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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 ge-
nomics, potential benefits, and challenges of integrating genomic technology, and educational needs
for parents and other NBS stakeholders: Twelve focus groups were conducted, which included partic-
ipants 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.

Supplementary Materials: Supplementary materials can be found at https://www.mdpi.com/
article/10.3390/ijns8010011/s1.

Author Contributions: All authors contributed to the design and implementation of the research
and to the analysis of the results. A.J.G., R.P. and B.A.T. wrote the paper with input and edits from
A.G. and D.S. All authors have read and agreed to the published version of the manuscript.

Funding: Research reported in this publication was supported by the Health Resources and Services
Administration (HRSA), U.S. Department of Health and Human Services under award number
R40MC26805.

Institutional Review Board Statement: The subjects have given their written or verbal informed
consent and the study protocol was approved by the Case Western Reserve University Institutional
Review Board. IRB-2014-793 5/8/2014.

Informed Consent Statement: The subjects have given their written or verbal informed consent and
the study protocol. Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. National Institutes of Health. Genomic Sequencing and Newborn Screening Disorders (U19 Cooperative Agreement); National Institutes

of Health: Bethesda MD, USA, 2013.
2. Johnston, J.; Lantos, J.D.; Goldenberg, A.; Chen, F.; Parens, E.; Koenig, B.A.; Board, A.K. Sequencing newborns: A call for nuanced

use of genomic technologies. Hastings Cent. Rep. 2018, 48, S2–S6. [CrossRef] [PubMed]
3. Tarini, B.A.; Goldenberg, A.J. Ethical issues with newborn screening in the genomics era. Annu. Rev. Genom. Hum. Genet. 2012, 13,

81–93. [CrossRef]
4. Goldenberg, A.J.; Sharp, R.R. The ethical hazards and programmatic challenges of genomic newborn screening. JAMA 2011, 307,

461–462. [CrossRef] [PubMed]
5. Clayton, E.W. Currents in contemporary ethics. State run newborn screening in the genomic era, or how to avoid drowning when

drinking from a fire hose. J. Law Med. Ethics 2010, 38, 697–700. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijns8010011/s1
https://www.mdpi.com/article/10.3390/ijns8010011/s1
http://doi.org/10.1002/hast.874
http://www.ncbi.nlm.nih.gov/pubmed/30133723
http://doi.org/10.1146/annurev-genom-090711-163741
http://doi.org/10.1001/jama.2012.68
http://www.ncbi.nlm.nih.gov/pubmed/22298675
http://doi.org/10.1111/j.1748-720X.2010.00522.x
http://www.ncbi.nlm.nih.gov/pubmed/20880251


Int. J. Neonatal Screen. 2022, 8, 11 9 of 9

6. Sharp, R.R. Downsizing genomic medicine: Approaching the ethical complexity of whole-genome sequencing by starting small.
Genet. Med. 2011, 13, 191–194. [CrossRef]

7. Kwon, J.M.; Steiner, R.D. “I’m fine; I’m just waiting for my disease”: The new and growing class of presymptomatic patients.
Neurology 2011, 77, 522–523. [CrossRef]

8. Timmermans, S.; Buchbinder, M. Patients-in-waiting: Living between sickness and health in the genomics era. J. Health Soc. Behav.
2010, 51, 408–423. [CrossRef]

9. Comeau, A.M.; Parad, R.B.; Dorkin, H.L.; Dovey, M.; Gerstle, R.; Haver, K.; Lapey, A.; O’Sullivan, B.P.; Waltz, D.A.; Zwerdling,
R.G.; et al. Population-based newborn screening for genetic disorders when multiple mutation DNA testing is incorporated: A
cystic fibrosis newborn screening model demonstrating increased sensitivity but more carrier detections. Pediatrics 2004, 113,
1573–1581. [CrossRef]

10. Goldenberg, A.J.; Dodson, D.S.; Davis, M.M.; Tarini, B.A. Parents’ interest in whole-genome sequencing of newborns. Genet. Med.
2014, 16, 78–84. [CrossRef]

11. Ceyhan-Birsoy, O.; Murry, J.B.; Machini, K.; Lebo, M.; Yu, T.; Fayer, S.; Genetti, C.A.; Schwartz, T.S.; Agrawal, P.B.; Parad, R.B.;
et al. Interpretation of Genomic Sequencing Results in Healthy and Ill Newborns: Results from the BabySeq Project. Am. J. Hum.
Genet. 2019, 104, 76–93. [CrossRef]

12. Knoppers, B.M.; Sénécal, K.; Borry, P.; Avard, D. Whole-genome sequencing in newborn screening programs. Sci. Transl. Med.
2014, 6, 229cm2. [CrossRef] [PubMed]

13. Bodian, D.L.; Klein, E.; Iyer, R.K.; Wong, W.S.W.; Kothiyal, P.; Stauffer, D.; Huddleston, K.C.; Gaither, A.D.; Remsburg, I.;
Khromykh, A.; et al. Utility of whole-genome sequencing for detection of newborn screening disorders in a population cohort of
1696 neonates. Genet. Med. 2016, 18, 221. [CrossRef] [PubMed]

14. Bombard, Y.; Miller, F.A.; Hayeems, R.Z.; Barg, C.; Cressman, C.; Carroll, J.C.; Wilson, B.J.; Little, J.; Avard, D.; Painter-Main, M.;
et al. Public views on participating in newborn screening using genome sequencing. Eur. J. Hum. Genet. 2014, 22, 1248. [CrossRef]
[PubMed]

15. National Coordinating Center for the Regional Genetic and Newborn Screening Service Collaboratives. About Us. 2013. Available
online: http://www.nccrcg.org/AM/Template.cfm?Section=About3 (accessed on 15 July 2021).

16. Denzin, N.; Lincoln, Y. Handbook of Qualitative Research, 2nd ed.; Sage Publications: Thousand Oaks, CA, USA, 2000.
17. Dedoose. Available online: http://www.dedoose.com (accessed on 12 October 2021).
18. Cornel, M.C.; Rigter, T.; Weinreich, S.S.; Burgard, P.; Hoffmann, G.F.; Lindner, M.; Loeber, J.G.; Rupp, K.; Taruscio, D.; Vittozzi, L.

A framework to start the debate on neonatal screening policies in the EU: An Expert Opinion Document. Eur. J. Hum. Genet. 2014,
22, 12–17. [CrossRef]

19. Tarini, B.A. The current revolution in newborn screening: New technology, old controversies. Arch. Pediatr. Adolesc. Med. 2007,
161, 767–772. [CrossRef]

20. Tarini, B.A.; Christakis, D.A.; Welch, H.G. State newborn screening in the tandem mass spectrometry era: More tests, more
false-positive results. Pediatrics 2006, 118, 448–456. [CrossRef]

21. Kemper, A.R.; Uren, R.L.; Moseley, K.L.; Clark, S.J. Primary care physicians’ attitudes regarding follow-up care for children with
positive newborn screening results. Pediatrics 2006, 118, 1836–1841. [CrossRef]

22. McCandless, S.E.; Chandrasekar, R.; Linard, S.; Kikano, S.; Rice, L. Sequencing from dried blood spots in infants with “false
positive” newborn screen for MCAD deficiency. Mol. Genet. Metab. 2013, 108, 51–55. [CrossRef]

23. Genetic Alliance. Beyond Bloodspot: How Will Emerging Technologies Shape Detection & Clinical Care? 2013. Available
online: http://beyondbloodspot.eventbrite.com/?utm_source=Genetic+Alliance+Announcements+and+Newsletters&utm_
campaign=84c008278e-Beyond_the_Bloodspot_Summit7_29_2013&utm_medium=email&utm_term=0_182db72825-84c00827
8e-67666581 (accessed on 15 July 2021).

24. Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD). Newborn Screening in the
Genomic Era: Setting a Research Agenda. 2010. Available online: http://www.nichd.nih.gov/sites/default/files/about/
meetings/2010-retired/Documents/Newborn_Research_Agenda.pdf (accessed on 12 October 2021).

25. Botkin, J.R.; Clayton, E.W.; Fost, N.C.; Burke, W.; Murray, T.H.; Baily, M.A.; Wilfond, B.; Berg, A.; Ross, L.F. Newborn screening
technology: Proceed with caution. Pediatrics 2006, 117, 1793–1799. [CrossRef]

26. American Academy of Pediatrics Newborn Screening Authoring Committee. Newborn screening expands: Recommendations
for pediatricians and medical homes—implications for the system. Pediatrics 2008, 121, 192–217. [CrossRef]

27. Stoddard, J.J.; Farrell, P.M. State-to-state variations in newborn screening polices. Arch. Pediatr. Adolesc. Med. 1997, 151, 561–564.
[CrossRef] [PubMed]

28. McCann, P.J. Agency discretion and public health service delivery. Health Serv. Res. 2009, 44, 1897–1908. [CrossRef] [PubMed]

http://doi.org/10.1097/GIM.0b013e31820f603f
http://doi.org/10.1212/WNL.0b013e318228c15f
http://doi.org/10.1177/0022146510386794
http://doi.org/10.1542/peds.113.6.1573
http://doi.org/10.1038/gim.2013.76
http://doi.org/10.1016/j.ajhg.2018.11.016
http://doi.org/10.1126/scitranslmed.3008494
http://www.ncbi.nlm.nih.gov/pubmed/24670681
http://doi.org/10.1038/gim.2015.111
http://www.ncbi.nlm.nih.gov/pubmed/26334177
http://doi.org/10.1038/ejhg.2014.22
http://www.ncbi.nlm.nih.gov/pubmed/24549052
http://www.nccrcg.org/AM/Template.cfm?Section=About3
http://www.dedoose.com
http://doi.org/10.1038/ejhg.2013.90
http://doi.org/10.1001/archpedi.161.8.767
http://doi.org/10.1542/peds.2005-2026
http://doi.org/10.1542/peds.2006-1639
http://doi.org/10.1016/j.ymgme.2012.10.016
http://beyondbloodspot.eventbrite.com/?utm_source=Genetic+Alliance+Announcements+and+Newsletters&utm_campaign=84c008278e-Beyond_the_Bloodspot_Summit7_29_2013&utm_medium=email&utm_term=0_182db72825-84c008278e-67666581
http://beyondbloodspot.eventbrite.com/?utm_source=Genetic+Alliance+Announcements+and+Newsletters&utm_campaign=84c008278e-Beyond_the_Bloodspot_Summit7_29_2013&utm_medium=email&utm_term=0_182db72825-84c008278e-67666581
http://beyondbloodspot.eventbrite.com/?utm_source=Genetic+Alliance+Announcements+and+Newsletters&utm_campaign=84c008278e-Beyond_the_Bloodspot_Summit7_29_2013&utm_medium=email&utm_term=0_182db72825-84c008278e-67666581
http://www.nichd.nih.gov/sites/default/files/about/meetings/2010-retired/Documents/Newborn_Research_Agenda.pdf
http://www.nichd.nih.gov/sites/default/files/about/meetings/2010-retired/Documents/Newborn_Research_Agenda.pdf
http://doi.org/10.1542/peds.2005-2547
http://doi.org/10.1542/peds.2007-3021
http://doi.org/10.1001/archpedi.1997.02170430027005
http://www.ncbi.nlm.nih.gov/pubmed/9193238
http://doi.org/10.1111/j.1475-6773.2009.01010.x
http://www.ncbi.nlm.nih.gov/pubmed/19686253

	Introduction 
	Methods 
	Participants 
	Discussion Groups 
	Data Analysis 

	Results 
	Participant Characteristics 
	Benefits of Using NGGS in NBS 
	Challenges of Using NGGS in NBS 
	Low Genetic Literacy among Public and Providers 

	Discussions and Conclusions 
	References

