Parents Decide (B), and
Withholding policies (C). Results from parents given value comparison questions to express their
views about the importance of the three policy options that may be associated with stress. Values are
as described in Figure 3.

4. Discussion

There are three main options for policy regarding informing parents about IFs after
newborn screening (Table 1), each with its advantages/benefits, disadvantages, and po-
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tential value for society. It is ideal for screening policy decisions to incorporate parental
perceptions, but the literature provides a mixture of views, along with varying designs
and sample populations [15,25–34]. This study examined preferences for disclosure of NBS
results among generally well-educated parents who recently experienced the NBS process,
thus seeking their policy preferences in an ideal timeframe when NBS might be fresh in
their minds.

In this sample, the policy of withholding IFs (for the purpose of reducing unnecessary
distress) was unpopular for both scenarios, although this strategy is often advocated
for among clinicians. Applying this policy in NBS as in Norway [4] can be challenged,
particularly when there are benefits to knowing your genetic status [23].

In reaction to videos describing a Mild X condition analogous to CRMS/CFSPID,
many parents favored policies that kept them fully informed or allowed them to determine
whether to receive IFs. This confirms the wisdom of clinical practice recommendations
that encourage full disclosure about this condition and the importance of longitudinal
follow-up evaluations [11,12,35]. Although incidental findings related to CF were the focus
of this study, the generic nature of the video contents might allow these preferences to be
informative for disclosure of NBS results beyond CF. If further supported by future study
and commentary, the onus would be on NBS programs and their funding providers to
mitigate harm following disclosure.

Distinguishing parents’ preferences between the Fully Informed and Parents Decide
policies is challenging. In the case of Mild X, more parents ranked the Parents Decide policy
option first than ranked the Fully Informed policy first, but for Disease X carrier status,
the Fully Informed option was slightly more popular than the Parents Decide policy as a
top choice. This may mean that parents believe universal disclosure is less critical for Mild
X (CRMS/CFSPID) than for Disease X/CF carrier status, but further study is warranted
before such a conclusion could be made. However, the notion that parents may have
different preferences for different categories of incidental findings raises the possibility of
hybrid policies where certain results are always disclosed, and others are optional.

The value comparison results were largely consistent with policy preferences; parents
favored autonomy and being fully informed at the risk of experiencing emotional distress.
While we did not probe participants about why they were willing to endure distress,
others have reported a sense of obligation or duty among parents in similar situations [31].
Interestingly, even the small number of parents who ranked the Withholding Information
policy first did not strongly endorse the withhold statements in value comparison questions.
This suggests that perhaps those who favor the withhold policy have high regard for
being fully informed and maintaining autonomy but are influenced by other factors to
choose the Withholding Information option. Given concerns about the capacity of NBS
programs and practitioners to prepare parents to make informed decisions about IFs, we
gave special attention to time and resource limitations in value comparison C. Statements
in this comparison were written to reflect the possibility that there may not be time to
teach parents all relevant information before a health decision needs to be made. On
one end, parents could choose to maintain autonomy without all pertinent details, and
on the other end, they could defer the health decision to someone who knows all the
details. After favoring autonomy in Comparison B, this sample was more inclined to defer
decision-making in Comparison C, indicating that knowledge, rather than personal control
alone, was important to them. This is a positive indication that parents will understand the
difficulties inherent to teaching/learning about IFs as the era of NGS evolves. Although
one might argue that parents should not be the sole determinants of the child’s interest
in learning about IFs, practical considerations have led to the parent-child dyad as being
responsible for this information transfer. In fact, counseling resource limitations make it
difficult to engage professional experts in this aspect of NBS follow up communications.

Our study was successful in employing a novel video survey design to deliver complex
genetic and clinical information to the public. Thus, it adds to the previous NBS-related
research on parental preferences by providing survey methodology that is more user-
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friendly than reading “several long paragraphs”. Nearly all parents found the contents
understandable and more engaging than a conventional written survey format. Although
technical expertise is required for video design and creation, this model should be consid-
ered for future studies with non-medical populations and perhaps for parent education
in association with NBS rather than the traditional brochures. In connection with this, the
first video that can be accessed through Figure 1 provides a succinct, 2-min explanation of
all aspects of the NBS process.

A limitation of this study is the use of a convenience sample made up mostly of
American mothers from a single community that selects for those willing and able to attend
a voluntary class in the middle of the day. The sample was disproportionately white,
well-educated, and married, all of which limit the generalizability of our results. The
homogeneity of the sample was identified during preliminary analyses, after which the
research team explored adding more recruitment sites that traditionally serve low-income
and minority populations, such as public health departments administering the Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC). Unfortunately,
we were unable to secure new collaborations. Past research on adults regarding their
desire to learn about IFs discovered in genetic testing, including carrier status, has found
little association between sociodemographic and literacy factors and preference for dis-
closure [32–34]. Therefore, our results may be similar with a more diverse population,
although this remains a topic for further study.

Despite these limitations in generalizability, our study extends previous observations
about parental preferences [15,26–30] by its comparison of reactions to information disclo-
sure about a potentially severe disease such as CF (Disease X) with a mild condition such
as CRMS/CFSPID, and by incorporating three policy options into the survey, in addition to
contributing a user-friendly video survey option to the range of methodologies available.
Although there was less interest in the Parents Decide disclosure option with Disease X,
the respondents clearly were opposed to withholding information on carrier status, even
if the condition is mild. Policymakers need to keep this in mind as NGS-based screening
expands, requiring both ethical [18,23] and practical issues [17] need to be addressed. Thus,
another implication of our study is that valuable parental input can be obtained about
policy options with user-friendly, efficient methods prior to widespread implementation of
NGS. Although some may argue that parental input should not be considered in formulat-
ing disclosure policies about IFs from screening tests, people participating in healthcare
systems have a right to be engaged in the sharing of health-related, relevant knowledge,
and NBS is a hybrid of public health and healthcare. The strong preference for autonomy
that was identified in this survey underscores the importance of that ethical principle.
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Abstract: Dried blood spot (DBS) cards from newborn screening (NBS) programs represent a wealth
of biological data. They can be stored easily for a long time, have the potential to support medical and
public health research, and have secondary usages such as quality assurance and forensics, making it
the ideal candidate for bio-banking. However, worldwide policies vary with regard to the duration
of storage of DBS cards and how it can be used. Recent advances in genomics have also made it
possible to perform extended genetic testing on DBS cards in the newborn period to diagnose both
actionable and non-actionable childhood and adult diseases. Both storage and secondary uses of
DBS cards raise many ethical, clinical, and social questions. The openness of the key stakeholders,
namely, parents and healthcare providers (HCPs), to store the DBS cards, and for what duration
and purposes, and to extended genetic testing is largely dependent on local cultural–social-specific
factors. The study objective is to assess the parents’ and HCPs’ awareness and receptivity toward DBS
retention, its secondary usage, and extended genetic testing. A cross-sectional, self-administrated
survey was adopted at three hospitals, out of which two were public hospitals with maternity services,
between June and December 2022. In total, 452 parents and 107 HCPs completed and returned the
survey. Overall, both HCPs and parents were largely knowledgeable about the potential benefits
of DBS card storage for a prolonged period and its secondary uses, and they supported extended
genetic testing. Knowledge gaps were found in respondents with a lower education level who
did not know that a DBS card could be stored for an extended period (p < 0.001), could support
scientific research (p = 0.033), and could aid public health research, and future policy implementation
(p = 0.030). Main concerns with regard to DBS card storage related to potential privacy breaches and
anonymity (Parents 70%, HCPs 60%). More parents, compared to HCPs, believed that storing DBS
cards for secondary research does not lead to a reciprocal benefit to the child (p < 0.005). Regarding
extended genetic testing, both groups were receptive and wanted to know about actionable childhood-
and adult-onset diseases. More parents (four-fifths) rather than HCPs (three-fifths) were interested in
learning about a variant with unknown significance (p < 0.001). Our findings report positive support
from both parents and HCPs toward the extended retention of DBS cards for secondary usage and
for extended genetic testing. However, more efforts to raise awareness need to be undertaken in
addition to addressing the ethical concerns of both parents and HCPs to pave the way forward
toward policy-making for DBS bio-banking and extended genetic testing in Hong Kong.
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1. Introduction

The advances in high-resolution tandem mass spectrometry in the 1990s led to a
paradigm shift in expanded newborn screening (NBS) based on dried blood spot (DBS)
cards [1]. Currently, NBS using a heel prick test, collecting a few drops of blood from
the baby’s heel on filter paper, is widely available in many regions and countries [2]. The
residual DBS cards can be stored for long periods, and storing these materials represents
a wealth of biological data. It offers an excellent opportunity for secondary analytic
uses to improve current screening programs, facilitate laboratories’ quality control and
assurance, forensics, and expand biomedical research [3–6]. Studies have also shown
that dried bloodspots can also aid disease treatment via early detection of genetic and
infectious diseases. DNA is stable in DBS for prolonged periods, making it the ideal
candidate to aid early diagnosis of genetic conditions using expanded genetic screening.
Studies have shown that DBS cards can aid the diagnosis of congenital cytomegalovirus
and neonatal herpes simplex virus infection. Other potential maternally transmissible
conditions that could be diagnosed using DBS cards include HIV, Hepatitis B, and C.
In utero exposure to potentially toxic environmental agents such as lead, mercury, and
dichlorodiphenyldichloroethylene (DDE) are also measurable on DBS cards and could aid
diagnosis and etiologic studies of birth defects and developmental disabilities in relation to
environmental agent epidemiology [7–9].

Storing DBS cards for secondary usage raises clinical, ethical, and social considerations.
The most frequently discussed concern is informed consent. A pre-requisite for informed
consent is knowledge. Locally, Mak et al. have shown that parents have a deficient
knowledge of DBS cards and NBS programs [10]. Van Teeffelen et al. have shown that
81.8% of parents were unaware of the DBS card screening, storage, and use policies in the
Netherlands [11]. On the other hand, Tarini et al. showed that parents in the United States
(US) demonstrated high trust and support toward storing DBS cards [12], and they were
willing to give out their child’s DBS cards only if explicit consent was obtained through an
opt-in approach [13–15]. Another significant issue is data privacy breaches. Studies showed
fears about misusing information for purposes that deviate from their original intended
use, driving discrimination by employment, insurance, or medical treatment, inequitable
access to healthcare services, and potential bias against individuals [16,17]. However, some
medical geneticists argued that these are negligible concerns, as most research uses involve
de-identified or anonymized bio-samples [18]. Some evidence suggests that deliberative
consent procedures encourage research participation, helping parents understand the
process and purpose of the secondary use of DBS samples for research and empowering
their need for control over the use of their samples. Other apprehensions about DBS card
storage include unauthorized access to information, unclear research purposes, and the
absence of data management and governance [16,19].

The rapid development of next-generation sequencing is leading to an evolution in
NBS, using DNA material on the DBS card to discover disease genes and diseases at an
early age [20]. This technology can be used as a primary screen, especially for those early-
onset actionable disorders that lack a good biochemical marker or follow-up testing after
an abnormal primary screen. However, on the downside, extended genetic testing can
also provide provisional positive or inconclusive information about an individual’s future
health, which can significantly impact their lives and the lives of their family members.
Studies have shown that although parents were often optimistic about receiving their
child’s health information and felt it would be a parental obligation to ensure a healthy
life, their initial affective responses toward an inconclusive test result were often ones of
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distress, shock, and anxiety, mainly due to their inadequate knowledge of screened-for
conditions and genetics [21,22].

Policies worldwide vary regarding how and when to consent for biospecimen storage
and its secondary uses because of the sensitive information that can be derived from
the DBS card [2]. In Hong Kong, there is a DBS-based opt-in NBS program covering
26 inherited metabolic diseases (IMD) and severe combined immunodeficiency which has
been available to all newborns at all eight public hospitals with maternity services since
2020 and 2021, respectively. Parents are given information about the NBS program in
both the antenatal and postnatal period through the display of videos and distribution of
education pamphlets to help them understand the newborn screening program prior to the
attainment of written consent. In the current framework, DBS samples will be archived for
six months except for quality assurance purposes, and no research purposes will be served.
The optimal policy governing NBS technologies is contextually dependent, and empirical
research on this topic among the general public and medical professionals is limitedly
reported in the local context. The specific study objective is to describe the knowledge,
attitudes, and practices toward the storage and secondary use of DBS, including extended
genetic testing among parents and healthcare providers (HCPs) in Hong Kong.

2. Materials and Methods

2.1. Sampling and Recruitment

A cross-sectional, self-administrated survey was adopted at three hospitals, including
two public hospitals with maternity services, between June and December 2022 (The
survey questionnaires are included in the Supplementary Materials). The study population
comprised parents and HCPs.

Parents were recruited using convenience sampling. They were initially approached
while they attended the pediatric service outpatient clinic at three public hospitals. The
researcher ensured that parents were fully informed about the study. Basic background
information on the concepts of the DBS card and its potential were included in the study
information leaflet during recruitment. After obtaining written consent, they received
a hard copy or an e-copy of the survey. HCPs, including doctors, nurses, dieticians,
laboratory technicians, and those in other fields relating to clinical services, were invited
to participate in the study using snowballing sampling. The study was emailed to every
member of the department. A survey package, including an informed consent form and a
paper questionnaire, was also distributed to the HCPs’ office mailbox. Anyone who was
incompetent in Chinese or English, or refused to consent, was excluded from the study.

The completed survey questionnaires were either submitted online, returned by mail
using a self-addressed stamped envelope, or collected on-site. A reminder was also sent
two weeks after the initial email. No incentives for survey participation were provided.

2.2. Survey Measures

The survey consists of two main themes, along with demographic information. The first
theme aims to gather views on the awareness of NBS for uncommon disorders and assess
knowledge, attitudes, and practices toward the storage of DBS cards. A vignette is provided
to ensure survey respondent has an equal understanding the study context (Box 1).

Box 1. Description of Newborn Screening with Dried Blood Spots Card.

Shortly after the baby infant is born, a health professional will perform a heel prick to collect a
few drops of blood on a special card. The Card will be sent to the laboratory for the screening
of some rare but serious conditions which could be picked up and treated early with benefit the
affected babies in the long run. The information also benefits the paediatric population and other
scientific research.
At present, the card is kept for 6 months after the test has been performed for quality assurance
purposes and will then be discarded. Other countries, the card will be kept longer (a few years or
twenty years or more) for other research purposes.
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The domain of questions includes several key areas:

(1) The source of information, which is evaluated by assessing various sources of knowl-
edge, such as discussions with healthcare professionals, media, leaflets, colleagues,
and online forums.

(2) Knowledge about the potential benefits of storing a DBS card is assessed by presenting
participants with 11 true or false statements. These statements have been developed
based on a thorough review of the NBS literature and position statements. A higher
score indicates a better understanding of the advantages of storing a DBS card.

(3) Attitudes toward DBS card storage are assessed by examining concerns relating
to privacy breaches, data sharing among institutions, linking research information
to medical records, lack of immediate individual benefits, and serving secondary
research purposes. Each item is rated on a 5-point Likert scale, ranging from 0 (not
concerned at all) to 5 (extremely concerned).

(4) Practices are assessed by evaluating participants’ interest in storing their child’s
sample after the NBS on a 1-to-10 Likert scale (1 indicating not supportive, and
10 indicating extremely supportive). Additionally, participants are asked how long
they believe the DBS card should be stored.

The second theme of the study focused on exploring the inclination toward opting
for extended genetic testing after reading the vignette (Box 2). To achieve this, a set of
eight scenarios were presented to parents, inquiring whether they would like to receive
the results of the extended genetic testing for their child. Similarly, HCPs were asked if
they would disclose this information to parents, and both groups responded with a simple
“Yes” or “No”. The study also delved into the factors that influence the interest of parents
and HCPs in extended genetic testing, which were measured using a 5-point Likert scale,
with 1 indicating “not important at all” and 5 indicating “extremely important”. Finally,
the participants were asked to express their level of interest in extended genetic testing,
either for their child or as an offering, on a scale of 1 to 10, where 1 represents no interest at
all, and 10 represents an extremely high level of interest.

Box 2. Description of Extended Genetic Testing.

It is possible to study a person’s entire genome extracted from DBS card. This process is called
extended genetic sequencing. It may give you information about a person’s risk of having different
diseases both in the present and in the future, including childhood diseases such as epilepsy and
adult-onset diseases breast cancer or diabetes.
Imagine that you have a recently born baby. Newborn Screening program now offers you the chance
to get extended genetic sequencing done for your baby. You would receive the results and would
not have to pay for the testing. You can decide whether or not you want the information to be a
part of your child’s medical record.

2.3. Data Analysis

Descriptive statistics were applied. Analyses specifically focused on the differences
between parents and healthcare professionals. Chi-square and t-test were used to compare
these two groups. Statistical significance was considered if the p-value was less than 0.05.
Data were analyzed using SPSS (Version 28; SPSS, Inc., Chicago, IL, USA).

3. Results

3.1. Demographics Characteristics

A total of 452 parents and 107 HCPs completed and returned the survey. Table 1
describes their demographic characteristics. Among 452 parents, the majority were female
(74.3%), Hong Kong Chinese (86.9%), had no religious affiliation (70.4%), had two or more
children (56.2%), and did not work in a healthcare-related industry (90.5%). Around three-
fifths attained post-secondary school education (62.0%), which is similar to the educational
attainment of the general population reported in the 2022 census [23]. Around 62.4% of
respondents earned more than the median monthly household income (HKD 29,100) [24].
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Over 93.8% of respondents were not part of a consanguineous marriage. There were
161 (35.6%) parents who were taking care of a child with a disease, of whom 40 (8.8%)
were suffering from cardiac disease, 21 (4.7%) from hematological disorders, 16 (3.5%) from
respiratory diseases, 15 (3.3%) from neonatal diseases, 14 (3.1%) from endocrine diseases,
9 (2.0%) neurological diseases, and 8 (1.8%) from inherited metabolic diseases.

Table 1. Demographics of survey respondents.

All
Healthcare
Providers

Parents

Chi/t p-Value
(n = 559) (n = 107) (n = 452)

n (%) n (%) n (%)

Age

mean (SD) 36.8 (6.57) 39.39 (10.33) 36.17 (5.18) 3.06 <0.001

Gender ns ns

Female 412 (73.7%) 76 (71%) 336 (74.3%)

Male 147 (26.3%) 31 (29%) 116 (25.7%)

Ethnicity 15.6 <0.001

Hong Kong Chinese 500 (89.5%) 107 (100%) 393 (86.9%)

Mainland Chinese 32 (5.7%) - 32 (7.1%)

Other 27 (4.8%) - 27 (6%)

Religion 31.25 <0.001

None 370 (66.2%) 52 (48.6%) 318 (70.4%)

Christian 111 (19.8%) 39 (36.4%) 72 (15.9%)

Catholic 39 (7.1%) 12 (11.2%) 27 (6%)

Buddhist 26 (4.6%) 4 (3.8%) 22 (4.8%)

Other 13 (2.3%) - 13 (2.9%)

Do you work in a health-care related field?

No - - 409 (90.5%) - -

Yes - - 43 (9.5%) - -

Profession

Doctor - 34 (31.8%) - - -

Nurse - 36 (33.6%) - - -

Laboratory Technician - 5 (4.7%) - - -

Others - 32 (29.9%) - - -
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Table 1. Cont.

All
Healthcare
Providers

Parents

Chi/t p-Value
(n = 559) (n = 107) (n = 452)

n (%) n (%) n (%)

Years of Experience in NBS

Mean (SD) - 5.49 (7.35) -

Highest Education 89.55 <0.001

Upper Secondary or lower 174 (31.1%) 2 (1.9%) 172 (38.0%)

Post-Secondary 78 (14.0%) 3 (2.8%) 75 (16.6%)

Tertiary 197 (35.2%) 47 (43.9%) 150 (33.2%)

Master or above 110 (19.7%) 55 (51.4%) 55 (12.2%)

Family Income 89.55 <0.001

Below HKD 19,999 93 (16.7%) 3 (2.8%) 90 (19.9%)

HKD 20,000–29,999 81 (14.5%) 1 (0.9%) 80 (17.7%)

HKD 30,000–39,999 89 (15.9%) 6 (5.6%) 83 (18.4%)

HKD 40,000–49,999 37 (6.6%) 4 (3.7%) 33 (7.3%)

Above HKD 50,000 259 (46.3%) 93 (87.0%) 166 (36.7%)

Consanguinity

No - - 424 (93.8%) - -

Yes - - 24 (5.3%) - -

Not Sure - - 4 (0.9%) - -

Kid Number

1 - - 198 (43.8%) - -

2 - - 202 (44.7%) - -

3 or above - - 52 (11.5%) - -

Diagnosed Disease

None - - 291 (64.4%) - -

Cardiac Diseases - - 40 (8.8%) - -

Haematology - - 21 (4.7%) - -

Respiratory - - 16 (3.5%) - -

Neonatology - - 15 (3.3%) - -

Endocrine Diseases - - 14 (3.1%) - -

Neurology - - 9 (2.0%) - -

Metabolic Diseases - - 8 (1.8%) - -

Others - - 38 (8.4%) - -

ns = not significant.

Among 107 HCPs, the majority were female (71%), Hong Kong Chinese (100%), had
no religious affiliation (48.6%), and attained post-secondary school education (98.1%).
About one-third were doctors (31.8%) and nurses (33.6%). The remaining were allied
health professionals, including dietitians, physiotherapists, occupational therapists, and
laboratory technicians (34.6%) involved in healthcare provision to patients with uncommon
diseases such as IMD. The average number of years of experience/involvement in NBS
practice was 5.49 (SD = 7.35).
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3.2. Awareness of Newborn Screening for Uncommon Disorders

In terms of sources of information, some parents have obtained NBS-related informa-
tion from more than one medium. Among 452 parents, 237 (52.4%) have heard about NBS,
where they rely on health providers as the most credible source of information (61.2%),
followed by hospital brochures (37.1%) and online platforms and media (13.9%). Of those
237 responding parents who have heard about NBS, 139 (58.7%) have taken part in an NBS
program for uncommon diseases, 56 parents (23.6%) have not taken part in any screening
program, and 42 (17.7%) are uncertain.

Among 107 HCPs, 93 (86.9%) have heard of NBS, where they receive test information
from colleagues (84.9%), hospital brochures (36.6%), and academic research papers (19.4%).
Of those 93 responding HCPs who have heard about NBS, 47 (50.5%) are involved in
NBS, performing various duties including informing parents of test results (34%), drawing
blood tests (21.3%), providing consultation (19.1%), conducting laboratory analysis (12.8%),
hosting educational sessions (6.4%), and facilitating consent procedure (6.4%).

Overall, most parents who have participated in NBS (97.9%), and all HCPs who are
involved in NBS (100%), find NBS for uncommon disorders useful.

3.3. Knowledge about the Potential Benefits of Storing Dried Blood Spot Cards

Figure 1 describes the knowledge about potential benefits of storing a DBS card.
Overall, healthcare professionals demonstrated a higher understanding when compared
to parents, with a mean of 10.2 and 9.43 correct answers out of 11 items, respectively
(p < 0.001). While most parents (95.1%) acknowledged that their consent is required to keep
their child’s DBS card, and that the DBS card supports scientific research (93.8%), identifies
rare and serious conditions in babies (93.6%), provides diagnostic purposes (92.7%), aids
disease treatment (91.4%), contains genetic material (90.3%) and can be connected to
personal medical record (82.1%), fewer parents knew that the DBS card could be stored
for a long time (66.6%) or be used for forensic purposes (63.3%). Among HCPs, 99.1%
knew that DBS cards could be used to identify rare and serious conditions in babies, and
96.3% acknowledged that their consent is required to keep their child’s DBS card. They
were aware that DBS card could be used in scientific research (97.2%), quality assurance
(95.3%), aid disease treatment (96.3%), and contains genetic material (90.7%). Around
one-sixth did not know that the DBS can be connected to personal medical records (15.9%),
stored for a long time (14.0%), and be used for forensic purposes (13.1%) or diagnostic
purposes (13.1%).

Subgroup analysis showed that lack of prior exposure to NBS for uncommon disorders
and lower educational background contribute to the knowledge gaps. Compared with those
who had heard of NBS for uncommon diseases, those who had not heard about the test were
not aware of the use of DBS for identifying rare and severe conditions (p = 0.009), forensic
purposes (p = 0.024), supporting the development of individual-specific disease treatment
(p = 0.03). Respondents who attained an education level below secondary schools did not
know the DBS card could be stored for an extended period (p < 0.001), support scientific
research (p = 0.033), and aid public health research and future policy implementation
(p = 0.030). No significant difference was observed by any other demographics.

3.4. Concerns and Views about Storing Dried Blood Spot Cards

Regarding concerns about DBS card storage (see Figure 2), about half of the parents
(51.3%) and HCPs (58.9%) were not concerned about sharing DBS among academic institu-
tions. Over 70% of parents and 60% of HCPs demonstrated considerable concerns about
potential privacy breaches and anonymity. Compared to their lower-educated counterparts,
the more educated expressed statistically significant concerns about the DBS being linked
with personal or medical records (p = 0.005) or privacy breaches (p < 0.001). While over 70%
of HCPs expressed no concern with regard to the DBS being used for secondary research,
more parents (50.5%) than HCPs (25.2%) were of the opinion that the DBS secondary
research does not benefit their child and are thus more reluctant to store the card for public
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health or scientific research purposes (p < 0.005). Pearson correlations reveal a negative
relationship between knowledge of keeping DBS and concerns about altruistic benefits
(correlation coefficient = −0.125, p = 0.003).

Figure 1. Knowledge about potential benefits of storing dried blood spot cards. * denotes statistically
significant differences according to awareness of NBS; @ denotes statistically significant differences
according to education level.

Figure 2. Concerns about storing dried blood spot cards. HCPs = healthcare providers.
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Table 2 shows views about storing DBS cards. Most parents and HCPs (72.3%) showed
interest in storing DBS cards for longer than six months, which is the current protocol in
public hospitals. Of these, 21.1% support storage for up to 2 years, 15.9% support it for
up to 5 years, 17.9% support it for up to 18 years, and 17.4% support storing the DBS card
infinitely. The only significant difference is observed by education groups: respondents
who obtained post-secondary education or higher were more supportive of longer storage
of more than six months (77.7%) than their lower-educated counterparts (61.3%). Overall,
on a scale of 1 (do not support) to 10 (strongly support), parents (mean = 8.13) and HCPS
(mean = 8.26) supported the public policy in DBS card storage. No significant difference
was observed by other demographics.

Table 2. Views toward storing dried blood spots.

All
Healthcare
Providers

Parents

Chi/t p-Value
(n = 559) (n = 107) (n = 452)

n (%) n (%) n (%)

How long do you think DBS should be stored?

Up to 6 months 155 (27.7%) 29 (27.2%) 126 (27.9%) ns ns

Up to 2 years 118 (21.1%) 23 (21.5%) 95 (21%) ns ns

Up to 5 years 89 (15.9%) 24 (22.4%) 65 (14.4%) ns ns

Up to 18 years 100 (17.9%) 21 (19.6%) 79 (17.5%) ns ns

Indefinitely 97 (17.4%) 10 (9.3%) 87 (19.2%) ns ns

Do you support DBS storage? (1 as not interested at all; 10 as extremely interested)

mean (SD) 8.15 (1.66) 8.26 (1.70) 8.13 (1.65) ns ns
ns = not significant.

3.5. Interest in Opting for Extended Genetic Testing

Table 3 shows the assessment of interest in opting for extended genetic testing. Around
31% of parents and 43.9% of HCP have heard of extended genetic testing in NBS. The
top two conditions in extended genetic testing that parents and HCPs are interested in
learning are, respectively, a childhood-onset disease with treatment (87.4% and 90.7%) and
a condition listed on the current medical recommended screening panel (85.6% and 87.9%).
While around 77.9% of parents are interested in learning about a variant with unknown
clinical implications, only three-fifths (57%) of HCPs agreed with the early disclosure of the
variant (Chi = 19.5, p < 0.001).

When asked about the major factor driving their interest in extended genetic testing
from a scale of 1 (not important at all) to 5 (very important), parents identified the potential
usefulness of genetic extended testing to help shorten the diagnosis time (mean = 3.57),
identify new disease genes and diagnose individuals with rare disorders (mean = 3.54) as
important factors. In contrast, HCPs, put greater emphasis on the accuracy of test results
(mean = 4.32) and access to existing treatment (mean = 4.31).

Overall, on a scale of 0 (do not support) to 10 (strongly support), parents (mean = 7.87)
and HCPS (mean = 7.64) supported extended genetic testing. No significant difference
found between parents who have a child with a disease and other demographics.
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Table 3. Interest in opting for extended genetic testing.

All
Healthcare
Providers

Parents
Chi p-Value

(n = 559) (n = 107) (n = 452)

n (%) n (%) n (%)

If you were the parent, would you wish to receive the following information with regard to your child/If you were a healthcare provider, would
you wish to disclose the following information to parents?

A childhood-onset disorder is a condition with treatment 492 (88.0%) 97 (90.7%) 395 (87.4%) ns ns

A condition list on the current medical recommended
screening panel 481 (86.0%) 94 (87.9%) 387 (85.6%) ns ns

Increase risk for an adult-onset disease 467 (83.5%) 83 (77.6%) 384 (85.0%) ns ns

The newborn is a carrier for the condition but will not
develop it 470 (84.1%) 93 (86.9%) 377 (83.4%) ns ns

An adulthood-onset disorder is a condition with treatment 466 (83.4%) 94 (87.9%) 372 (82.3%) ns ns

A childhood-onset disorder is a condition with NO
available treatment 456 (81.6%) 91 (85.0%) 365 (80.8%) ns ns

A variant that has unknown clinical implications 413 (73.9%) 61 (57.0%) 352 (77.9%) 19.5 <0.001

An adulthood-onset disorder is a condition with NO
available treatment 421 (75.3%) 81 (75.7%) 340 (75.2%) ns ns

What is the factor(s) impacting your interest in extended genetic testing? (1 is not important at all; 5 is extremely important)

mean (SD) mean (SD) mean (SD) t p-value

Shorten the diagnosis time in future 3.69 (1.17) 4.20 (0.884) 3.57 (1.19) 6.11 <0.001

Identify new disease genes and diagnose individuals with
rare disorders 3.66 (1.16) 4.14 (0.976) 3.54 (1.17) 5.45 <0.001

Access to existing treatment for affected individuals 3.68 (1.15) 4.31 (0.862) 3.53 (1.16) 7.84 <0.001

Accuracy of the test results/sequencing results 3.67 (1.19) 4.32 (0.938) 3.52 (1.20) 7.52 <0.001

Access to specialist follow-up for affected individuals 3.64 (1.15) 4.18 (0.92) 3.51 (1.17) 6.38 <0.001

Impinge on the child’s right to an open future 3.58 (1.19) 4.06 (0.96) 3.47 (1.21) 5.37 <0.001

Diagnosing susceptibility to adult-onset disease during the
newborn period 3.35 (1.18) 3.45 (1.27) 3.32 (1.16) ns ns

How interested would you be in obtaining your child’s extended genetic testing? (1 as not interested at all; 10 as extremely interested)

mean (SD) 7.83 (1.85) 7.64 (1.87) 7.87 (1.85) ns ns

ns = not significant.

4. Discussion

DBS unquestionably provides us with an easy way to store a wealth of data that can be
used for many secondary purposes and extended genetic testing. The sensitive information
it holds has resulted in many debates amongst experts worldwide regarding the duration
of storage, secondary usage, and research policies and how and when to consent to DBS
storage and its secondary uses. This has resulted in variable global policies. There, however,
is a trend to store DBS cards for a prolonged period of time and to use them for biobanking.
In New Zealand [25], some states in the US, such as Minnesota [26,27], and Victoria in
Australia [28], DBS cards are stored indefinitely. In Denmark, the residual DBS cards are
stored at the Danish Newborn Screening Biobank indefinitely [29]. The United Kingdom
stores DBS cards for 5 years [30].

The opt-in NBS for inherited metabolic diseases and severe combined immunodefi-
ciency for newborns born in public hospitals is funded by the Hong Kong Government.
DBS samples were collected for NBS purposes and archived for six months after reporting
except for quality assurance purposes. The issues about DBS storage and its secondary
use are yet to be explored. Ethical questions and consenting logistics remain challenges.
However, before moving on, it is essential to know the receptivity of our key stakeholders,
i.e., the parents and HCPs in Hong Kong, toward the retention of DBS cards and their
secondary usage, including extended genetic testing, and this was the purpose of our study.

Our study has shown that the awareness of NBS locally is still low, with only 52.4% of
parents and 86.9% of HCPs being aware of NBS. In the Netherlands, 98.5% of mothers were
aware of NBS [11], and in Australia, 93% of mothers had heard of NBS [31]. Having said
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that, our study includes parents who have (58.7%) heard of NBS had taken part in in NBS,
and this may account for the difference. Our figures are more comparable to a Japanese
study examining mothers and an American study examining the general public regarding
their awareness of NBS, and these studies showed that only 57% and 55%, respectively,
were aware of NBS [13,32]. Another reason for the low awareness is that NBS has only
been established territory wide in Hong Kong in the last five years, and it will take the
public more time to become more aware of NBS.

This lack of awareness is also reflected in the lack of knowledge about DBS storage.
Only 66.6% of parents and 86% of HCPs were aware that DBS could be stored for a long
time. Despite not knowing about the prolonged storage of DBS, parents were generally
aware that DBS contains genetic material (90.3%), could be used for quality assurance
(86.9%) and scientific and public health research (93.8%), and was connected to personal
medical record (82.1%), but few (63.3%) knew that it could be used to for forensic purposes.
Lack of knowledge and awareness may be the reason that Hui et al. [16] noted the lack of
support of local parents in using DBS to trace victims (69%) or suspects of crimes (52%),
while they were more supportive of using DBS for quality control (85%) and health-related
research (75%). This is in contrast to the Dutch population, where NBS has been established
since 1974, and the population is highly supportive of using DBS to help trace suspects of
serious crimes, with a rating mean of 3.63 on a 5-point scale [11]. In contrast to parents,
our HCPs (86.9%) were more aware of DBS’s secondary uses and forensics uses of DBS
(86.9%). Thus, our frontline HCPs should be recruited as collaborative partners to help fill
the knowledge gap of the parents since our respondents (61.2%) considered HCPs to be the
most credible source of information.

The concerns of both HCPs (65.4%) and parents (69.5%) relating to the storage of DBS
with regard to breaches of personal data are very reasonable concerns to have, considering
the sensitivity of information the DBS contains about an individual. This concern only
reiterates that strict data protection policies need to be put into place to gain the trust of
our parents and HCPs if prolonged DBS storage is to be considered in Hong Kong.

Interestingly, the parents (50.5%) in Hong Kong did not seem to be as altruistic as
our HCP (25.2%) when it came to research, and they were concerned that the research
did not directly benefit their child/baby. Bombard et al. [1] showed that among Canadian
citizens, 77% supported anonymous research. Further analysis revealed that Canadian
citizens’ acceptance of or discomfort with a routinised approach to research with stored
samples varied along axes of trust, concern for harm, and individual versus collective
interests. There is a need for a more focus group-based research locally to understand
parent’s motivations for supporting and the reservations to use DBS for secondary research.

An important issue that our study did not discuss extensively is consent. Storage
policies are an opt-out option in New Zealand, Minnesota (US), Denmark, and the United
Kingdom. In New Zealand, Denmark, and Minnesota (US), the secondary use of DBS,
including research, is mentioned on the leaflet for NBS or the website for NBS. In the United
Kingdom, no consent for de-identifiable blood spots is necessary. Victoria in Australia
uses an opt-in approach, and written consent for the de-identified secondary use and
health research is taken during the NBS consent. Denmark has a clear policy and states the
purpose of storage for the (1) diagnosis and treatment of congenital disorders, including
documentation, repeat testing, quality assurance, statistics, and improvement of screening
methods; (2) diagnostic use later in infancy after informed consent; (3) legal use after a
court order; and (4) the possibility of research projects after approval by the Scientific
Ethical Committee System in Denmark, The Danish Data Protection Agency and the NBS-
Biobank Steering Committee. Hui et al. showed that Hong Kong parents prefer the opt-in
approach rather than the opt-out approach [16]. More research is required to understand
local preferences.

Regarding the length of storage of DBS, keeping their concerns aside, 17.5% of parents
and 19.6% of HCPs were willing to store the DBS up to 18 years of age, and 19.2% of
parents and 9.3% of HCPs were supportive of storing the DBS indefinitely. Overall, 72.3%
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of parents and HCPs supported storing DBS beyond the current 6-month practice, and this
is a promising start for any bio-banking future in Hong Kong.

In the US, various projects are underway to test the usefulness of whole-exome sequenc-
ing (WES) or whole-genome sequencing (WGS) as a tool in newborn sequencing—Babyseq
project [33], NC Nexus [34], etc. The United Kingdom National Health Service is also ex-
ploring the benefits of next-generation sequencing in newborn screening [35]. All of these
programs have discovered the benefits of extended genetic testing in NBS, including the
reduction in false-positive and false-negative rates [36], the discovery of conditions not iden-
tified by MS/MS newborn screening [34,37], and even shortening time to diagnosis [38].
Extended genetic testing in NBS is the future that will radically change the face of health
screening worldwide. Goldenberg et al. showed that 74% of parents were interested in WGS
in newborns [39]. This is similar to our results in which 78.1% of parents and 73.4% of HCPs
supported extended genetic testing in NBS.

However, apart from identifying medically actionable childhood-onset disease, it can
also identify actionable adult-onset disease. This may have a huge psychological impact
on the individual and their family members regarding the uncertainty of the time of onset
of the disease. Extended genetic testing can also detect non-actionable conditions and
conditions of unknown significance. Our parents (90.7%) and HCPs (87.4%) were more
interested in knowing about actionable conditions and less about non-actionable conditions.
This is different from the Western population, where Lewis et al. showed that with regard
to non-actionable conditions, parents preferred to learn about disorders with more severe
manifestations, even though this may result in increased distress [40]. Our parents and
HCPs were well aware that a genetic diagnosis alone is inadequate, and thus, the factors
which will influence their interest in extended genetic testing include the accuracy of
test results, access to specialist follow-up and waiting time length, and access to existing
treatment without any impingement on an open future. These are all important factors for
a society to consider before embarking on including extended genetic screening in their
NBS program. More small group analysis is required to comprehend better the societal and
ethical preferences of local HCPS and parents.

5. Conclusions

In conclusion, the establishment of DBS-based NBS in Hong Kong started in 2015.
The issues of DBS storage and secondary usages, including extended genetic testing, need
to be further explored, hoping to be in line with other countries. Our study shows that
addressing the clinical, ethical, and social concerns of HCPs and parents is paramount to
making the leap forward. Thus, more research is needed to understand the local preferences
and views. In the meantime, we will continue to engage our HCPs to enhance the education
of parents about NBS and DBS storage and its secondary uses in order to fill the knowledge
gap and conduct more research to understand local preferences.

6. Strengths and Limitations

There are several limitations to the current study. First, this was a cross-sectional assess-
ment of attitudes toward the retention of DBS cards and their usage for extended genetic
testing. We compared groups of parents and HCPs, but the results should be interpreted care-
fully at the community level as sociodemographic and professional characteristics observed
individual variances. Second, the study did not report the baseline knowledge of medical
genetics, which may have affected respondents’ views of extended genetic testing. Third, the
sample consisted of those who responded to our survey and are willing to participate in a
study in the public sector only, and we have no private sector data for comparison. Finally,
the survey instrument’s closed-ended questionnaire structure did not allow additional ethical
concerns to be raised. Thus, the data do not fully describe the ethical considerations in the
sample population but rather their views about predetermined issues.
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Abstract: Recent dramatic reductions in the timeframe in which genomic sequencing can deliver
results means its application in time-sensitive screening programs such as newborn screening (NBS)
is becoming a reality. As genomic NBS (gNBS) programs are developed around the world, there is an
increasing need to address the ethical and social issues that such initiatives raise. This study therefore
aimed to explore the Australian public’s perspectives and values regarding key gNBS characteristics
and preferences for service delivery. We recruited English-speaking members of the Australian public
over 18 years of age via social media; 75 people aged 23–72 participated in 1 of 15 focus groups.
Participants were generally supportive of introducing genomic sequencing into newborn screening,
with several stating that the adoption of such revolutionary and beneficial technology was a moral
obligation. Participants consistently highlighted receiving an early diagnosis as the leading benefit,
which was frequently linked to the potential for early treatment and intervention, or access to other
forms of assistance, such as peer support. Informing parents about the test during pregnancy was
considered important. This study provides insights into the Australian public’s views and preferences
to inform the delivery of a gNBS program in the Australian context.

Keywords: newborn screening; bioethics; genomic sequencing; qualitative; public views

1. Introduction

Newborn bloodspot screening (NBS) is a highly successful population screening
initiative in many parts of the world [1]. Developed by Robert Guthrie in the 1960s, the first
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NBS test used a blood sample collected from a heel prick onto filter paper (now known as
the Guthrie card) to test for phenylketonuria [2]. While some conditions (such as congenital
hypothyroidism and cystic fibrosis) were added in the 1970s and 80s [3], the 1990s saw an
expansion of the number of conditions included in NBS panels with the introduction of
tandem mass spectrometry technology [4]. Today, NBS programs around the world are
highly successful, operating in many countries at relatively low cost with near-universal
uptake [5]. The level and detail of informed consent required for traditional NBS varies
by jurisdiction; in many countries, consent for traditional NBS is implied [6], yet overall,
population trust and uptake remain high [7].

Standard NBS (stdNBS) acts as a screening test, meaning subsequent diagnostic testing
is usually required to confirm a diagnosis [7]. In some cases, the diagnostic testing is genetic
in nature; such NBS programs typically follow a protocol of first-tier biochemical testing
(commonly tandem mass spectrometry), followed by genetic or genomic sequencing as a
second-tier confirmatory/diagnostic test as appropriate, such as for cystic fibrosis [5,8,9].
However, some countries are either considering or beginning to include genetic testing as
part of the first-line testing in NBS for conditions, such as spinal muscular atrophy [10,11].

Recent dramatic reductions in the timeframes in which genomic sequencing can deliver
results, as well as the price, mean its application in time-sensitive screening programs
such as NBS is becoming a reality [7]. Genomic newborn screening (gNBS) provides a
single assay for the testing of many genetic conditions that would benefit from detection
in infancy, but which do not have biochemical markers measurable by traditional NBS
methodologies [12].

gNBS has sparked considerable discussion in the literature. Expert ethicists and
clinicians in the field have suggested that we may not yet be ready for the implementation
of gNBS [7,13] and position statements from leading bodies worldwide also urge caution
at this time [14–18]. Yet, inclusion of genomic sequencing in NBS programs is not only
inevitable [19,20], but already occurring [21]. Jurisdictions including the US (through
the Guardian study, BabySeq, BeginNGS, and Early Check), England (Generation Study),
Belgium (Baby Detect), France (PERIGENOMED), the EU (Screen4Care), and Australia
(BabyScreen+) are all piloting gNBS programs as part of research studies [22,23].

To date, the inclusion of conditions in NBS programs has been based on the goal of
identifying newborns with serious conditions who are likely to benefit from treatment early
in life [22,24]. Yet with gNBS, the potential to screen for more conditions means that these
parameters are being questioned [25–27].

Some work has been conducted using a variety of methodologies exploring parents’
and the public’s preferences and perspectives on gNBS in the US [20,28–41], Canada [42–44],
the UK [45,46] and New Zealand [47]. Surveys have been conducted with Australian
parents exploring their views [48,49]; however, to date, no in-depth qualitative work has
been conducted with members of the Australian public.

As gNBS programs are developed around the world, there is an increasing need to
address the ethical and social issues that such initiatives raise [22]. This study therefore
aimed to explore the Australian public’s perspectives and values regarding key gNBS
characteristics and preferences for gNBS service delivery.

2. Materials and Methods

We recruited English-speaking members of the Australian public over 18 years of age.
Advertisements were distributed via social media posts on Facebook. Individuals who
were interested in participating were directed to a website where they could register their
interest and provide contact details. FL then telephoned potential participants to ask a
series of screening questions to confirm eligibility and maximise diversity in focus group
participation (e.g., diversity of age, gender, parental status, and geographical distribution).
Screened individuals were sent further information about the study via email, invited to
sign an online consent form, and provide their availabilities if they wished to participate.
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Participants were provided with a AUD 75 voucher as remuneration for their time at focus
group completion.

Sampling aimed for heterogeneity in participant characteristics, including age; gender;
location (by state and metropolitan/rural location); parental status; and country of birth and
language spoken at home (as measures of cultural and linguistic diversity). Recruitment
continued until sufficient heterogeneity was achieved and until minimal new data were
generated addressing the study aims.

Prior to the focus groups, participants were asked to watch a 3 min video [50] to
provide them with background information about the topics that would be discussed.
The video included information about what DNA and genomic sequencing are, and how
genomic sequencing can lead to disease detection. It also outlined what stdNBS in Australia
involves and briefly introduced the idea of using genomics in NBS. Focus groups explored
participants’ preferences and values regarding key gNBS characteristics and preferences for
gNBS service delivery. The degree to which concepts such as the uncertainty and sensitivity
of gNBS, targeted versus broader testing approaches, and the potential test outcomes were
covered varied between focus groups depending on the discussion. The focus group guide
is included as Supplementary Material.

Focus groups were facilitated by DV with support from FL and conducted via Zoom.
Both DV and FL are skilled qualitative researchers with experience in focus group method-
ology and training in genetic counselling. None of the participants were known to the
researchers.

Focus groups were recorded using the Zoom recording function and transcribed by FL.
Interview transcripts were analysed by using inductive context analysis, whereby content
categories are generated from the data, rather than predetermined [51]. Coding continued
iteratively until all data relevant to the research question had been coded into categories
and subcategories. Findings were discussed by DV and FL to ensure rigour. Data analysis
was managed using NVivo (released March 2023) [52].

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

3. Results

3.1. Participant Demographics

We had 643 people express interest in the study and managed to contact and confirm
eligibility in 155 of them. No potential participants were excluded.

Seventy-five members of the Australian public aged 23–72 participated in 1 of 15 focus
groups (range 2–8 per group). The participant characteristics are summarised in Table 1.
We had representation from 7/8 states/territories across Australia. Thirteen participants
self-reported they were medical or allied 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.

Table 1. Participant characteristics.

n (%)

Age

Mean 42

Range 23–72

Metro/rural

Metro 61 (81%)

Regional/rural 14 (19%)
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Table 1. Cont.

n (%)

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

3.2. General Support for gNBS

Below, we present quantitative and qualitative data. Participants were polled at
the beginning and end of each focus group to both facilitate discussion, and gauge if
perspectives on gNBS changed over the course of the discussion. Quotes are used to
illustrate our qualitative 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 to protect participant
anonymity; codes are used to identify participants based on their focus group number (e.g.,
FG1 P1 refers to focus group 1, participant 1).

All focus groups were asked whether they thought genomics should be used in
newborn screening programs. Prior to the discussion, the majority (77%) of participants
thought that genomics should be used, with 23% stating they were unsure. Following
the focus group, the same number of participants thought that genomics should be used,
however, in contrast to the beginning of the session, a proportion (7%) thought it should
not be used.

Half of the focus groups were asked whether a NBS program that includes genomics
should be run any differently to stNBS programs. Just under half (46%) of the participants
expressed the view that a gNBS program should be run differently to a stdNBS program
prior to the discussion. After the discussion, most (74%) thought it should be run differently.

The results of the polls are shown in Table 2.

Table 2. Results of the poll.

Pre-Discussion
n (%)

Post-Discussion
n (%)

Do you think genomics should be used in newborn
screening programs?

Yes 58 (77%) 57 (77%)

No 0 5 (7%)

Not sure 17 (23%) 12 (16%)

TOTAL 75 74

Should a newborn screening program that includes genomics be run
any differently to standard newborn screening programs?

Yes 18 (46%) 29 (74%)

No 9 (23%) 8 (21%)

Not sure 12 (31%) 2 (5%)

TOTAL 39 39
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Qualitative data showed that participants were generally supportive of introducing
genomic sequencing into newborn screening, with several stating that the adoption of such
revolutionary and beneficial technology was a moral obligation.

“Personally, I think if the technology is there for us to screen and find anomalies of
whatever sort early, I think we should use it.” [FG3 P1]

3.3. Perceived Benefits of gNBS

Participants consistently highlighted receiving an early diagnosis as the leading benefit
of implementing gNBS (Table 3, Quote 1). This was frequently linked to the potential for
early treatment and intervention, or to access other forms of assistance, such as peer support
(Table 3, Quote 2).

Table 3. Benefits of gNBS.

Perceived Benefit Illustrative Quote(s)

Benefits of early diagnosis

Quote 1: “I think the other thing I’m really conscious of is that there will be medical and
pharmaceutical interventions and therapeutic interventions in relation to some genetic conditions
which, if undertaken at the earliest opportunity, will have more positive implications for children and
their families in the long term.” [FG1 P8]
Quote 2: “And also, getting support from other families. . .A lot of groups are on Facebook and things
like that these days. . .you can hear how other people have gone through it and how they’ve survived
it and all those sorts of things, or how they’re coping with it and what they’re using to cope with it
and those sorts of things.” [FG9 P3]
Quote 3: “. . .you can go through years of testing and hospitalisation trying to find an answer to a
question about what’s going on with your child, and that would certainly make it easier if that could
be available early on.” [FG3 P1]
Quote 4: “I also imagine that for families that have to care for a loved one in this space, if they know
ahead of time that there’s going to be a financial burden on them, it allows them to plan a little bit
better if they know earlier.” [FG4 P6]
Quote 5: “I kind of think knowledge is power regardless of what it is. Like you might not be able to
alter things medically or like get the right treatment, whether or not it’s like the right kind of changes
to make for your family, whether you’re a working mum and you decide to stop working or you’ve got
other children that you need to care for and you might need some extra care. Might not necessarily be
able to like make a decision medically about how to help your child, but how to help your own lifestyle
and your own family. I think there’s other kinds of decisions that you can make around like news.”
[FG15 P3]

Research and knowledge benefits

Quote 6:“I think it’s important because it gives an indication of actually how prevalent it is and that
can help drive the funding and the research into it. If it’s not necessarily monitored then we don’t
know just how rare it is. . .” [FG8 P5]
Quote 7: “I’d like to think that the data could be used for more research but also for governments to
plan and services to plan and if there’s going to show that there’s going to be more of particular
disorders or illnesses, then that can be planned for future sort of care or services. . .For that individual
child but for a population as well.” [FG12 P3]

Benefits for reproductive planning
and the broader family

Quote 8: “. . .it would be good if they were aware of it for future children. Because some people have
children very close together. . .And I’ve seen many cases where people end up with three children with
the same genetic condition, because they had three children in four years or five years, before any
symptoms were recognised.” [FG5 P4]
Quote 9: “I think there are other implications for families in terms of your broader family, if you find
things out that are inherited. . .” [FG1 P1]

Participants also reflected on either their own or friends/families’ experiences of the
diagnostic odyssey, suggesting that receiving an earlier diagnosis would reduce the stress
associated with lengthy diagnoses (Table 3, Quote 3).

Furthermore, participants foresaw that receiving an early diagnosis would allow
parents more time to prepare, both emotionally and practically (Table 3, Quotes 4 and 5).

Participants highlighted the potential benefits of gNBS to research and the ability to
increase knowledge about rare genetic conditions (Table 3, Quote 6). They mentioned that
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an improved understanding of genetic conditions would lead to better resource allocation,
such as government funding, to support patients and families with these conditions (Table 3,
Quote 7).

Benefits of gNBS for other family members were also raised by participants. This
included the ability to inform parents, siblings, and extended family members that there
was a genetic condition within the family and explain how this knowledge could be used
in pregnancy planning (Table 3, Quotes 8 and 9).

3.4. Potential Challenges with gNBS

Participants were concerned about the potential psychological impact that a diagnosis
from gNBS could have on parents of newborns. They reflected that having a newborn was
already a stressful time for new parents and were concerned about the added stress that an
early genetic diagnosis might have on the family (Table 4, Quote 1). This was particularly
the case for uncertain gNBS results and untreatable conditions (Table 4, Quote 2).

Table 4. Potential challenges with gNBS.

Potential Challenges Illustrative Quote(s)

Possible impact of gNBS on parents

Quote 1: “When you’re handed a baby it’s so overwhelming, there’s so many new things already. I
think adding another one then could just be overwhelming.” [FG4 P5]
Quote 2: “. . .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?” [FG9 P1]
Quote 3: “. . .but if the parent has a condition that can be pretty asymptomatic, what effect is that
going to have on the parent if they find out they do have this condition even if they have had no
complications of this condition prior and then they have a child with this condition and are very
severely affected?...Would there be some like guilt there?” [FG2 P1]
Quote 4: “. . .I’m just concerned that people who are presented with these situations very early on, is
that going to affect their emotional attachment and bonding with their child?” [FG7 P2]

Data security, privacy,
discrimination and insurance
concerns

Quote 5: “. . .how’s the information going to be stored, like particularly in this digital world around
cyber and security and all that stuff. How long will it be stored? Who’s got access to it and who
could have access to it down the track?” [FG8 P3]
Quote 6: “. . .if a child comes back saying that they have a higher chance of getting something, is that
then going to affect their private health insurance? It’ll now either cost them more or they won’t be
able to get covered for that?” [FG12 P5]

In addition to psychological impact, participants recognised that a diagnosis in a child
might also have clinical implications for the parents as asymptomatic or mildly affected
carriers of the condition (Table 4, Quote 3).

Relatedly, some participants discussed the potential negative impact of a diagnosis
from gNBS on parent–child bonding (Table 4, Quote 4).

Participants expressed concern for the security of their and their child’s genomic data
following gNBS (Table 4, Quote 5). They were particularly concerned about how the data
might be used to discriminate against individuals in terms of insurance and employment
later in life (Table 4, Quote 6). Because of this, they expressed that there should be strict
regulations and processes for how genomic data are stored, shared, and accessed.

3.5. When to Discuss and Obtain Consent for gNBS

Most participants agreed that the availability of gNBS should be raised and discussed
during pregnancy, rather than at, or soon after, the birth of the child (Table 5, Quote 1).
Participants noted that birth and the immediate newborn period was a busy and stressful
time for parents, and that this was therefore not an ideal time to be discussing something
as complex at gNBS.
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Table 5. When, who and what: Discussing and consent for gNBS.

Illustrative Quote(s)

gNBS should be discussed
during pregnancy

Quote 1: “I feel when it comes time for the heel prick test, it’s just like, “Do you want to get the heel prick test
done?” and you go, “Yeah, sure,” and your baby’s 48 h old, and you’ve just given birth and you’re a bit sleep
deprived, and there’s not that considered decision making. So I think the earlier the information can be given,
and time for consideration and research, the better.” [FG11 P3]
Quote 2: “. . .maybe a public campaign about screening for particular conditions. . .not just people having
babies, but educating the community about why this would be really important.” [FG13 P6]
Quote 3: “. . .perhaps education packages for people who are trying to become pregnant as well, so they’ve got
more of a chance to learn more about it. . .” [FG1 P4]
Quote 4: “I kind of wonder whether that first appointment where women have just found out they’re
pregnant or they’re planning to become pregnant, I wonder whether that would that be a good point where
you are not necessarily, have any brochures yet. I mean obviously you get to the point in pregnancy where
you are just getting so much information. . .” [FG1 P2]
Quote 5: “I would prefer this sort of information to be disseminated and discussed probably in the third
trimester of pregnancy. . .because it stays relevant. If it was maybe discussed any earlier it might sort of get
lost in amongst other things that are happening during pregnancy. . .” [FG6 P3]
Quote 6: “. . .the education just can’t depend on one person. It needs to be multiple people that you trust.”
[FG13 P3]

Consent for gNBS should be
obtained during pregnancy

Quote 7: “I don’t think it would be fair to put it onto someone who’s just given birth, whether we go ahead
and test. So you need time. You need time to think and make a choice, an informed choice.” [FG14 P5]
Quote 8: “I think you can maybe do an early consent and then re-confirm at collection because they may
change their mind and decide they would want to do it when they said they didn’t want to do it or
something.” [FG7 P1]

Who should discuss gNBS

Quote 9: “. . .in terms of who this information I suppose is given, or who gives this information, I would say
it would be best coming from an obstetrician or maybe a midwife if that’s. . .who’s looking after the pregnancy.
Maybe GPs. . .” [FG6 P3]
Quote 10: “Maybe GPs, again depending on their knowledge and that sort of thing, they’re probably not the
most appropriate person to be making this sort of I suppose recommendations. Maybe they can make the
parents or the parent aware that this is available, but in terms of going into it further, they’re general
practitioners, they’re not specialised.” [FG6 P3]
Quote 11: “Midwife is a good option, but again, it would all depend on how much knowledge she has and how
much she can share, and also the workload that she has. So that could be one of the drawbacks.” [FG13 P3]
Quote 12: “. . .in an ideal world, it would be someone that had, like a genetic counsellor or someone with that
type of background. But obviously that is probably more costly. . .” [FG1 P1]
Quote 13: “I don’t think it really matters who does it, as long as it’s somebody that’s well educated and
experienced in providing education to parents.” [FG7 P2]

What parents need to know
about gNBS

Quote 14: “I think as much information as possible should be given to parents. It might be overwhelming but
you would rather tell them than not tell them. . .” [FG6 P3]
Quote 15: “. . .many people learn in many different ways, and that it won’t be a one size fits all. . .You have
language barriers, cultural barriers, so it needs to be inclusive, you need to consult with community groups
and present information in different ways if it’s going to be effective.” [FG3 P1]
Quote 16: “. . .talking about what conditions are covered but what are the ones that possibly aren’t covered.
There’s obviously thousands and thousands. . .you obviously can’t financially and logistically maybe test for
all of those conditions. But there are, obviously, still letting people know there are conditions out there that
we’re not able to test for at this point of time too. . . I think just letting them know it’s not a be-all, end-all,
we’re not testing everything.” [FG4 P1]
Quote 17: “. . .just some idea of the process that the testing will take place. . .if everything’s okay you won’t
hear, or you will hear that everything’s okay. If anything comes up, you’ll be put in touch with a genetic
counsellor, just some idea of what to expect in the next weeks after the testing.” [FG3 P1]
Quote 18: “. . .how’s the information going to be stored. . .How long will it be stored? Who’s got access to it
and who could have access to it down the track?” [FG8 P3]
Quote 19: “I think written information is only as good as how capable the person that’s reading it is able to
read, so yeah, a couple of different mediums would be good, and the ability to ask questions rather than just
being, you know, just online, having a face-to-face conversation with someone and being able to ask questions
that are pertinent to the parent.” [FG7 P2]

The exact timepoint at which gNBS should be discussed with soon-to-be parents raised
many differing opinions. Some participants thought that gNBS should be discussed as
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early as possible, with some even suggesting implementing public education campaigns or
raising it with couples trying to conceive (Table 5, Quotes 2 and 3).

However, others commented that various stages of pregnancy—from the first confir-
mation of pregnancy appointment to sometime in the third trimester—were appropriate
times to have the conversation (Table 5, Quotes 4 and 5).

Some suggested that gNBS should be raised and discussed multiple times and poten-
tially by multiple specialists to allow parents to fully understand the screening process
(Table 5, Quote 6).

For similar reasons, many participants articulated that formal consent should also be
obtained prior to birth (Table 5, Quote 7).

Some participants raised the concept of implementing two stages of consent, whereby
parents provided formal, written consent prior to the birth, but that there was a process of
‘rechecking’ consent at the time of sample collection (Table 5, Quote 8).

3.6. Who Should Discuss gNBS

Participants were asked who they thought gNBS should be discussed by. Many
suggested members of the existing prenatal care team, including the general practitioner
(GP), obstetrician, midwife, hospital staff, or maternal and child health nurse (Table 5,
Quotes 9, 10 and 11).

It was expressed that familiarity and rapport were important to have with the person
discussing gNBS, and so someone that parents already have an existing relationship with
would be best placed to discuss gNBS.

Some participants raised concerns that GPs were not adequately trained to discuss
genomics or rare diseases with their patients.

Despite commonly proposing obstetricians or midwives as the most appropriate health
professional to discuss gNBS, some participants were concerned that midwives might not
have the training required to discuss gNBS in detail.

Other participants commented that discussions about gNBS required specialist exper-
tise from someone like a genetic counsellor (Table 5, Quote 12).

Irrespective of who was responsible for discussing gNBS with parents, participants
recognised that they needed to have the skills and training to provide accurate and com-
prehensive information, and to answer any questions that might arise (Table 5, Quote 13).

3.7. What Parents Need to Know about gNBS

Participants generally expressed that as much information as possible should be given
to parents, and that discussions about gNBS should be detailed (Table 5, Quote 14).

However, others recognised that parents might be overwhelmed by receiving too
much information, and instead, the detail of informed consent discussions should be
tailored to the needs of each individual parent and family (Table 5, Quote 15).

There were also specific aspects of the screening test that participants thought parents
should be made aware of. These included things such as which conditions were being
tested for and which were not (Table 5, Quote 16).

With regard to processes, participants explained that parents needed to be made
aware of what happens after gNBS, either in the case of a negative or positive result. This
included an explanation of the timeframe, including when to expect to hear from a health
professional regarding the child’s result (Table 5, Quote 17).

Participants agreed that parents should know what would happen to their child’s
data, including where it would be stored, for how long, and who would have access to it
(Table 5, Quote 18).

Participants wanted other resources to support parents in understanding and making
a decision about gNBS for their child. As well as sufficient opportunities to ask questions
of their health professional, participants suggested pamphlets, websites, a hotline, or even
a genetic counsellor as alternative sources of information about gNBS (Table 5, Quote 19).
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3.8. Type of Consent

When asked what type of consent gNBS should require, participants compared this
with their experiences of consent for other tests and investigations (Table 6, Quote 1).

Table 6. Type of consent.

Illustrative Quote(s)

Comparison with consent
for other relevant
healthcare interventions

Quote 1: “. . .like vaccinations. They’re not really mandated, but they’re, I suppose people make it difficult not
to have them. And then there’s the argument which is it can be negligent not to vaccinate your children. But
the choice is still there.” [FG14 P2]
Quote 2: “. . .in regards to consent I think it needs to be different because there is also, in and above the child or
the baby themselves, there may be ramifications for the immediate and extended family of any results that are
found and how they may be communicated to other members of the family.” [FG1 P4]
Quote 3: “I don’t think the consent process should be any different because at the time you’re providing consent
or not you would have gone through all the information about genomic testing and what it involves. So your, if
you do have any questions, absolutely, feel free to ask but I think the consent process in itself shouldn’t really
differ from the newborn screening test as it currently is.” [FG6 P3]

Perceptions that gNBS
should be mandated

Quote 4: “. . .if it’s going to make such massive differences to children’s, baby’s lives, and potentially provide
life-saving treatment, then do the parents really need to consent, or is it just something that should be done?
But I guess superficially, yes, I think it should be a matter of consent.” [FG7 P2]
Quote 5: “I believe an opt-out system is probably the best the best option I guess. There will be parents who
have certain cultural or religious beliefs where they don’t want blood taken from their child. I’ve worked with
people who will refuse certain medical procedures for their very young children because it’s their perception that
it goes against their religion. And I think there is a risk if you don’t respect that, you start to get the fringe
people out there that start making a big fuss on social media and in the news. . .you need to be seen to be doing
the right thing. . .” [FG8 P5]
Quote 6: “I think it would go without saying that you could always revoke consent at any stage even if the test
has been sent off you can revoke it while it’s being processed so you don’t find out the results if that was what
you desire.” [FG6 P2]

Views about informed
consent

Quote 7: “I think the choice, it’s a good choice, both having the choice to do or not to do. I don’t think it should
be mandated, if it’s introduced. . .because it’s a personal decision. . .I just think choice is probably a good thing.”
[FG14 P2]

Perspectives on whether
both parents need to
consent for gNBS

Quote 8: “I’d say explicit consent and from both parents because of the implication that a genetic condition
might have for either parent and also for siblings of that child. . .I actually believe that both parents should give
consent in all areas. And so if you can’t obtain both parents’ consent at that time it should be either that the
sample can be taken but not tested is maybe a possibility until consent can be obtained from the other parent.”
[FG6 P4]
Quote 9: “I would say if either parent gives consent maybe the testing could be done and it’s, and if the results
could maybe be conveyed to the parent that did give consent. . .So if mum wants to know about it and dad
doesn’t, for example, then maybe the testing could go ahead rather than not go ahead at all and only whoever
gave consent in the first place is informed of those results.” [FG6 P3]

Several suggested that the choice about whether to have gNBS should be like the
choice about whether to vaccinate against COVID-19. Others recognised that many things
happen in hospital without explicit parental consent, and questioned whether gNBS should
be any different. Yet some suggested that because most things for children did in fact
require explicit consent, so should gNBS.

Reflecting specifically on their experience of stdNBS, most parents believed that
consent for gNBS should be different (Table 6, Quote 2). Those that believed it should be
the same assumed that existing consent processes for stdNBS were robust and in-depth
(Table 6, Quote 3).

Some groups discussed whether gNBS should be mandated, whereby parents would
have no choice but for their child to receive screening (Table 6, Quote 4). However, most
thought that this was not appropriate, and that parents should instead be given the oppor-
tunity to opt-out (Table 6, Quote 5).

Irrespective of a parent’s decision, participants thought that they should be able to
withdraw their consent at any time in the process (Table 6, Quote 6).
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Participants generally agreed that gNBS should require explicit and informed consent
from parents prior to being administered (Table 6, Quote 7). They explained that choice
was important in both protecting parents’ autonomy, but also in facilitating trust in a
population-based screening program.

Whether both parents needed to consent for gNBS for it to occur was a contentious
issue in the focus group discussions. Some participants demonstrated strong views that
both parents should be involved (Table 6, Quote 8). However, others ecognized that this
was not always practical or possible, and that therefore only one parent’s consent should
be required (Table 6, Quote 9).

Illustrative quotes are shown in Table 6.

4. Discussion

Our findings show that, after education and discussion, the members of the Australian
public we engaged with were generally supportive of including genomic sequencing in
NBS. This is in line with other studies reporting positive public and parental attitudes
towards, and high interest in, gNBS, such as in the US, Canada and New Zealand [22,53].
Likewise, Genomics England demonstrated wide support for implementing genomic
sequencing into NBS programs in their large-scale public deliberative approach [45,54].
Surveys with parents of healthy children enrolled in a randomised clinical trial of gNBS
in the US also showed general support for population-wide implementation of gNBS for
every newborn [39], and several studies report that parents express hypothetical interest
in receiving genomic information about their newborn [29,30]. Of note, our participants
thought a gNBS program should be run differently to stdNBS, which mainly related to the
consent process as we discuss further below.

4.1. There Is Support for gNBS Provided Potential Risks Can Be Addressed

Participants in our study saw many benefits of gNBS, including early diagnosis,
progression of medical research, and wider family benefits. However, participants were also
cognisant of several potential risks associated with gNBS, such as data security, privacy, and
the potential for discrimination. Research with parents and clinicians in the US demonstrate
that both groups perceive both benefits and risks associated with gNBS; one of the major
risks identified is the potential for psychological distress as a result of screening [20,37].
Our participants were also worried about the potential negative psychological impact of
an early genetic diagnosis on parents and on parent–child bonding. Reassuringly, recent
research from the BabySeq Project shows that families experience no sustained negative
psychosocial effects from gNBS [55,56]. Interestingly, previous work suggests that parents
perceive greater benefits and fewer risks associated with gNBS than clinicians [20,37],
implying that our concerns may not be reflected by the wider public.

The concerns for genomic data security and privacy, and potential avenues for dis-
crimination in employment and insurance raised by our participants are similar to those
identified in a survey with parents conducted in the US [20]. Because of the very nature of
gNBS programs, it is difficult to predict what changes in regulation may occur throughout
the lifetime of today’s newborns, raising challenges for ensuring informed consent and
maintaining trust in such programs. Relatedly, others have raised concerns about the
potential infringement of the child’s autonomy by removing the child’s ability to make
their own decisions about knowing their genomic information later in life [37].

4.2. Explicit Consent Should Be Required for gNBS

Although others in the literature have raised the timing of information provision
and consent for gNBS as a concern [22], to our knowledge, this is the first study to gauge
public opinion on the issue. Focus group participants agreed overwhelmingly that gNBS
should be raised and discussed during pregnancy, probably more than once by multiple
practitioners, and that at least a first stage of consent should also be implemented before
birth.
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Participants explained that a familiar face, that is, a member of the existing care team,
would be best placed to have these discussions about gNBS with prospective parents.
However, they raised concerns for the level of knowledge and skill required to have these
conversations, suggesting that some professional education or training is required prior to
the implementation of gNBS. Other population screening programs—such as expanded
reproductive carrier screening—raise similar issues with health professional preparedness
and a need for training [57]. In fact, the widespread adoption of genomic technologies
across many specialty areas of medicine is generating considerable discussion about the
need to upskill non-genetics health professionals to support patients [58]. Other authors
have suggested that midwives in particular will play a significant role in the delivery
of gNBS, and that any changes to NBS practice should therefore include multifaceted
education programs aimed at such key stakeholders [59].

Participants in our study desired tailored informed consent discussions, covering as
much or as little detail about gNBS as each parent required, which corresponds with a tiered
and layered approach suggested by others in relation to diagnostic genomics [60]. There
were, however, some key aspects that participants expressed should be communicated to
all parents, including which conditions were being screened; the process following gNBS
(particularly if a result suggesting a high chance for a genetic condition was identified); and
what would happen to the child’s data. Participants also expressed that additional resources
in varied formats could be useful to communicate complex information to families.

In Australia, NBS is voluntary and free for all infants, with uptake being close to
100% [49]. For gNBS, parents are likely to require more information to ensure that con-
sent is informed and to maintain such high trust and coverage [7]. One concern is that
implementing a more detailed and potentially burdensome informed consent process into
NBS would reduce participation, thereby reducing the intended benefits of the program
overall [36]. Although our participants appreciated this, they maintained that explicit,
informed consent should be required for gNBS (rather than, for example, implicit consent
or mandated screening) to facilitate trust in the program. Surveys with parents enrolled in
a randomised clinical trial of gNBS in the US also suggest that parents see informed consent
as more important for gNBS than for stdNBS [39]. Reassuringly, early studies obtaining
explicit informed consent do not report a reduction in the uptake of gNBS compared to
stdNBS [36,48,53]. However, some have suggested that introducing gNBS initially as a
separate screening test to stdNBS may mitigate some of this risk [22].

4.3. Members of the Public Hold Less Conservative Views than Health Professionals

Our data support the general trend that views of the public about gNBS are less conser-
vative than those of health professionals, who frequently report that gNBS is not currently
ready for population-wide implementation [13,49,61–63]. Previous qualitative work also
shows that while Australian healthcare professionals do not feel it is currently appropriate
to incorporate genomic sequencing into NBS, they believe it will be implemented in the
next decade [13].

One possible reason for this discrepancy is that parents and the public do not fully
appreciate the complexities and potential challenges relating to gNBS. Certainly, one
potential limitation of this study is that we deliberately provided limited information about
how gNBS might be implemented prior to the focus groups so as not to bias their views.
Topics such as the possibility of identifying variants of uncertain significance or late onset
forms of disease using gNBS could be challenging for members of the public to understand.
However, our participants raised many of the issues that concern HPs, indicating they do
appreciate the nuances to some degree. This may suggest that perhaps HPs are overly
concerned about these issues, or indicate higher levels of genetic exceptionalism within
healthcare workers than the public. However, implementation of any gNBS program
should consider the desires of the general population alongside those of experts.
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5. Conclusions

Genomic sequencing has the potential to drastically increase the scope of existing NBS
programs. Including genomic sequencing in NBS programs could help to identify condi-
tions that traditional biochemical screening cannot [7] and overcome some of the current
limitations of biochemical screening in premature and unwell infants [22]. Furthermore,
the population-wide genomic data that would be generated from gNBS would also allow
for research into the diagnosis, treatment and management of genetic diseases, as well as
allow early access to clinical trials for those diagnosed through gNBS [22].

Implementation of such an ambitious population-wide screening program as gNBS
is being considered in several contexts around the world. However, doing so without
addressing parental concerns is likely to reduce trust and subsequently uptake of the
program [39]. Engaging stakeholders in potential changes to NBS programs is therefore
vital in maintaining a high participation rate [49] as well as in informing the design of
programs so that they are tailored to local contexts.
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Abstract: From 2008 to 2024, the Newborn Screening Translational Research Network (NBSTRN),
part of the National Institute of Child Health and Human Development (NICHD) Hunter Kelly
Newborn Screening Program, served as a robust infrastructure to facilitate groundbreaking research
in newborn screening (NBS), public health, rare disease, and genomics. Over its sixteen years,
NBSTRN developed into a significant international network, supporting innovative research on novel
technologies to screen, diagnose, treat, manage, and understand the natural history of more than
280 rare diseases. The NBSTRN tools and resources were used by a variety of stakeholders including
researchers, clinicians, state NBS programs, parents, families, and policy makers. Resources and
expertise for the newborn screening community in ethical, legal, and social issues (ELSI) has been
an important area of focus for the NBSTRN and this includes efforts across the NBS system from
pilot studies of candidate conditions to public health implementation of screening for new conditions,
and the longitudinal follow-up of NBS-identified individuals to inform health outcomes and disease
understanding. In 2023, the NBSTRN conducted a survey to explore ELSI issues in NBS research,
specifically those encountered by the NBS community. Since NBS research involves collaboration
among researchers, state NBS programs, clinicians, and families, the survey was broadly designed
and disseminated to engage all key stakeholders. With responses from 88 members of the NBS
community, including researchers and state NBS programs, the survey found that individuals rely
most on institutional and collegial resources when they encounter ELSI questions. Most survey
responses ranked privacy as extremely or very important in NBS research and identified the need for
policies that address informed consent in NBS research. The survey results highlight the need for
improved collaborative resources and educational programs focused on ELSI for the NBS community.
The survey results inform future efforts in ELSI and NBS research in the United States (U.S.) and the
rest of the world, including the development of policies and expanded ELSI initiatives and tools that
address the needs of all NBS stakeholders.

Keywords: newborn screening; ethical; legal; social issues; ELSI; research; rare disease; NBSTRN;
privacy; informed consent; public health

1. Introduction

The landscape of medical research is underscored by ever-present ethical, legal, and
social issues (ELSI). As a fundamental aspect of all scientific inquiries, ELSI considerations
play an indispensable role in guiding the ethical conduct, legal framework, and social impli-
cations of research endeavors. Although consideration of ELSI is firmly established across
the medical research spectrum [1], their integration into the realm of newborn screening
(NBS) research, which inherently requires collaboration between academic, clinical, public
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health, patient, and family communities, remains an area in which more cohesive and
comprehensive implementation is needed [2–4].

For 16 years, the Newborn Screening Translational Research Network (NBSTRN) was
a robust infrastructure dedicated to facilitating and expanding groundbreaking NBS re-
search [5,6]. Founded in 2008 as a key component of the Hunter Kelly Newborn Screening
Program at the Eunice Kennedy Shriver National Institutes of Child Health and Human De-
velopment (NICHD) through a contract with the American College of Medical Genetics and
Genomics (ACMG), NBSTRN grew into an international network involved in supporting
cutting-edge research, population-based pilots, and longitudinal studies to discover novel
technologies to screen, diagnose, treat, and manage rare disease across the lifespan [7–13].
NBSTRN tools and resources have been used by a variety of stakeholders, including re-
searchers, clinicians, state NBS programs, parents, families, and policy makers working
across the NBS system of basic, translational, and clinical research, prenatal education,
neonatal screening, clinical diagnosis, treatment, and lifelong care [14–21].

Resources and expertise for the NBS community in ethical, legal, and social issues
(ELSI) has been an important area of focus for the NBSTRN, and this includes efforts across
the NBS system from pilot studies of candidate conditions to public health implementation
of screening for new conditions, and the longitudinal follow-up of NBS-identified indi-
viduals to inform health outcomes and disease understanding [4,22,23]. In 2023, to better
understand ELSI issues in NBS research encountered by the NBS community, the NBSTRN
conducted a survey of the NBS community. Because NBS research involves collaboration
between researchers, state NBS programs, clinicians, and families, the survey was designed
for all stakeholders and widely disseminated to reach all these groups. We describe the
survey design, execution, results, and key takeaways to inform future efforts in ELSI and
NBS research in the United States (U.S.) and the rest of the world.

1.1. ELSI across the NBS System

In the U.S., NBS is led by the state public health departments and is recognized as one
of the most triumphant public health initiatives. Since the inception of the first successful
screen for phenylketonuria (PKU) in the 1960s, state NBS programs have expanded their list
of conditions to include screenings for up to 81 conditions [24], with the goal of facilitating
early intervention for affected newborns. The decision-making power regarding condition
inclusion within NBS programs lies with state NBS programs, and the makeup of screening
panels are informed by the Recommended Uniform Screening Panel (RUSP). The RUSP is a
list of disorders that the Secretary of the Department of Health and Human Services (HHS)
recommends for states to screen. A federal advisory committee coordinates a process of
nomination, evidence review, and recommendation which evaluates information provided
by nominators and assesses the net benefit of screening all newborns, the certainty of
the evidence regarding the net benefit, the feasibility of implementing a comprehensive
program of screening for the condition, and the readiness of public health programs to
implement such a program of expanded screening, including an assessment of costs to the
newborn screening programs to expand screening for a condition under review [25–27].

The past two decades have witnessed a rapid expansion in NBS capabilities fueled by
technological advancements in tools to screen and diagnose, including sequencing, and
novel approaches to treatment, including precision medicine [15,19,28–30]. This techno-
logical expansion and complexity of NBS research underscore the urgent requirement to
address ELSI considerations across each component of NBS from parental education, sam-
ple collection and screening, communication of results, confirmatory testing, treatment, and
long-term follow-up [31,32]. This is particularly critical given the multi-dimensional scope
of NBS research, which includes pilot studies to evaluate candidate conditions for the RUSP
nomination, review, and public health implementation [33–38]. The RUSP process reveals
the intricate relationship between ELSI elements and NBS, as well as the interplay between
researchers, state NBS programs, clinicians, and families. As a whole, this prioritizes
ELSI as a crucial component of the NBS system. This includes the differences in disease
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expression, symptoms, severity, and outcomes resulting from population-based screening;
the preparedness of state programs for screening expansion; the increasing complexity of
care coordination for conditions with varying clinical onsets and treatment urgency; the
integration of trauma-informed care to support families impacted by the screening process,
and equitable access to timely diagnosis, treatment, and life-long care and management
regardless of the location of birth [39–42].

1.2. NBSTRN Efforts to Facilitate ELSI in NBS

In the U.S., the RUSP is an established a system of nomination, review, and endorse-
ment to establish a list of conditions recommended for NBS [24]. The evidence review
includes an assessment of the potential benefits and harms of NBS informed by NBS re-
search that includes pilot and natural history studies led by academia, public health, and
advocacy groups. NBSTRN served as a coordinating center for several pilot and natural his-
tory studies and found that most pilot studies involved collaboration between researchers,
clinicians, and state NBS programs. We observed that the approaches to informed consent,
institutional board review (IRB), and consumer input varied across pilot sites [9,10]. In
2019, the NBSTRN Bioethics and Legal Workgroup (WG) conducted a series of professional
and public discussions to begin to address the observed differences in pilot studies with
the goal of identifying important ELSI challenges and facilitating the integration of ELSI
into NBS pilot studies [4]. This effort identified nine key ELSI questions that could be
integrated into pilot studies to ultimately help the NBS program to better understand the
potential impact of screening for a new condition on newborns and families. To facilitate
the continued exploration of ELSI in NBS, we designed a survey in 2023 to gather input on
ELSI needs in NBS research for all stakeholders in the NBS community.

2. Materials and Methods

We developed an online survey to assess the ELSI challenges in NBS research and iden-
tify the resources that are used or of interest to the NBS community, including researchers,
state NBS programs, clinicians, advocacy groups, and individuals living with and parents
of an individual with a disease identified through NBS. The survey was designed using a
series of online meetings and communications with the NBSTRN Bioethics and Legal Work-
group and consisted of one open-ended question and thirteen multiple choice questions
written in English. Identifying information was not included in the survey. The survey was
developed, validated, and disseminated using Research Electronic Data Capture (REDCap)
([43], Appendix). An electronic link to the survey was disseminated to a convenience
sample consisting of the NBSTRN network that included individuals who had registered
for the NBSTRN website, participated in events, and received the NBSTRN newsletter. The
survey was deployed during the NBSTRN Network Meeting on 18 May 2023, and this was
followed by a comprehensive outreach campaign that included social media engagement,
directed emails to the NBSTRN network members, and listserv announcements. To ensure
a wide reach within the NBSTRN community, broader dissemination efforts continued,
and the survey remained open until 25 August 2023. The Accumulated data were exported
from REDCap® (https://projectredcap.org/software/, accessed on 15 August 2024), and
the percentage of participants who selected each response was computed for the thirteen
binary and/or categorical response options. Three staff members independently reviewed
the text responses for the open-ended question and identified themes.

The privacy and confidentiality of the survey respondents were prioritized throughout
the study. Personal identifiers were removed from the dataset to protect the anonymity of
the participants. Data were stored securely and only accessible to authorized personnel
directly involved in the study.

3. Results

Eighty-eight (N = 88) individuals accessed the 13-question survey, and a data quality
check found that 98% (86/88) answered all questions. Incomplete surveys were included in
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the analysis for the questions that were completely answered. Figure 1 presents the results
of twelve multi-choice questions (Q1–11, Q13) using GraphPad Prism 6 [44]. The themes
identified from the open-ended question (Q12) are listed in Table 1.

Figure 1. Results from multiple choice questions Q1 to Q11 and Q13 (the results are reported in
descending order, from left to right). Not Applicable (N/A).

Table 1. Areas for ELSI Considerations identified in the open-ended question.

Theme
Number of

Mentions (n = 41)
Percentage of
All Responses

Informed consent 14 34%

Usage and standardization of data 9 22%

Usage and storage of dried blood spots (DBS) 6 15%

Policy 6 15%

The NBS process 6 15%

Privacy 4 10%

Population diversity of data and samples 4 10%

Of those who accessed the survey, 36% (32/88) identified their role in NBS research
as researcher, 27% as state program (24/88%), 15% (13/88) as clinical care, and 9% (8/88)
as advocacy (Figure 1, Q2). A total of 81% (71/88) has been involved in NBS research for
three or more years, and 86% (75/88) identified privacy as either an extremely or very
important ethical issue in NBS research (Figure 1, Q4, Q7). When encountering legal or
ethical issues related to NBS research, 35% (31/88) typically seek information or guidance
from institutional lawyers or ethics committees within their organization, 24% (21/88)
utilized colleagues, 18% (16/88) other resources including the literature, 11% (10/88)
nonprofit organizations, and 9% (8/88) utilized state lawyers with expertise in healthcare
law (Figure 1, Q5). A total of 63% (55/88) were aware of the NBSTRN ELSI resources, and
80% (60/88) were somewhat or very interested in a research ethics consultation service
that helps to answer ethical issues around the ethical issues surrounding NBS research
(Figure 1, Q6, Q13).
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To examine differences between the individual stakeholder groups related to ELSI
information or guidance, we compared the responses to Q5, “When encountering legal
or ethical issues related to newborn screening research, where do you typically seek
information or guidance”, by self-identified stakeholder groups: 55% (16/29) of self-
identified researchers sought information or guidance from colleagues conducting ethical
research. A total of 58% (14/24) of self-identified state NBS program members sought
information or guidance from institutional lawyers or ethics committees within their
organization and 25% (6/24) consulted with state lawyers specialized in healthcare law. A
total of 46% (6/13) self-identified clinicians sought guidance from institutional lawyers.

Forty-seven percent (41/88) of participants answered the open-ended question (Ques-
tion 12; Supplementary Survey S1): “What are the ethical, legal, or social issues that you
face in your own work? Explain.” Seven common themes were identified by three staff
members who reviewed the text responses. Table 1 details the seven themes and the
frequency with which they were mentioned by the participants. Informed consent was a
theme identified by 34% (14/41) participants.

4. Discussion and Future Efforts

NBS research is a crucial area that aims to presymptomatically identify and treat rare,
often life-threatening conditions early in a child’s life. This research is essential because
early intervention can significantly improve health outcomes and quality of life through
the discovery of novel technologies to screen, diagnose treat, and manage disease. Given
the complexity and rarity of these diseases, coupled with population-based screening
that is coordinated by state NBS programs, collaboration among various stakeholders to
plan, carry out, disseminate, and implement research findings is critical. Including the
consideration of ELSI in the NBS research is also important and our survey of a convenience
sample of the NBS community found overwhelming interest in training or educational
activities related to ethical issues in NBS research and identified a need for improved
collaborative frameworks, tools and educational programs focused on ELSI for the NBS
community. Sixty-three percent (56/88) of respondents self-identified as either researchers
or state NBS programs. This reinforces the experience of many that research in NBS involves
both collaboration between researchers and state NBS programs. Therefore, to address
ELSI in NBS research, we should consider the concerns and needs that these groups have in
common as well as those that are unique to researchers based in academia or foundations,
public health team members working in state departments of health, and clinical care
providers in hospitals and community based centers.

Across all stakeholder groups, the participants identified privacy and informed con-
sent as key issues to address in NBS research. Almost all (95%, 83/88) respondents were
somewhat or very interested in a research ethics consultation service focused on the ethical
issues surrounding NBS research. The preference for educational formats that facilitate
direct engagement and real-time discussion reveals a potential gap in the current educa-
tional offerings that are focused on static content. In summary, the survey results inform
future efforts in ELSI and NBS research in the U.S. and have relevance to the rest of the
world, including the development of policies and expanded ELSI frameworks and tools
that address the needs of all NBS stakeholders.

These future efforts to support ELSI in NBS research will be important as the number of
diseases, treatments, and technologies increase and the complexities surrounding ELSI issues
continue to grow. In addition, groups around the world are researching ways to integrate
genomics to screen, diagnose, and design interventions in newborns and children, and this
heightens the need for robust, coordinated, and widely disseminated ELSI efforts and poli-
cies [45]. Informed by the sixteen years of discussions, collaborations, and workgroups of the
NBSTRN, Table 2 lists nine suggested key areas for future efforts and provides examples to
illustrate how targeted projects can address ELSI considerations in NBS research by leveraging
patient-centric resources, participatory research models, public education and engagement,
and collaborative education programs. The NBSTRN of diverse stakeholders across the NBS
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community from public health partners to clinicians, patients, parents, families, researchers,
and advocacy groups continually highlighted the importance of a focus on privacy, informed
consent, interdisciplinary collaboration, social acceptance, and ongoing education. This broad
approach to ELSI in NBS research coupled with innovative initiatives that consider local,
regional, and county-wide policies and practices will help to ensure that ELSI aspects are
comprehensively integrated into NBS research around the world. In the U.S., the continued
collaboration between the National Institutes of Health (NIH), the Centers for Disease Control
and Prevention (CDC), and the Health Resources and Services Administration (HRSA) will
be vital in supporting these efforts to advance ELSI in NBS research and ensure the successful
implementation of evolving best practices. Each of these agencies brings unique strengths
and expertise to the table, creating a comprehensive approach that addresses scientific discov-
ery, translational research, public health implementation and surveillance, and clinical and
community-based care across the lifespan delivery aspects [46]. In conclusion, the NBSTRN
ELSI survey results demonstrate that the NBS community recognizes the important of ELSI in
NBS research infrastructure and calls upon all stakeholders and federal partners to invest in a
future where rare disease research is prioritized and supported across research, clinical care,
and state NBS programs.

Table 2. Nine suggested areas for future efforts to advance ELSI in NBS research for the worldwide
NBS community.

Key Area Description Example(s)

ELSIs in NBS Research

Funded efforts to develop, validate, pilot,
and implement accessible, patient-centric
resources that address the burgeoning ELSI
challenges identified by the NBS research
community. Emphasis would be placed on
privacy and informed consent tools, catering
to the nuanced requirements of rare
disease research.

Establish a global consortium dedicated to addressing
ELSIs specific to genomic newborn screening. The
consortium would develop guidelines, share best
practices, and support collaborative research projects.
This could be used to develop an online platform called
the “Patient-Centric ELSI Resource Hub” to create,
validate, pilot, and implement resources addressing
ELSI challenges in NBS.
Key features are privacy and informed consent tools,
personalized education materials for parents, interactive
FAQs, and case studies tailored to rare diseases. Users
include researchers, clinicians, parents, and patient
advocacy groups. This hub would ensure that parents
are well-informed about privacy and consent issues, and
it would help researchers address ELSI challenges
effectively, promoting ethical and transparent
research practices.

Innovative NBS
Research Approaches

Design NBS research using a participatory
research model that involves parents and
communities in the design and
implementation of research studies ensuring
that their perspectives and needs are
considered, an incorporating
trauma-informed care to address emotional
impacts. Forming interdisciplinary research
teams that include ethicists, legal scholars,
sociologists, and community representatives
to address ELSI issues comprehensively.
Developing tools and methodologies to
assess the impact of ELSI considerations in
NBS programs, ensuring continuous
improvement and responsiveness to
emerging challenges.

Create councils consisting of patients and family
members affected by conditions identified through NBS
and NBS research. These councils would provide
insights into real-world impacts of screening programs
and help to guide ELSI policies and practices. Establish
a consortium called the “Participatory NBS Research
Consortium” that uses a participatory research model
involving parents and communities in the design and
implementation of NBS research. Activities focus on
engaging parents and community representatives in
research design, forming interdisciplinary teams with
ethicists, legal scholars, sociologists, and community
representatives and developing assessment tools for
ELSI impact. Researchers, community representatives,
ethicists, legal scholars, and sociologists would be
members. This consortium would ensure that research
studies are designed with input from those directly
affected, leading to more ethically sound and socially
acceptable research outcomes.
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Table 2. Cont.

Key Area Description Example(s)

Enhancing Social
Acceptance and
Engagement

Developing comprehensive education and
outreach programs to inform the public
about the benefits, risks, and ethical
considerations of newborn screening,
fostering a greater acceptance and informed
participation. Providing cultural competence
training for healthcare providers to ensure
sensitive and respectful communication with
families from diverse backgrounds. Creating
platforms for public engagement where
stakeholders, including parents, patient
advocacy groups, and the public, can discuss
and influence newborn screening policies
and practices.

Launch nationwide and worldwide campaigns to
educate the public about NBS research, focusing on ELSI
implications. Use multimedia platforms, community
events, and partnerships with advocacy groups to
research diverse audiences and create the “Newborn
Screening Education and Outreach Initiative”. Activities
include creating educational materials and campaigns,
cultural competence training for healthcare providers,
and establishing public engagement platforms for
discussion and policy influence. Collaborators include
healthcare providers, educators, patient advocacy
groups, and public health officials. This initiative would
foster a greater public understanding and acceptance of
NBS, ensure respectful and sensitive communication
with diverse families, and provide a forum for public
input on NBS policies.

Collaborative
Education Programs

With an expressed preference for interactive
and structured learning found in our survey,
supporting the establishment of seminars
and workshops. These would serve to
disseminate current ELSI practices and foster
a collaborative learning environment,
integrating patient advocacy groups in the
educational design to ensure
patient-relevant outcomes.

Establish dedicated research centers focused on
studying the ELSI aspects of NBS research. These
centers would conduct interdisciplinary research,
provide training for healthcare professionals, and offer
policy recommendations. Develop a series of seminars
and workshops called the “ELSI in NBS Seminar Series”
to disseminate current ELSI practices and foster a
collaborative learning environment. The format consists
of interactive sessions with case studies, panel
discussions, and breakout groups, co-designed with
patient advocacy groups to ensure relevance and impact.
Participants include researchers, clinicians, patient
advocates, legal experts, and ethicists. This seminar
series would promote ongoing education on ELSI issues,
facilitate collaboration across disciplines, and ensure
that patient perspectives are integrated into
educational efforts.

Digital Engagement
Platforms

Investments could be allocated towards
developing digital platforms for ELSI
education and discussion. These platforms
would encourage cross-disciplinary
collaboration and facilitate real-time dialogue
among researchers, clinicians, and
patient groups.

A dedicated online platform called the “Newborn
Screening ELSI Hub” could be developed to provide a
space for education and discussion around the ethical,
legal, and social implications of newborn screening. The
platform would include forums for real-time dialogue,
webinars hosted by experts in the field, interactive case
studies, and a repository of educational materials, such
as articles, videos, and guidelines. Researchers,
clinicians, ethicists, patient advocacy groups, and
parents could be the targeted users. This platform
would facilitate cross-disciplinary collaboration,
ensuring that diverse perspectives are considered in
ELSI discussions and decision-making processes.
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Table 2. Cont.

Key Area Description Example(s)

Ethics Consultation
Services

Recognizing the need for ongoing support in
navigating ethical complexities, programs
such as the Rare Diseases Clinical Research
Network (RDCRN) could establish a
consultative service within its consortia. This
service would be tasked with providing
expert advice on ethical considerations in
clinical trial design and implementation,
especially for rare diseases where the ethical
landscape can be particularly complex.

The Rare Diseases Clinical Research Network (RDCRN)
could establish an Ethical Consultation Unit within its
consortia to provide expert advice on ethical issues in
clinical trials, particularly those involving rare diseases.
The unit would offer consultations on trial design,
informed consent processes, data management, and the
handling of incidental findings. It would also provide
training sessions for researchers and support for
navigating ethical review boards. The unit would
comprise bioethicists, legal experts, patient advocates,
and experienced clinicians. This service would ensure
that ethical considerations are thoroughly addressed in
the planning and execution of clinical trials, enhancing
the integrity and acceptability of research projects.

Legal and Regulatory
Navigation Tools

Considering the diverse regulatory
environments encountered across research
sites, funding could be targeted to the
development of tools that aid rare disease
researchers in understanding and complying
with local and international regulations,
thereby ensuring the ethical conduct of rare
disease research.

The RDRN could be a comprehensive digital tool
designed to help researchers to understand and comply
with varying legal and regulatory requirements across
different regions. Interactive maps showing regulatory
landscapes, step-by-step guides for compliance,
templates for necessary documentation, and a database
of region-specific legal requirements and ethical
guidelines. Researchers, regulatory affairs specialists,
and clinical trial coordinators could be the targeted
users. By simplifying the navigation of complex legal
environments, the RDRN would facilitate smoother and
more ethically compliant research processes, reducing
delays and legal risks.

Data Sharing and
Privacy Initiatives

With big data playing an increasingly critical
role in research, funding could support the
creation of protocols and best practices that
ensure the ethical use and sharing of data,
while respecting patient privacy and the
specific confidentiality concerns associated
with rare diseases in the newborn
screening space.

Develop a “SecureDataShare Protocol” to ensure the
ethical use and sharing of data in newborn screening
research, with a strong emphasis on protecting patient
privacy. Key features include encryption standards for
data storage and transfer, protocols for anonymizing
sensitive information, consent management systems that
allow patients to control their data usage, and guidelines
for ethical data sharing practices. Collaborators could be
IT specialists, bioethicists, data protection officers, and
patient advocacy groups. This initiative would enhance
trust in research by ensuring that patient data are
handled with the highest ethical standards, while still
enabling valuable scientific collaborations.

Policy Development
and Advocacy

Developing comprehensive policy
frameworks that integrate ethical, legal, and
social considerations into all aspects of
newborn screening programs. Advocating
for sustained funding and resources to
support ELSI research and the
implementation of best practices in newborn
screening. Facilitating collaboration between
policymakers, researchers, healthcare
providers, and patient advocacy groups to
ensure that policies are well-rounded and
effectively implemented.

A task force dedicated to developing and advocating for
policies that integrate ethical, legal, and social
considerations into all aspects of newborn screening
programs. Activities include conducting policy analysis,
drafting policy recommendations, organizing advocacy
campaigns, and facilitating stakeholder meetings.
Members could be policymakers, researchers, healthcare
providers, patient advocates, and legal experts. This task
force would ensure that newborn screening programs
are guided by comprehensive, well-rounded policies
that reflect the needs and concerns of all stakeholders,
leading to more effective and ethically sound
screening practices.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijns10030064/s1, Supplementary Survey S1.
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