1.APPENDIX: Literature Synopsis for each
decision point

The cited articles are listed here. These articles were those identified by a scoping review of
the genomic newborn screening (gNBS) field conducted in July 2025 (NOTE: scoping review
will be published separately).

Note: these summaries were written by Claude (an Al), based on over 500 provided PDFs.
Each summary has been checked, and, where appropriate, edited, by humans, including at
least one expert in the field. Nonetheless, there may be errors, and these syntheses should
be taken as an orientation to the existing literature on each decision point only.

1: How should the perspectives and preferences of families,
both with and without children with rare genetic conditions, and
from varied backgrounds, be included in program design?

Two-Sentence Summary:

Implementation of genomic newborn screening programs requires meaningful engagement
with a range of diverse families and stakeholders to ensure programs are culturally
appropriate, equitable, and meet community needs. Current evidence indicates significant
limitations in representation of diverse populations in research, program design, and
implementation. This suggests a need for more inclusive approaches like community review
boards and consultations that actively incorporate perspectives from varied racial, ethnic,
socioeconomic, and cultural backgrounds, including both families with and without
experiences of rare genetic conditions.

Extended Synthesis:

ELSI at Stake:

- Equity and representation in program design and implementation [194, 187, 463]
- Cultural sensitivity and respect for diverse values and beliefs [240, 143]

- Balance between medical expertise and community perspectives [294, 472]

- Trust building with historically marginalized communities [472, 440]

- Public acceptance and program sustainability [466, 289]

Arguments:

- Programs must be designed with rather than for communities to ensure acceptability and
effectiveness [472, 440, 249]

- Diverse stakeholder engagement is essential for maintaining public trust and high
participation rates [494, 478]

- Cultural and religious values significantly affect program implementation and must be
considered [488, 240]
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- Traditional expert-driven approaches may fail to account for important community
perspectives [132, 517]
- Parent/family expertise is uniquely valuable for understanding impacts of screening [293,

447]

Empirical Evidence:

- Most research on genomic screening has predominantly included white, educated, higher
socioeconomic status participants [346, 343, 163]

- Language barriers significantly affect participation rates, with non-English/Spanish
speakers six times more likely to decline participation [218]

- Studies show different attitudes toward genetic testing across cultural groups [159, 358]

- Parents from diverse backgrounds strongly support expanded screening but have concerns
about privacy and follow-up care [377]

- Low recruitment rates in studies suggest need for better engagement approaches [313,
449]

Proposed Solutions:

- Development of community advisory boards with diverse representation [440, 472]
- Cultural competency training for healthcare providers [347, 218]

- Multi-language educational materials and communication strategies [174, 240]

- Structured public dialogue processes [210, 249]

- Partnership with community organizations and leaders [331, 478]

Implemented Solutions:

- BabySeq2 project created community advisory board with diverse members from three
enrollment cities [440]

- Generation Study (UK) conducted extensive consultations with public, patient groups and
experts [517]

- Screend4Care project implemented two-cycle review process including patient advisory
board [483]

- Early Check program working to assess values and priorities of diverse stakeholders in
future research by utilizing the patients, parents, and public health professionals. [24]

- GUARDIAN study providing multilingual information materials and trained staff [174]
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2: How should the voice of the child be incorporated in program
design?

Two Sentence Summary:

The literature extensively discusses the ethical tension between parental proxy
decision-making and preserving the child's future autonomy in genomic newborn screening
(gNBS). A key challenge is balancing the potential benefits of early detection and
intervention against the child's right to an open future and their ability to make informed
decisions about their genetic information when they reach maturity.

Extended Synthesis:

ELSI at stake:

- Child's right to an open future vs. parental authority in medical decision-making [30, 82, 83,
192, 222, 228, 466]

- Child's right to autonomy and self-determination vs. potential medical benefits [82, 505]

- Child's right not to know genetic information vs. parental desire for comprehensive testing
188, 252, 282]

- Tension between viewing children as autonomous persons vs. belonging to parents [279,
509]

Arguments:

Protecting Child's Autonomy:

- Children should have the right to decide whether and when to learn genetic information
about themselves [83,192]

- Testing for late-onset conditions violates the child's future right not to know [466, 505]

- Parents cannot legitimately consent to procedures that might reveal information affecting
their child's adult life [228, 282]

Supporting Earlier Testing:

- Early detection and intervention can provide significant medical benefits [30, 505]

- Parents are responsible for child welfare and should have authority to make medical
decisions [126, 195]

- Knowledge can enable better preparation and planning for conditions [505]

Empirical Evidence:

Studies with Young Adults/Children:

- Young adults generally prefer limiting results to treatable childhood-onset conditions [505]

- Children tend to favor broader disclosure of results and trust healthcare professionals more
[505]

- Some young adults express concern about parents making decisions that impact their adult

lives [505]

Parent/Family Perspectives:
- Parents report minimal psychological impact when genetic risk information is disclosed to
children at age 12 [354]
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- Parents struggle with balancing their desire for information against preserving child
autonomy [349, 350]

Proposed Solutions:

1. Age-based genomic screening (ABGS) approach:

- Gradually introduce genetic information as children develop [192]

- Allow children to participate in decision-making as they mature [195]

2. Policy/Guidelines:
- Limit testing to conditions with childhood onset and available treatments [466]
- Develop clear guidelines for balancing child and parental interests [30]

3. Educational/Communication:
- Design age-appropriate information disclosure [505]
- Provide support for families in communicating genetic information [354]

4. Procedural:

- Include mechanisms for transferring data ownership to children when they mature [222,
509]

- Create processes for children to provide assent when appropriate [192]

Implemented Solutions:
The extracted literature does not describe any implemented solutions specifically addressing
how the voice of the child has been incorporated into existing gNBS programs.
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3: How should the perspectives of the general public be
included in program design?

Two-Sentence Summary:

Public engagement in gNBS program design is crucial for maintaining trust, ensuring
acceptability, and achieving high participation rates. Evidence suggests that public
perspectives can evolve through deliberative processes and vary by context. Implementers
should refer to existing evidence and recommendations, and consider using multiple
engagement approaches (like public dialogues, citizens’ juries, focus groups, and surveys)
while ensuring representation from diverse stakeholder groups, including parents, minority
communities, and healthcare providers.

Extended Synthesis:

ELSI at Stake:

- Tension between public health benefits and individual/community perspectives [4, 16, 17]
- Need to balance expert decision-making with broader stakeholder input [24, 63]

- Public trust vs. technological advancement [311]

- Cultural sensitivity vs. universal standards [331]

- Privacy concerns vs. program implementation [293]

Arguments:

Supportive:

- Public engagement is foundational to program success and acceptance [213, 240, 313,
524]

- Diverse stakeholder input helps ensure equitable implementation [249]

- Public dialogue enhances transparency and trust [279]

Critical:

- Political polarization and social media could threaten public trust [311]

- Risk of undermining existing screening programs if public concerns aren't addressed [249]
- Challenge of balancing multiple stakeholder perspectives [294]

Empirical Evidence:

- Studies show variable public willingness to participate in genomic screening vs. traditional
screening [30, 404]

- Deliberative engagement leads to more nuanced public attitudes [63]

- Public attitudes differ between supporting availability and personal use intention [63]

- Political orientation does not significantly influence attitudes toward gNBS [343]

- Cost is a major factor in public acceptance [403]

Proposed Solutions:

- Multi-modal engagement approaches (surveys, focus groups, citizen juries) [249]

- Deliberative engagement processes that provide information and allow discussion [63]
- Public education programs about genetics and genomics [12, 240]

- Ongoing dialogue between stakeholders [450]
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Implemented Solutions:

- UK Newborn Genomes Programme conducted national public dialogue regarding the
ethicality of genome sequencing to non-curable or non-treatable conditions based on public
perception and harm [210, 476]

- BabyScreen+ in Australia using focus groups, surveys and discreet choice experiments
[391, 403]

- Generation study in UK conducted extensive public dialogue, stakeholder consultations,
community advisory boards, and questionnaires [157]

Note: The implementation examples are relatively limited in the extracted literature,
suggesting a need for more reporting of real-world engagement strategies.
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4: How should healthcare providers be included in design to
ensure implementation feasibility?

Two Sentence Summary:

Healthcare provider involvement in gNBS design is crucial for successful implementation,
with evidence indicating that providers have more cautious attitudes than the public and face
significant challenges around workforce capacity, knowledge gaps, and workflow integration.
Implementers must carefully consider both technical aspects (like system integration and
workflow automation) and social aspects (like provider education and engagement
strategies), while ensuring representation from diverse provider types including primary care,
managing specialists, and genetics professionals.

Extended Synthesis:

ELSI at Stake:

- The core ethical and social issues involve balancing provider autonomy and expertise with
implementation feasibility [246,388], ensuring adequate workforce capacity while maintaining
quality care [167,246,480], and managing the tension between technological advancement
and clinical practicality [7,32,482].

- There are also concerns about healthcare access inequality and implementation barriers
across diverse populations [32,370].

Arguments:

- Proponents argue that healthcare provider engagement is essential for successful
implementation [169,187,249], with emphasis on the need for interdisciplinary collaboration
[242,480] and provider input in program design [63,246].

- Critics highlight concerns about workforce capacity constraints [167,246] and the need to
maintain professional autonomy alongside technological advancement [388].- Some argue
for the importance of primary care provider involvement [385], while others emphasize the
need for specialist expertise [422]. There is general agreement that implementation requires

careful consideration of provider perspectives and workflow integration [246,482].

Empirical Evidence:

Studies show that healthcare providers generally have more cautious attitudes toward gNBS
than the public [207,363]. Survey data indicates significant generational differences, with
younger providers more likely to support genomic screening [363].

Research has identified several implementation challenges:
- Workforce capacity and training gaps [167,246]

- System integration and workflow impacts [246,388]

- Variable provider confidence in delivering results [385]

- Different perspectives between provider types [523]

Proposed Solutions:
Technical/Procedural:
- Workflow automation and system integration [371,388]
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- Standardized training and result delivery protocols [246
- Development of care coordination procedures between pediatricians and specialists to
provide ongoing integrated care [363]

Educational:

- Provider education programs [32,252]

- Decision support tools [214]

- Cross-professional education initiatives [523]

Policy/Institutional:

- Multi-stakeholder working groups [65,187]
- Phased implementation approaches [482]
- Professional guideline development [289]

Implemented Solutions:

Several programs have implemented specific approaches:

- BabyScreen+ uses theory-informed interviews of a variety of healthcare professionals to
identify implementation barriers [391]

- Ontario Newborn Screening adopted a multi-step policy development process and
providers identified barriers to educating parents. [266]

- The China Neonatal Genomes Project established a network of participating hospitals [392]
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5. How should policy-makers be included in design to help
assess feasibility and optimize implementation?

Two Sentence Summary

Policy-maker involvement in genomic newborn screening (gNBS) design is essential for
addressing systemic barriers, ensuring adequate infrastructure, and aligning programs with
health system priorities and regulatory frameworks. Implementers must engage
policy-makers early in design to address governance gaps, resource constraints,
cross-jurisdictional coordination challenges, and health equity concerns, while balancing
standardization with local adaptation and innovation with evidence requirements.

Extended Synthesis

ELSI at Stake

- The core governance challenges involve fragmented state-based programs lacking
[33,195,287,289], and the complex intersection of technology with politics, ethics, and
resource constraints [190].

- Feasibility issues include inadequate assessment of health system capacity
[187,192,194,323], laboratory and workforce constraints [323,394], and insufficient follow-up
care infrastructure, particularly in low-resource settings [4,5,268,269].

- Health equity concerns include geographic disparities in access [187,194,268,269], and the
risk that screening without adequate follow-up infrastructure exacerbates inequities

[4,5.269].

- Resource and policy challenges encompass chronically underfunded programs

tension between standardization and innovation [187,194,287,289,323].

Arguments

- Proponents argue that policy-makers must be involved from earliest design stages
[187,192,194,287,289], with coordinated federal-state partnerships [26,187] and clear
governance structures [33,195,287,394].

- There is strong consensus that feasibility assessment and resource planning must be
integrated into program design from the beginning [38,187,192,194,323], with sustainable
funding mechanisms [26,29,190,194,268].

- Advocates emphasize that policy-maker involvement is essential for ensuring equitable
program design [4,5,8,9,187,194,268,269] and enabling cross-jurisdictional coordination
while respecting local autonomy [26,187,194,289].

- Critics note that programs dominated by disease-specific experts without policy-maker
input may not reflect societal values [23,192,287], and that policy-makers must reconsider
traditional evidence requirements in the genomic context [192,287,289].

Empirical Evidence

- Limited empirical evidence exists, with most studies being descriptive. Key findings include
fragmented state programs with variation in panels, care, and funding due to inadequate
policy coordination [26,187,194]; chronically underfunded programs slow to implement new
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technologies [194]; screening without adequate follow-up care exacerbating health inequities
[4,5]; resource constraints prioritizing other health needs in low-income settings [268,269];
and lacking explicit public policies on genomics [394].

Proposed Solutions

Governance/Coordination:

- Establish formal governance structures with policy-maker representation and advisory
bodies [33,195,287,394]

- Create federal-state partnerships with funding and guidance [26,187]

- Develop transparent decision-making processes [287,289]

Feasibility/Resources:

- Conduct systematic feasibility assessments of infrastructure, workforce, and data
governance [38,187,192,323]

- Develop sustainable funding models and phased implementation approaches
[26,187,190,194]

- Assess follow-up care capacity across jurisdictions [4,5,187]

Policy Frameworks:

- Develop explicit public health genomics policies and data governance frameworks
[38,79,394]

- Establish quality standards balancing rigor with feasibility [323]

- Create mechanisms for cross-jurisdictional coordination [26,187,194,289]

Equity/Implementation:

- Ensure adequate follow-up infrastructure before expansion [4,5]

- Address geographic disparities through policy interventions [187,269]

- Integrate genomic screening with existing health systems [4,5,190,394]
- Adapt programs to cultural contexts [67,287]

Implemented Solutions

- Arabian Peninsula: Government funding for premarital screening [67]
- Research programs: GUARDIAN [38], Newborn Genome Project [150]
- China: Facility requirements for genetic screening [323]
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6: Should commercial/industry partners be involved in program
design, and if so, how should conflicts be managed?

Two-Sentence Summary:

Commercial involvement in genomic newborn screening presents both opportunities
(accelerating therapeutic development, addressing funding gaps) and significant risks (equity
concerns, conflicts of interest, data privacy, technology-led rather than needs-led
implementation, screening decisions driven by commercial imperatives). The literature
emphasizes the need for careful oversight and governance structures, as well as the
importance of transparency, to manage commercial partnerships while maintaining public
health priorities and protecting against the creation of two-tier systems based on knowledge
and ability to pay.

Extended Synthesis:

ELSI at stake:

- Balance between leveraging commercial resources/expertise and maintaining public health
(particularly screening) priorities [27, 94, 169]

- Equity concerns regarding access to testing and creation of two-tier systems [269]

- Data privacy and ownership when sharing genetic information with commercial entities
[415, 525]

- Conflicts of interest in program design (e.g. screening criteria) and implementation [27,
191]

Arguments:

Supportive:

- Partnerships with drug companies can help accelerate the development of drugs for rare
diseases [120, 27]. This can be via addressing funding gaps, and via identifying patients who
could potentially benefit from drugs in development or newly developed.

- Pre-competitive consortiums can enable beneficial collaboration while managing conflicts
[120]

Critical:

- Commercial interests may drive premature adoption before clinical utility is established [94,
247]

- Commercial providers may fragment services and worsen health disparities [169, 269]
Empirical Evidence:

- European expert consensus supports public funding over out-of-pocket payments, with
potential industry engagement [464]

Proposed Solutions:

- Assess and, where necessary, augment relevant regulatory frameworks for the use of
gNBS [191]

- Establish public-private partnerships with proper oversight mechanisms [27, 120]

- Create pre-competitive consortiums with open membership [120]
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- Maintain genomic NBS as public health intervention rather than as a commercial service

[214]

Implemented Solutions:

- BeginNGS program created an open, public-private, pre-competitive consortium with
academic, industry, and parent stakeholders [120]

- Historical example from France of successful public-private partnership with Evian in
establishing newborn screening [279]
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7. If the study is a research project, will there be a separate
research and clinical consent?

Two-Sentence Summary:

The literature suggests significant tension between research and clinical care paradigms in
genomic newborn screening, with different consent requirements traditionally applied to each
domain. Key considerations include whether combining research and clinical consent could
reduce participation rates and burden on parents, versus whether separate consent
processes are needed to ensure clarity about different uses of genomic data and maintain
public trust.

Extended Synthesis:

ELSI at stake:

- Tension between research and clinical uses of genomic data, raising questions about
appropriate consent models [411, 469, 471]

- Privacy concerns and data protection for stored samples and genomic information [163,
396, 463]

- Risk of undermining public trust in newborn screening programs if research uses aren't
clearly distinguished [411, 476]

- Administrative burden and potential reduction in participation rates with multiple consent
processes [82, 144, 306]

Arguments:

Supporting separate consent:

- Research and clinical care have fundamentally different aims and ethical frameworks [147,
222]

- Clear separation helps maintain transparency and public trust [411, 476]

- Research consent requires more detailed information about future uses [282, 306]

Supporting combined consent:

- Reducing administrative burden and complexity for parents [144, 219]

- Maintaining high participation rates [308]

- Integration of research and clinical care may be inevitable for rare diseases [471]

Empirical Evidence:

- BabySeq Project faced challenges with parental enroliment when requiring extensive
research consent [54, 136]

- Survey of genetic counselors showed concerns about obtaining proper informed consent
for both purposes [205]

- Hong Kong study showed parents and healthcare providers have significant privacy
concerns about research use of samples [396]

Solutions (Proposed):

- Multi-tiered consent processes separating mandatory screening from optional research
participation_[248, 308]
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- Electronic consent platforms to streamline process while maintaining clarity [134, 141]
- Pre-birth education and consent to reduce burden during newborn period [349, 356]

Solutions (Implemented):

- BabySeq Project: Modified protocol to simplify consent requirements after low enroliment
[441]

- SEQaBOO study: Offers separate enrollment options for clinical results versus research
participation [198]

- Early Check program: Electronic education and consent platform for the research and
clinical components as one, with options to get more information about each component
[134]

- Danish Neonatal Screening Biobank: Uses passive consent for screening [235]

- BabyScreen+: Used an online digital platform for education and consent with research and
clinical consent kept separate [391].

The synthesis reveals this as a complex issue without clear consensus, though there

appears to be movement toward tiered or flexible consent processes that maintain distinction
between clinical and research uses while minimizing burden on families.
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8: When will consent be obtained?

Two Sentence Summary:

The timing of consent for genomic newborn screening (gNBS) presents a critical tension
between obtaining truly informed parental decisions and maintaining program feasibility. Key
considerations include balancing the emotional and practical challenges of the immediate
postpartum period against the need for timely sample collection, with most literature
suggesting that prenatal engagement about gNBS, with confirmation of consent after birth,
may be optimal.

Extended Synthesis:

ELSI at Stake:

- Tension between parental autonomy (informed decision-making) and public health benefits
(timely screening and high participation) [311, 244, 306]

- Challenge of ensuring parents can make genuinely informed decisions while managing
time constraints around birth [149, 214]

- Balancing comprehensiveness of consent process with practical implementation feasibility
[167, 391]

- Rights of the child who cannot directly consent [223, 486]

- The health rights of the asymptomatic but at-risk child to be screened and found [222]

Arguments:

Supporting prenatal consent:

- Parents are less stressed and have more capacity to process information [89, 349. 347]
- Allows time for questions and deliberation [56, 246]

- More conducive to thoughtful decision-making [304]

- Baby Beyond Hearing: approached parents mostly when their infant was between 3-9
months old, with lower uptake with additional findings for infants under 3 months.

Critical perspectives:

- The immediate postpartum period is problematic for complex decisions [144, 354]

- As children cannot consent themselves at the time of sequencing and parental consent is
difficult with uncertain results, getting informed consent isn’t ideal regardless [212]

- Current approaches often fail to achieve truly informed consent [393]

Empirical Evidence:

Studies showing challenges with postpartum timing:

- Parents report feeling overwhelmed and unable to process information [67, 89]

- Lower uptake of additional genomic information for parents of infants <3 months [159, 386]
- Poor recall of consent discussions in immediate postpartum period [507]

Studies supporting prenatal approach:

- Parents express preference for prenatal information [347, 402]
- Higher satisfaction with prenatal education [246]
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- Better understanding when information provided during pregnancy [65]

Proposed Solutions:

- Two-stage consent process with prenatal education and postnatal confirmation [214, 246,
393]

- Online education modules during pregnancy [295]

- Extending timeframe for consent beyond immediate postpartum period [441]

- Multiple formats and channels for information delivery [56]

Implemented Solutions:

- BabySeq Project: Following a pPre-enroliment information session and
consent-understanding survey with two-week period for consideration [441]

- BabyScreen+: Consent during third trimester with window extending to 2 weeks post-birth.
Consent is done online following study invitation and a check in occurs 4 weeks prior to their
due date [391]

- Baby Beyond Hearing: Consent obtained within 3 months of birth after genetic counseling
[159]

- BabyDetect: Pre-delivery information with post-birth and pre-sample collection digital
consent [371]
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9: If conventional NBS uses a model of explicit consent, what
are the considerations for making gNBS a separate versus
combined consent?

TWO SENTENCE SUMMARY:

The literature suggests that implementing genomic newborn screening (gNBS) may require
a different consent model than conventional NBS, with many authors advocating for
separate and more explicit consent processes for genomic testing and long-term storage of
genomic data. The key considerations — beyond legal requirements — include balancing the
need for robust informed consent for generating and storing genomic information against
maintaining program feasibility, with some authors proposing hybrid or tiered approaches
that maintain current consent practices for traditional NBS while requiring explicit consent for
additional genomic testing or screening. The literature focuses mostly on consent practices
within research settings, so more research is needed for public health settings.

EXTENDED SYNTHESIS:

ELSI AT STAKE:

- The core ethical tension is between respecting parental autonomy through explicit consent
for genomic testing versus maintaining the public health benefits of universal screening
through simpler consent processes [26, 248, 390].

- There are also practical concerns about program implementation and efficiency if separate
consent processes are required [360, 417].

ARGUMENTS:

Several authors argue that genomic testing requires more extensive consent than traditional
NBS due to:

- The broader implications and complexity of genomic information [30, 35, 308]

- The need for greater transparency and parental understanding [142, 329]

- Privacy concerns specific to genetic data [324]

Counter-arguments include:

- The risk that separate consent processes could reduce participation rates and threaten
universal screening [307, 324]

- Additional administrative burden and complexity [360]

- Potential confusion from having different consent processes [151]

EMPIRICAL EVIDENCE:

Studies show:

- Survey of healthcare professionals found varying opinions on consent approaches, with
most supporting either opt-in or opt-out rather than mandatory screening for genomic testing
[65]

- BabySeq Project found parents and clinicians felt differently about consent requirements
for traditional NBS vs genomic sequencing [357]
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- Lower acceptance rates observed for genomic screening compared to traditional NBS in
some studies [491]

PROPOSED SOLUTIONS:

Several approaches have been suggested:

1. Two-tiered consent system:

- Maintain current consent practices for traditional NBS

- Require explicit consent for genomic testing [248, 329, 348]

2. Enhanced education and information provision:
- Digital decision aids [360]

- Standardized consent processes [417]

- Pre-test counseling [35]

IMPLEMENTED SOLUTIONS:

Few implementations are documented in these extracts, but:

- The NC NEXUS study implemented a tiered informed consent process [155]

- The Early Check program uses informed consent for additional screening beyond
mandatory NBS [313]

- The BabyScreen+ had completely separate consent, conducted using an online platform in
the participant’s third trimester [391]
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10: If conventional NBS is not explicitly consented, what are the
considerations for making gNBS explicitly consented versus
not?

Summary:

The literature reveals a fundamental tension between traditional newborn screening's opt-out
approach (widely adopted, with the justification of clear and immediate benefit to the child)
and arguments that genomic sequencing requires explicit informed consent due to its
broader implications and uncertain benefits. Implementers must carefully weigh the
justifications for implied consent against respecting parental autonomy through explicit
consent, while considering that genomic information has different implications than
traditional screening, including potential storage of data not relevant to screened for
conditions.

Extended Synthesis:

ELSI at Stake:

244, 306]

- Privacy concerns and future implications of genetic data [35, 282, 324]

- Balance between universal screening coverage and informed decision-making [82, 282]

- Legal and ethical basis for mandatory screening vs. consent requirements [247, 463, 519]

Arguments:

Pro-Explicit Consent:

- Genomic information has broader implications beyond immediate health benefits [282, 463]
- Traditional justification for mandatory screening doesn't apply to genomic findings [514]

- Parents should have choice about receiving genetic information [247, 297]

Pro-Implied Consent:

- High participation rates are crucial for public health benefits [164, 241]
- Administrative burden of explicit consent could reduce access [166]

- Some conditions still warrant mandatory screening approach [248, 329]

Empirical Evidence:

- Studies show parents prefer explicit consent for genomic screening but support implied
consent for traditional NBS [343, 403]

- California pilot program showed reduced participation with explicit consent requirement
[164]

- BabySeq Project found different levels of support for mandatory traditional NBS versus
genomic screening [357]

- Survey data indicates majority of public prefers opt-in consent for genomic screening [403,
404]

Proposed Solutions:
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- Two-tiered approach: maintain implied consent for traditional screening while requiring
explicit consent for genomic components [248, 329, 348]

- Digital consent tools to streamline process while maintaining informed choice [166]

- Obtaining consent during pregnancy rather than postpartum period [149]

- Standardized consent processes with comprehensive education [166, 417]

Implemented Solutions:

- NC NEXUS project implemented tiered informed consent process [155]

- BabySeq Project used explicit consent model [343, 357]

- Early Check program obtains informed consent for additional screening beyond mandatory
panel [313]

The literature suggests that implementers should carefully consider hybrid approaches that

preserve high participation rates for core conditions while allowing more parental choice for
genomic findings.
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11: What constitutes appropriate parent information resources
for gNBS?

TWO SENTENCE SUMMARY:

The literature extensively discusses the need for engagement materials that balance the
need for clear, informative and accessible information and decision aids, while avoiding
information overload. Key considerations include the legal minimum requirements for
informed consent, timing of information delivery (preferably during pregnancy), multiple
formats and channels of delivery, accommodation of varying health literacy levels, and
cultural sensitivity, with particular attention needed for complex genomic concepts and
managing parental expectations about results.

EXTENDED SYNTHESIS:

ELSI AT STAKE:

- The primary ethical tension lies between providing sufficient information for truly informed
consent versus maintaining program efficiency and high participation rates [438, 476]. This
intersects with social justice concerns about ensuring equitable access to information across
different educational, cultural, and socioeconomic backgrounds [240, 122, 174].

- There are also ethical considerations around managing parental expectations and anxiety,
particularly regarding uncertain or unexpected results [213, 349].

ARGUMENTS:

- Several authors argue that traditional approaches to informed consent may be inadequate
for genomic screening given the complexity of information [222, 466].

- There is debate about whether detailed technical information about genomic sequencing is
necessary or if focusing on outcomes and implications is more appropriate [246].

- Some argue that digital tools and decision aids are essential for scaling programs [403],
while others warn about potential disparities this could create [246].

EMPIRICAL EVIDENCE:

Multiple studies show parents have varying information needs and preferences:

- Studies find parents prefer receiving initial information from trusted healthcare providers
[398, 396]

- Research shows timing is crucial, with many parents preferring prenatal education [261.
347]

- Studies demonstrate that greater understanding of genomic information can actually
decrease participation willingness [404]

- Evidence indicates values clarification exercises in decision aids can improve
decision-making, particularly for those with lower health literacy [502, 503]

- Research shows parents often have misconceptions about genomic information and tend
to overestimate both actionability and severity [350]

PROPOSED SOLUTIONS:

Common recommendations include:
- Providing information through multiple channels and formats [134, 174]
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- Using plain language principles while allowing access to more detailed information [432]
- Developing culturally sensitive materials in multiple languages [174]

- Implementing prenatal education programs [261, 347]

- Using values clarification exercises in decision aids [502, 503]

IMPLEMENTED SOLUTIONS:

Several programs have implemented specific approaches:

- BabySeq Project: Multi-step consent process including pre-enroliment information session
with genetic counseling that discusses results, risk, and benefits, and consent understanding
questions [441]

- Generation Study: Layered information delivery with digital consent platform provides
leaflets, posters, decision aids, information sheets, letters, and a website for varied learning
needs. [89]

- NC NEXUS: Interactive decision aid with values clarification exercises [432]

- Early Check: Electronic education and consent system with layered information using
videos, infographics, and quizzes [134]

- BabyDetect: Multi-language materials and website with videos [174]

- BabyScreen+ used an online decision support tool ‘Genetics Adviser’ which incorporates
education, values elicitation and consent [391]

The synthesis shows strong consensus on the need for comprehensive yet accessible
materials, though specific approaches vary based on program context and population needs.
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12: Will consent be obtained for secondary uses of the data,
and if so, how should this be obtained?

Two-Sentence Summary:

The literature shows widespread agreement from parents and healthcare providers
(supported by law in many jurisdictions) that explicit consent should be obtained for potential
secondary uses of genomic data and dried bloodspots, including research, though there is
debate about the feasibility of truly informed consent given the complexity and future
uncertainty of potential uses. Key considerations include balancing research benefits with
privacy protections, cost, maintaining public trust, respecting parental autonomy while
preserving valuable research resources, and developing consent processes that are both
meaningful and practical.

Extended Synthesis:

ELSI at stake:

- Privacy rights vs potential research benefits and medical knowledge advancement [116,
142, 148, 186, 529]

- Traditional one-time broad consent adequacy vs evolving/future research uses [82, 142]

- Research ethics and clinical care boundaries [106, 411, 515]

- Note that the ELSI will vary depending on whether the research is proposed on
anonymized samples (including potentially legacy samples), versus participant recontact for
future use

Arguments:

Supportive:

- Archived newborn screening samples represent valuable research resources that could
advance medical knowledge [414, 186]

- Public health benefits from research using these samples could be substantial [466]

Critical:

- True informed consent may be impossible since future uses cannot be fully anticipated
[142]

- Traditional "box-ticking" consent is inadequate given varied and dynamic participant
motivations [82]

- Complex genomic data and future uncertainties make meaningful informed consent
challenging [466, 519]

- Lack of transparency about secondary uses undermines public trust [411]

Empirical Evidence:

- Study in Belgium found 93% of parents consented to DNA storage and anonymous
research use [174]

- Survey of Bulgarian healthcare providers showed 69.9% support requiring informed
consent for research use [523]

- Studies indicate parents often willing to participate in research when informed consent
obtained and privacy protected [244]

23


https://pubmed.ncbi.nlm.nih.gov/40532251/
https://publications.aap.org/pediatrics/article-abstract/143/Supplement_1/S1/34201/Ethical-and-Psychosocial-Issues-in-Whole-Genome?redirectedFrom=fulltext
https://journals.lww.com/co-pediatrics/abstract/2016/12000/ethical_issues_in_pediatric_genetic_testing_and.5.aspx
https://pubmed.ncbi.nlm.nih.gov/21649492/
https://www.tandfonline.com/doi/abs/10.1080/14636779908656896
https://www.gimjournal.org/article/S1098-3600(22)00776-6/fulltext
https://publications.aap.org/pediatrics/article-abstract/143/Supplement_1/S1/34201/Ethical-and-Psychosocial-Issues-in-Whole-Genome?redirectedFrom=fulltext
https://journals.lww.com/advancesinneonatalcare/abstract/2021/12000/current_trends_in_genetics_and_neonatal_care.10.aspx
https://pubmed.ncbi.nlm.nih.gov/26479566/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Whole+genome+sequencing+for+newborns-The+devil+is+in+the+details&btnG=
https://www.nature.com/articles/s41525-023-00349-w
https://pubmed.ncbi.nlm.nih.gov/21649492/
https://onlinelibrary.wiley.com/doi/10.1111/bioe.12030
https://publications.aap.org/pediatrics/article-abstract/143/Supplement_1/S1/34201/Ethical-and-Psychosocial-Issues-in-Whole-Genome?redirectedFrom=fulltext
https://www.gimjournal.org/article/S1098-3600(22)00776-6/fulltext
https://onlinelibrary.wiley.com/doi/10.1111/bioe.12030
https://pubmed.ncbi.nlm.nih.gov/26729704/
https://pubmed.ncbi.nlm.nih.gov/26479566/
https://pubmed.ncbi.nlm.nih.gov/39201861/
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2017.00308/full
https://sigmapubs.onlinelibrary.wiley.com/doi/10.1111/jnu.12005

Solutions (Proposed):

- Dynamic/tiered consent approaches allowing participants to update preferences over time
[82, 519]

- Online consent (e-Consent) systems that can be updated as participant views change [82]
- Classification of genetic conditions into "bins" to streamline consent process [519]

- Clear separation between research and clinical consent processes [282]

Solutions Implemented:

- Federal legislation (Newborn Screening Saves Lives Reauthorization Act 2014) requiring
parental consent for research use of newborn blood spots [106, 148]

- Michigan Biobank model: IRB review, consent requirements, de-identification procedures
[186]

- Texas and Minnesota now require parental consent for research use of residual dried blood
spots after legal challenges [298, 306]

- Belgium's Baby Detect program implements separate consent for secondary research use
and recontact [174]
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13: How will withdrawals from the study be handled, particularly
for screen positive findings where there might be a duty of
clinical care?

Two-Sentence Summary:

The handling of withdrawals from genomic newborn screening, particularly for screen
positive findings where there might be a duty of clinical care, requires careful consideration
of the tension between respecting parental autonomy and ensuring appropriate clinical care.
Empirical evidence suggests that parents frequently change their minds about genomic
information choices after initial consent, highlighting the need for flexible consent processes
with integrated check-ins that can accommodate such changes while maintaining clinical
obligations.

Extended Synthesis:

ELSI at stake:

- The key ethical issues involve balancing respect for parental autonomy in decision-making
with clinical obligations to act on potentially actionable findings, particularly when screen
positive results are involved [159, 333].

Arguments:

- The literature emphasizes the need for clear boundaries between research and clinical
care obligations regarding genomic findings [442]. There is recognition that established
guidelines need to continue evolving as NGS techniques and ethical debates develop [333].
- Multiple check-ins during the Baby Beyond Hearing Project, but parents could withdraw at
any time. Initial consent identified how much information parents wanted to receive, surveys
checked parents' understanding, and a choice was given to opt-in to additional findings after
initial results were returned [159].

Empirical Evidence:

- One study of 106 parents of infants with congenital deafness found that 14% of families
changed their decision about genomic information choices after initial consent, with various
patterns of opting in and out of additional findings [159]. This evidence highlights the "fragility
of parents' decision-making" and emphasizes the importance of ongoing genetic counselor
support.

Solutions (Proposed):
No hypothetical solutions were specifically proposed in these extracts.

Solutions Implemented:

The Baby Beyond Hearing project implemented a flexible consent process where:

- Parents could change their choice of gene list analysis at any time during the study period
(before additional findings reports were issued)

- Only one parent's signature was required, though joint decision-making was encouraged

- Follow-up counseling was offered for undecided families or when a parent missed the initial
session [159]
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- The SEQaBOO program implemented a process requiring IRB approval for disclosure of
incidental findings, with assessment of "need to know" determined by medical geneticists on
staff [442].
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14: What process (including who) is used to decide and update
the condition list?

Two-Sentence Summary:

Deciding which conditions to include in genomic newborn screening requires balancing
multiple stakeholder perspectives while maintaining transparent, evidence-based processes
that prioritize the goals of screening. Programs must establish clear criteria for condition
selection that considers factors like clinical actionability, age of onset, penetrance, and
treatment availability, whilst also having mechanisms to regularly update these lists as
evidence and technologies evolve — they can rely on existing frameworks to guide this
process. Key considerations include establishing clear criteria for clinical validity and utility,
developing mechanisms for regular review and updates as evidence evolves, and ensuring
appropriate representation from medical experts, public health officials, and affected
communities

Extended synthesis:
ELSI at Stake:

- The core ethical tension lies in balancing comprehensive screening capabilities against the
need to maintain high standards for inclusion, involving questions of clinical utility vs.
comprehensive information [203, 207, 272, 493]. This also includes weighing benefits of
early detection against potential harms of overdiagnosis [221, 222], considering individual
benefit vs. population benefit [469, 389], immediate medical benefit vs. future/broader utility
[466, 309], and addressing tensions between advocacy pressures and evidence-based
decision making [94, 298, 389].

- Additional concerns include ensuring equity in access [240] and balancing evidence
requirements vs. advocacy pressure [282, 459, 324].

Arguments:

For structured, evidence-based approaches:

- Need for systematic, transparent frameworks to evaluate conditions [95, 182, 368, 494]
- Importance of maintaining public health screening principles [222]

- Value of standardized assessment criteria [108, 398, 496]

- Primary focus on child benefit over family/societal benefits [524, 411]

- Conditions should be early-onset and treatable in childhood [287, 508]

Against overly rigid frameworks:

- Risk of missing beneficial interventions for rare conditions [249, 381, 259]

- Challenge of applying traditional evidence standards to genomic conditions [146]
- Need for flexibility to accommodate emerging treatments [176]

- Difficulty in generating evidence base for rare conditions [294, 302]

Stakeholder involvement considerations:

- Need for transparent processes involving diverse perspectives [506, 391]
- Balance between expert guidance and public input [368, 483]

- Role of advocacy groups in decision-making [298, 389]
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Empirical Evidence:

Studies have demonstrated:

Variation in current practices:

- Significant variation in gene selection across programs (only 74 genes included by >80% of
programs) [108]

- Wide variation in condition selection criteria across jurisdictions [292, 519]

- Different approaches to evidence evaluation between programs [95]

- Different interpretations of screening criteria [323, 368]

Implementation challenges:

- Difficulty in establishing evidence base for rare conditions [294, 302]
- Technical limitations affecting condition selection [302, 499]

- Variable stakeholder preferences regarding condition selection [168]

Proposed Solutions:

Structured assessment approaches:

- Development of semi-quantitative metrics for evaluating conditions [155]

- Development of standardized evaluation frameworks [259, 511]

- Use of scoring systems for condition selection [293, 294]

- Implementation of structured Delphi processes [4]

- Development of a machine learning model to prioritise genes included for national genomic
sequencing programmes [108]

Governance and stakeholder engagement:

- Creation of expert advisory committees [177]

- Multi-stakeholder advisory committees [368, 483]

- Public consultation processes [517, 506]

- Integration of multiple stakeholder perspectives [249]

Review and update mechanisms:

- Regular review cycles for included conditions [150]
- Systematic evidence review procedures [389, 481]
- Mechanisms for updating condition lists [482, 494]

Implemented Solutions:

Several programs have adopted specific approaches:

BabySeq Project [3, 253]:

- Used clinical validity classification framework for gene curation
- Focuses on conditions with clear medical actionability

- Uses expert panels for condition selection

BeginNGS [120]:
- Employed modified Delphi technique with expert panels

NC NEXUS [155]:
- Developed age-based semi-quantitative metric

UK Newborn Genomes Programme/UK Generation Study [112, 517]:
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- Established working group of 28 experts for condition selection
- Four-principle framework for condition selection
- Extensive stakeholder consultation process

Early Check [24]:
- Created transparent framework with public engagement

GUARDIAN Study [491]:
- Systematic approach to gene curation
- Regular review and updates of condition list

Screen4Care TREAT Panel [483]:
- Combines automated scoring with expert curation
- Uses multiple selection criteria including treatability and clinical validity

BabyScreen+:

- Standard criteria developed

- Expert curation leveraging previous curations from multiple other projects

- Stakeholder engagement and review process

- Curations and opinions are publicly available on an open platform, PanelApp Australia
[182]
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15: How should advocacy influence be balanced with
evidence-based decision making when it comes to condition
selection?

Summary:

Patient advocacy has historically been a powerful force in expanding newborn screening
programs, but there is ongoing tension between advocacy-driven expansion and
evidence-based decision making. Implementers must balance the valuable perspectives and
lived experiences that advocacy groups bring while ensuring that screening decisions remain
grounded in scientific evidence of clinical benefit and careful consideration of potential
program impacts.

Extended Synthesis:

ELSI at stake:

- The core ethical tension centers on how to appropriately weigh passionate advocacy from
affected families and patient groups against the need for rigorous scientific evidence when
deciding which conditions to include in screening programs [94, 247, 269]. This raises issues
of distributive justice, as advocacy strength may not correlate with public health impact [2].

- There are also concerns about conflicts of interest when advocacy groups receive industry
funding [94].

Arguments:

Supportive arguments emphasize that advocacy groups:
- Bring vital lived experience perspectives [293, 407]

- Help identify overlooked issues affecting patients [151]

Critical arguments highlight risks that advocacy can:

- Cloud critical thinking about benefits/harms [247]

- Lead to premature implementation without adequate evidence [307]
- Result in screening for conditions with disputed benefits [368]

- Undermine public trust if implemented without evidence base [241]

Several authors argue for a balanced approach that:

- Respects advocacy input while maintaining evidence-based standards [244]

- Uses advocacy to identify issues but relies on scientific review for decisions [164]
- Includes diverse stakeholder perspectives in structured decision processes [182]

Empirical Evidence:

Studies have found:

- Historical examples where advocacy led to implementation of screening without sufficient
evidence validation (e.g., PKU in 1960s) [269]

- Cases where advocacy-driven expansion led to harms (e.g., Krabbe disease in NY) [172]
- Survey showing experts support advocacy involvement but want decisions grounded in
evidence [363]

- Analysis showing wide variation in how states handle advocacy influence [519]
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Proposed Solutions:

- Create structured, transparent frameworks for condition selection [368]

- Use expert advisory committees to balance various influences [26]

- Establish rigorous evidence review processes [151]

- Develop standardized assessment criteria [294]

- Include advocacy groups in discussions while maintaining evidence-based standards [507]

Implemented Solutions:

- Advisory Committee on Heritable Disorders establishment (US) [389]

- Evidence review process for RUSP recommendations [320]

- Screen4Care project's structured approach combining stakeholder input with evidence
review, requiring that the advocacy community provide evidence for proposed gNBS
programs [407]

- Generation Study's multi-stakeholder consultation process including the public, patients,
and experts [517]

- SACHDNC's rigorous evidence review process requiring demonstrated benefits [244]
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16: How are "actionability" and clinical utility defined for
condition selection (including considerations of availability and
accessibility)?

Brief Summary:

Defining actionability and clinical utility for genomic newborn screening is a complex
challenge that requires balancing traditional screening criteria focused on immediate medical
treatment benefits against broader conceptions of benefit that include factors like avoiding
diagnostic odyssey, enabling family planning, and accessing early interventions.
Implementers must carefully consider whether to maintain strict requirements for proven
effective, available (which will vary by jurisdiction) treatments or adopt more flexible
frameworks that recognize various forms of clinical and personal utility, while ensuring that
selected conditions have sufficient evidence to justify population-level screening.

Extended Synthesis:

ELSI at Stake:

- The core ethical tension centers on how narrowly or broadly to define what makes a
condition appropriate for inclusion in newborn screening when using genomic technologies
[244, 295, 191]. The traditional focus on immediate medical treatment benefit is challenged
by the expanded capabilities of genomic sequencing to detect many conditions that may not
have proven treatments but could benefit from early intervention or family preparation [451,
453, 308]. This raises questions about balancing potential benefits against harms, resource
allocation, and equity considerations [215, 207]. Critically, socioeconomic differences
between countries lead to differences in availability of treatments, so “actionability” can be
jurisdiction specific.

Arguments:

Traditional perspective advocates maintaining strict requirements for proven effective
treatments and clear medical benefit to the child [272, 269, 451]. Counter-arguments
suggest broader definitions of benefit including:

- Avoiding diagnostic odyssey

- Enabling informed reproductive decisions

- Early intervention opportunities

- Family preparation and support

- Access to clinical trials

[244, 294, 226, 479

Some argue for considering both direct medical benefits and indirect benefits to families
[146]. Others emphasize the need to maintain high evidence standards while acknowledging
evolving treatment landscapes [310, 226].

Empirical Evidence:

Studies examining stakeholder perspectives show:

- Parents often value information beyond traditional medical actionability [347, 348]
- Healthcare professionals tend to favor more restrictive criteria [199]
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- Different jurisdictions interpret actionability criteria differently [333, 294]

Clinical outcome studies demonstrate:

- Early intervention benefits for some conditions [461, 435]

- Improved outcomes with pre-symptomatic treatment [273, 271]
- Variable penetrance and expressivity challenges [227, 248]

Proposed Solutions:

- Develop standardized metrics for assessing clinical utility [272, 294]

- Create tiered systems for different types of actionability [332, 310]

- Establish regular review processes for updating condition lists as evidence evolves [215,
451]

- Include broader stakeholder input in defining actionability [347, 348]

Implemented Solutions:

Several programs have adopted specific approaches:

- BabySeq Project: Defined specific criteria based on evidence level, age of onset, and
penetrance [3]

- NC NEXUS: Uses age-based framework for evaluating clinical actionability [34]

- UK Newborn Genomes Programme: Established four principles including evidence of
causality and benefit of early intervention [517]

- BeginNGS: Developed systematic evaluation process for conditions with effective
treatments [6]

- BabyScreen+, defined criteria including definition of treatability as treatment or intervention
that alters the natural history of the condition (i.e. supportive measures not included) [182]
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17: Should conditions with variable onset, penetrance,
expressivity, or pleiotropy be included?

Two Sentence Summary:

The inclusion of conditions with variable onset, penetrance, expressivity, or pleiotropy in
gNBS represents one of the most extensively debated ethical issues in the literature, with
concerns centering on the balance between identifying actionable conditions early versus
potential increased uncertainty creating "patients-in-waiting" and unnecessary anxiety. Key
considerations include the psychological impact on families, healthcare resource allocation,
and whether the benefits of early identification outweigh potential harms of uncertain
prognoses at population or group level, with most current programs favoring a conservative
approach that prioritizes conditions with high penetrance and clear childhood onset.

Extended Synthesis:

ELSI at stake:

- Ethical tension between potential benefits of early detection versus psychological burden of
uncertain prognoses [269, 294, 371, 443]

- Social justice concerns about healthcare resource allocation and follow-up care burden
[269, 308, 463]

- Privacy and autonomy considerations regarding future adult-onset conditions [444, 466]

- Responsibility to avoid creating "patients-in-waiting" and unnecessary medicalization [494,
151]

Arguments:

For inclusion:

- Early identification enables preventive interventions and family preparation [377, 299]
- Some variants with variable expression still have high enough penetrance to warrant
screening [483]

- Knowledge allows for better clinical management and surveillance [498]

Against inclusion:

- Risk of overdiagnosis and unnecessary treatment [284, 443]

- Creation of anxiety about conditions that may never manifest [308, 347]
- Violation of child's right to an open future for adult-onset conditions [466]
- Challenge of interpreting variants without clinical context [515]

Empirical Evidence:

- BabySeq Project found that genomic sequencing identified variants associated with
later-onset conditions in 9.4% of newborns [253]

- Studies of metabolic conditions show significant phenotypic variability, complicating
treatment decisions [164, 294]

- Parent surveys indicate mixed preferences, with some wanting all possible information
while others prefer only clearly actionable results [352, 505]

- Data from existing programs shows challenges in counseling families about conditions with
variable expressivity [371, 498]
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Proposed Solutions:

- Development of clear criteria for assessing penetrance and expressivity [483, 490]
- Tiered disclosure approaches based on certainty of manifestation [437]

- Enhanced genetic counseling and long-term follow-up protocols [434]

- Age-based framework for result disclosure [34]

Implemented Solutions:

- BabySeq Project: Limited reporting to highly penetrant childhood-onset conditions [441]

- BabyDetect: Excluded conditions with incomplete penetrance and adult onset [467]

- Dutch screening program: Excluded disorders like Pompe disease due to variable
onset/penetrance [294]

- Screen4Care project: Focused on conditions with strong evidence of penetrance and early
onset [483]

- BeginNGS program: Changed inheritance mode queries to focus on more severe forms of
disease [382]
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18: Should there be an age-of-actionability cut-off, and, if so,
what should this be?

Two Sentence Summary:

The literature reflects significant debate about whether and when to disclose genetic
information about conditions that manifest or require intervention at different life stages, with
particular tension around adult-onset conditions. While traditional professional guidelines
have recommended against testing children for adult-onset conditions for reasons including
to preserve a child’s future autonomy, emerging arguments suggest potential benefits of
early identification for both the child and family members, leading some programs to adopt
approaches including parental choice models and age-based disclosure frameworks.

Extended Synthesis:

ELSI at stake:

- Child's right to an open future vs. parental authority to make healthcare decisions [17, 34,
147, 466]

- Individual autonomy vs. family benefit [147, 353]

- Clinical utility vs. psychological burden [18, 30, 244]

- Privacy protection vs. comprehensive analysis [509]

- Direct vs. indirect benefits of early detection [453]

- Whether the option for “opportunistic screening” should be taken [147]

Arguments:

Pro early disclosure:

- Early identification enables preparation and life planning [347, 353]

- Family benefit can indirectly benefit child through parent health [3, 29]

- Traditional "right to an open future" arguments may be outdated given increased
actionability of genetic information [376]

Against early disclosure:

- Violates child's future autonomy and right not to know [83, 220, 466]
- Creates "patients in waiting" with psychological burden [17, 30]

- May lead to overtreatment or unnecessary anxiety [294]

- Traditional NBS focuses on immediate childhood benefit [215]

Empirical Evidence:

- BabySeq study found 3.5% of infants had actionable adult-onset variants [253, 296]

- Survey of genetic counselors showed only 6.8% supported including adult-onset conditions
vs. 37.2% of physicians [184]

- Australian healthcare professionals strongly opposed adult-onset condition disclosure [166]
- Parents generally express interest in receiving adult-onset information [343, 347]

- Young adults prefer limiting disclosure to childhood-onset conditions [505]

Proposed Solutions:
- Age-based frameworks for result disclosure [214, 472]
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- Tiered disclosure approaches [259]
- Opt-in models for adult-onset condition disclosure [3]
- Life-course staged screening approach [311]

Implemented Solutions:

BabySeq Project:

- Initially did disclose adult-onset findings using an opt-out method of consent.

- Later changed to require participants to explicitly consent to adult-onset condition
disclosure as to minimize moral distress [417]

NC NEXUS:
- Used age-based metric (ASQM) to evaluate and categorise the age of action for conditions
- Set cutoff at <2 years for primary panel [24]

BabyScreen+:

- Restricted to severe early-onset variants, age of actionability cut-off set as 5 years. [182]
- Considering future age-appropriate reanalysis which would require significantly more
resources [182]

Early Check:

- Two-panel approach: Panel 1 for highly actionable conditions with early age of action (<2
years)

- Panel 2 for conditions with emerging potential for high actionability [24]
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19: Should carrier status for recessive conditions be reported?

Two Sentence Summary:

The reporting of carrier status in genomic newborn screening represents a complex balance
between potential reproductive planning benefits for families and concerns about
psychological harms, child autonomy, discrimination, and healthcare system burden. Key
considerations include the very high prevalence of carrier variants, challenges in providing
adequate genetic counseling at scale, and varying international approaches ranging from
routine disclosure to opt-in models.

Extended Synthesis:

ELSI at Stake:

- Individual autonomy vs. family benefit: Tension between child's future autonomy/right not to
know and parents' reproductive planning needs [155, 188, 195]

- Privacy vs. information access: Balancing privacy rights with parental right to genetic
information [107, 326]

- Healthcare justice: Concerns about equitable access to genetic counseling and follow-up
care [16, 151]

- Stigma and discrimination: Historical concerns about carrier status leading to
discrimination, particularly in marginalized communities [266, 183]

Arguments:

Supporting disclosure:

- Information enables reproductive planning for parents and family members [3, 7]
- Some carrier states have health implications warranting early knowledge [459]

- Knowledge allows gradual integration of information into child's identity [85]

Against disclosure:

- Burdens healthcare systems with counseling needs [16]

- Violates child's future reproductive autonomy [195, 247]

- Creates unnecessary anxiety without immediate medical benefit [306, 442]
- May lead to stigmatization and discrimination [183, 393]

Empirical Evidence:
- BabySeq found 88% of infants carried recessive variants [253, 457]
- Healthcare provider surveys show mixed views on disclosure:
- 74-77% of general providers support disclosure
- Only 50% of genetics professionals support disclosure [266]
- Parents report varied preferences:
- 70.8% very interested in carrier results [343]
- Some value information for family planning [352]
- Others concerned about psychological burden [393]
- Studies show persistent misunderstanding of carrier status even with counseling [151, 457]

Solutions Proposed:
- Opt-in model for carrier status disclosure [266]
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- Staged disclosure based on age and relevance [214]

- Enhanced genetic counseling and education programs [317]
- Couple-based approach to carrier screening [191]

- Limiting disclosure to clinically actionable findings [307]

Solutions Implemented:

- Ontario Newborn Screening: Opt-in disclosure model where parents must request carrier
results [266]

- BabySeq Project: Includes carrier status reporting with genetic counseling for future
reproductive planning [3, 440]

- Dutch CF screening: Aims to minimize carrier detection for cost effectiveness [330]

- Danish NBS: Reports carriers only for CF, not other conditions [494]

- Early Check: Does not routinely report single heterozygous variants unless it is a special
case [24]

- BabyScreen+: Carrier status excluded [182]
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20: Should there be any parental choice in categories of results
returned?

Two Sentence Summary:

The literature reveals significant debate around whether and how much choice parents
should have in selecting which categories of genomic results they receive about their
newborns, with considerations spanning clinical utility, future autonomy, psychological
impact, practical implementation challenges (including cost). While there is broad agreement
that parents should ideally have some degree of choice, there are differing views on the
optimal approach - from highly granular choice to more structured "menu" options - with
evidence suggesting parents generally want broad access to information but may benefit
from guided decision-making frameworks.

Extended Synthesis:

ELSI at Stake:

- Tension between parental autonomy/right to information versus child's future autonomy and
"right to an open future" [353, 466]

- Balance between providing valuable health information and avoiding information overload
or psychological burden [386, 496]

- Clinical utility versus personal utility/value of information [326, 377]

- Privacy and discrimination concerns versus potential benefits to family health [163, 207]

- Standardization of screening versus individualization of choices [466, 478]

Arguments:

Supporting parental choice:

- Parents are responsible for children's healthcare decisions and should have access to
information that could benefit their child [374, 376]

- Different families have different values and information preferences [350, 353]

- Information can enable early intervention and preparation [353, 377]

Against unlimited parental choice:

- Could violate child's future autonomy regarding adult-onset conditions [232, 450]
- Risk of psychological harm from too much uncertain information [307, 487]

- Practical challenges in implementing highly individualized choices [386, 466]

- May undermine public health benefits of standardized screening [404, 450]

Empirical Evidence:

- BabySeq Project found varying parental preferences regarding adult-onset conditions, with
some wanting all information and others preferring limited disclosure [353]

- NC NEXUS study showed parents value choice but recognize challenges in making
informed decisions [346, 350]

- Australian study found 90% of parents wanted choice in result categories [166]

- Studies show higher education/understanding associated with more selective preferences
about receiving results [404]

- Focus groups reveal parents want some choice but also trust medical expertise [377,_396]
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Proposed Solutions:

- Tiered consent models with mandatory core conditions and optional additional categories
[450, 466]

- "Menu of options" approach with pre-structured choices [466, 478]

- Decision aids and genetic counseling to support informed choice [13, 432]

- Age-based disclosure framework [332]

Implemented Solutions:

- BabySeq Project: Required both parents to agree to receive adult-onset findings [412]

- NC NEXUS: Tiered approach with mandatory primary panel and optional secondary
findings that allow parents to decide to receive non-actionable results. The “decision arm’
had the option of “all, some, or none” [155, 432]

- Early Check: All babies screened with panel 1, parents choose panel 2 options [24]

- SEQaBOQO: Different enrollment options with varying levels of information return [198]

- GUARDIAN study: Choice between basic and expanded condition lists. They receive
results for 200 treatable conditions and can add 100 neurodevelopmental conditions that
therapies could help [421]

4

41


https://jamanetwork.com/journals/jama/article-abstract/1104943
https://onlinelibrary.wiley.com/doi/10.1111/bioe.12030
https://onlinelibrary.wiley.com/doi/10.1111/bioe.12030
https://pubmed.ncbi.nlm.nih.gov/35645285/
https://onlinelibrary.wiley.com/doi/10.1002/hast.880
https://publications.aap.org/pediatrics/article-abstract/137/Supplement_1/S16/39525/Supporting-Parental-Decisions-About-Genomic?redirectedFrom=fulltext
https://books.google.se/books?hl=en&lr=&id=7akZDAAAQBAJ&oi=fnd&pg=PR40&dq=10.1159/000444598&ots=kgft-6t6ZU&sig=rvrEMP6MhGNiBO9f2p-yyHejB34&redir_esc=y#v=onepage&q=10.1159%2F000444598&f=false
https://publications.aap.org/pediatrics/article-abstract/143/Supplement_1/S37/34226/Returning-a-Genomic-Result-for-an-Adult-Onset?redirectedFrom=fulltext
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-018-2686-4
https://publications.aap.org/pediatrics/article-abstract/137/Supplement_1/S16/39525/Supporting-Parental-Decisions-About-Genomic?redirectedFrom=fulltext
https://www.gimjournal.org/article/S1098-3600(24)00224-7/abstract
https://www.sciencedirect.com/science/article/abs/pii/S0030666521001948?via%3Dihub
https://www.science.org/content/article/sequencing-projects-will-screen-200-000-newborns-disease-genes

21. Should major pharmacogenetics variants be included?

Two Sentence Summary:

The inclusion of pharmacogenetic variants in gNBS offers significant potential to prevent
adverse drug reactions and optimize medication dosing throughout life, but raises complex
guestions about clinical actionability in the newborn period, variant interpretation across
diverse populations, and appropriate timing of disclosure. While there is strong theoretical
support for including well-validated pharmacogenetic variants, the literature reveals a
notable gap between conceptual benefits and practical implementation, with no documented
real-world newborn screening programs systematically including pharmacogenetic variants
at the time of these publications.

Extended Synthesis

ELSI at Stake

- Balance between preventing future drug-related harm and adhering to traditional newborn
screening principles of immediate actionability [18, 47, 242]

- Equity concerns regarding variant interpretation across diverse populations with different
allele frequencies [2, 17, 18]

- Privacy and lifelong data management implications for pharmacogenetic information [408]
- Resource allocation tensions between immediate healthcare needs and future preventive
benefits [12, 18]

- Child autonomy considerations for information with lifelong implications [185, 242]

Arguments

Supporting inclusion:

- Could prevent severe, potentially fatal adverse drug reactions (e.g., codeine toxicity in
ultra-rapid metabolizers) [17, 18, 47]

- Lifetime utility provides value beyond newborn period [Z, 18, 128]

- Efficient to obtain when genomic sequencing already being performed [176]

- Enables proactive medication management rather than trial-and-error prescribing [495]

Against broad inclusion:

- Limited immediate actionability conflicts with newborn screening principles [18, 242]
- Complexity of interpretation may lead to clinical errors [17, 49, 182]

- May divert resources from conditions requiring immediate intervention [12]

- Psychological burden of future-oriented information on families [47,185]

Empirical Evidence

- Studies demonstrate reduced hospitalization rates when pharmacogenetic information
guides prescribing [17]

- Significant ethnic variation in drug metabolism genes documented across populations,
which limits applicability for those on non-European ancestry [2,18]

- Parent surveys show variable interest in receiving pharmacogenetic information [47, 185,
242]

- Provider studies reveal knowledge gaps and need for education [244]
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- Economic analyses suggest potential cost-effectiveness for preventing severe reactions,
though results vary by variants included [12]

- Implementation studies highlight need for clinical decision support and EHR integration [7,
176]

Proposed Solutions

- Selective inclusion of only highly actionable, well-validated variants with clear guidelines
[18, 62, 244]

- Tiered disclosure with storage of results until clinically relevant [128, 485]

- Standardized pharmacogenetic panels with continuous reanalysis protocols [62, 182]

- Comprehensive provider education and clinical decision support systems [7, 244, 495]

- Equity-focused approaches including wider research for diverse populations to ensure
representation in databases [2, 27]

- Multidisciplinary implementation teams including genetic counselors and pharmacists [495]

Implemented Solutions

No documented real-world implementations of pharmacogenetic variant screening in actual
newborn screening programs were identified in the reviewed literature. All solutions
discussed were proposed, hypothetical, or in pilot/research phases, highlighting the gap
between theoretical benefits and practical implementation in routine newborn genomic
screening programs.
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22: Should whole genome, whole exome, targeted panel
sequencing or genotyping be adopted?

Two Sentence Summary:

The choice between whole genome sequencing (GS), whole exome sequencing (ES), or
targeted gene panels represents a critical cost, technical and ethical trade-off between
comprehensive detection capabilities and practical implementation challenges. While GS/ES
may offer greater flexibility and future-proofing, targeted approaches may currently be more
practical and cost-effective, with many gNBS research programs adopting hybrid or tiered
approaches that combine targeted panels with more comprehensive sequencing in specific
cases, though the evidence base is changing rapidly.

Extended Synthesis:

ELSI at stake:

- Clinical utility vs. information overload: Balancing comprehensive genetic information
against the challenges of interpreting and managing vast amounts of data [457, 324, 466]

- Privacy and data management: Concerns about storing and protecting extensive genomic
data [284, 311]

- Cost-effectiveness vs. accessibility: Ensuring equitable access while managing resource
constraints [283, 364]

- Ethical implications of incidental findings: Managing secondary findings and variants of
uncertain significance [404, 472]

Arguments:

For GS/ES:

- Provides more comprehensive coverage and future flexibility [516, 520]

- Enables detection of novel variants and complex structural changes [498, 484]
- Eliminates need for costly panel updates when new genes are discovered [509]

Against GS/ES:

- Generates excessive data requiring complex interpretation [457, 324]
- Higher costs and resource requirements [331, 482]

- May reveal unwanted information about adult-onset conditions [524]

For targeted panels:

- More focused and practical approach [483, 492]
- Better control over incidental findings [524]

- More cost-effective implementation [331]

Empirical Evidence:

Studies comparing approaches:

- NBSeq project showed ES had lower sensitivity (88%) than traditional screening (99%) for
metabolic disorders [319, 472]

- BeginNGS study demonstrated feasibility of rapid GS with targeted analysis [320]

- Studies show variable coverage and accuracy across different genomic regions [338, 497]
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Cost and implementation data:
- GS remains more expensive than targeted approaches [331, 482]
- Technical challenges with certain variant types and genomic regions [484, 497]

Solutions Proposed:

- Tiered approach using targeted panels first, followed by GS/ES when needed [484]
- Combined use of different technologies for comprehensive coverage [497]

- Virtual panels using GS data but analyzing only selected genes [509]

Solutions Implemented:

Programs adopting various approaches:

- BabySeq: Used ES with targeted analysis [119]

- Screen4Care: Implementing targeted gene panel approach [483]

- BeginNGS: Using rapid GS with targeted analysis [320]

- Danish NBS program: Using targeted panels as second-tier testing [494]
- UK Generation Study: GS [517]

- BabyScreen+: GS with targeted analysis [391]

This synthesis represents evidence from 23 articles in the dataset, showing the complexity
and ongoing evolution of this decision point in gNBS implementation.
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23: What sample collection methodology should be used?

Two Sentence Summary:

The choice of sample collection methodology for genomic newborn screening involves
balancing technical feasibility (DNA quantity/quality) with practical and ethical considerations
like minimizing infant discomfort and integrating with existing screening infrastructure. The
literature strongly supports using dried blood spots (DBS) as they leverage existing
collection procedures, provide sufficient DNA quality for sequencing, can be stored
long-term, and minimize additional procedures for infants, though some programs are also
exploring alternatives like cord blood or saliva samples for specific applications.

Extended Synthesis:

ELSI at stake:

- Minimizing physical harm and discomfort to newborns during sample collection [89, 104,
122]

- Preserving limited biological samples while enabling comprehensive testing [123, 276]

- Ensuring equitable access to screening, particularly in rural/remote areas [240, 245]

- Balancing sample quality requirements with practical implementation [413]

- Integration with existing screening infrastructure [330, 433]

Arguments:

- DBS offers advantages over venipuncture including less discomfort and higher participation
rates [413]

- Earlier sample collection (e.g., cord blood) could enable faster diagnosis for time-sensitive
conditions [295, 328]

- Different sample types may be optimal for different conditions (e.g., saliva for CMV
detection) [498]

- Sample collection timing affects test validity and interpretation [318]

- Collection methods must be feasible for implementation at scale [330]

Empirical Evidence:

Multiple studies demonstrate:

- DBS provides sufficient DNA quality/quantity for genomic sequencing [204, 218, 238, 514,
520]

- Storage conditions affect sample integrity, with -20°C recommended [276, 413]

- High concordance between DBS and traditional blood samples for variant detection [481]
- Successful DNA extraction from archived DBS up to 20+ years old [512, 513]

- Variable DNA vyields depending on collection/storage methods [514, 520]

Proposed Solutions:

- Using cord blood for earlier sample collection [295, 328]

- Implementing point-of-care testing (outside of hospitals) for remote areas [245]
- Optimizing DNA extraction protocols for limited sample material [512, 520]

- Alternative sample types (saliva, cord blood) for specific applications [498]

- Multi-tiered testing approaches combining different sample types [494]
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Actually Implemented Solutions:

- California Biobank Program: PCR-free GS methods for DBS [512]

- Danish Newborn Screening Biobank: WGA of DBS samples [413]

- GUARDIAN and BabyDetect studies: Using DBS for traditional and genomic screening
[163, 371] Also BabyScreen+, protocol paper [391]

- BabySeq Project: Validated microsampling (of capillary blood) methods using a heel prick
kit from Neoteryx for DNA collection [440]

- Generation Study (UK): Using cord blood with optimized turnaround time [517]
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24: How and when should test limitations be communicated?

Two Sentence Summary:

The literature emphasizes that test limitations must be clearly communicated to both
healthcare providers and families due to significant technical and interpretive challenges in
genomic sequencing, including limitations in detecting certain variant types, variable
sensitivity across conditions, and challenges with interpretation. The timing and method of
communication needs to balance providing large amounts of information against
overwhelming parents during the sensitive peripartum period, while ensuring limitations are
understood before testing to enable informed decision-making.

Extended Synthesis:

ELSI at stake:

- The core ethical tension centers on balancing the need for transparent communication
about technical limitations against the risk of overwhelming or causing undue anxiety to
parents during a sensitive time [349, 393]. This connects to broader ethical principles of
informed consent, beneficence, and non-maleficence, particularly given that incomplete
understanding of limitations could lead to false reassurance or unnecessary anxiety [390,
393].

Arguments:

- Several papers argue that comprehensive communication about limitations is essential for
maintaining public trust and enabling truly informed decision-making [244, 349]. However,
others caution that the complexity and volume of information about technical limitations may
overwhelm parents and impede understanding [393].

- There are also arguments that healthcare providers need to fully understand limitations to
appropriately counsel families [390].

Empirical Evidence:

- Focus group studies have found that parents generally do not grasp the uncertainty
inherent in genomic data despite attempts at explanation, instead expressing optimistic
expectations for clear, useful information [349].

Research has documented specific technical limitations that need to be communicated,
including:

- Lower sensitivity compared to traditional screening for some conditions [35, 472]

- Challenges detecting certain variant types like structural variants [264, 521]

- Variable performance across different genes and conditions [299, 498]

- Issues with variant interpretation, especially for diverse populations [160]

Proposed Solutions:

Several approaches have been suggested:

- Developing targeted educational materials about genomic uncertainty [68, 349]
- Using multi-tiered communication strategies with different levels of detail [390]
- Providing ongoing education as knowledge evolves [244]

Implemented Solutions:
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Few concrete implementations are described in the literature, but reported approaches
include:

- The Early Check program incorporated test limitations into consent materials with
interactive review questions [134]

- Some programs have requested improved quality samples from birth centers to enable
better confirmatory testing [340]

- BabyScreen+ excluded certain genes with insufficient analytical validity despite clinical
relevance, with this limitation communicated to families. This included diseases with a later
onset. [182]

The literature suggests this remains an active challenge that most programs are still working
to address effectively.

49


https://www.frontiersin.org/journals/genetics/articles/10.3389/fgene.2022.891592/full
https://pubmed.ncbi.nlm.nih.gov/37923102/
https://www.gimjournal.org/article/S1098-3600(24)00010-8/fulltext

25: Should variants of uncertain significance ever be reported?

Two-Sentence Summary:

The reporting of variants of uncertain significance (VUS) in genomic newborn screening
presents a critical tension between comprehensive detection of potentially clinically
significant variants and returning information that does not fit a screening paradigm.
Implementers must weigh the benefits of increased sensitivity from reporting VUS against
the risks of false positives, psychological impacts on families, and healthcare system
capacity for (potentially unnecessary) follow-up, while considering technical limitations in
variant interpretation particularly for diverse populations.

Extended Synthesis:

ELSI at stake:

- Autonomy vs beneficence: balancing parents' right to information against potential
psychological harms from uncertain results [142, 316, 492]

- Healthcare justice: equitable access to variant interpretation across diverse populations
[160, 273, 336]

- Clinical utility vs uncertainty: managing uncertain results without clear clinical actionability
[163, 273, 491]

- Resource allocation: healthcare system capacity to handle VUS follow-up [16, 142, 324]

Arguments:

For reporting VUS:

- Early identification could enable better preparation and monitoring [377]
- May help with future reclassification efforts [133]

- Parents may have a right to all available information [505]

Against reporting VUS:

- Creates unnecessary anxiety and medicalization [16, 323, 450]

- Risk of inappropriate clinical decisions based on uncertain information [273, 492]
- May overwhelm healthcare systems [142, 324]

- Could undermine public trust in screening programs [141]

Empirical Evidence:

Studies showing impacts:

- The BabySeq project found VUS reporting created significant counseling challenges [253]

- NC NEXUS study showed VUS reporting increased sensitivity from 80.3% to 89.4% but
with increased false positives [139]

- Survey of genetic counselors showed 53.3% believed VUS should never be disclosed [199]
- Studies show parents often misunderstand implications of VUS [487]

Population preferences:
- Survey showing differences between clinicians and parents regarding VUS disclosure [396]

- Focus groups showing parents value certainty over comprehensive information [302]

Solutions (Proposed):
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- Development of standardized VUS classification criteria for screening context [483, 491]
- Improved variant databases and interpretation tools [366, 477]

- Better education and counseling approaches [487]

- Multi-stakeholder engagement in developing reporting guidelines [483]

Solutions (Implemented):

- BabySeq Project: Only reported pathogenic/likely pathogenic variants in healthy infants;
reported VUS for ill infants if relevant to clinical presentation [3]

- BeginNGS: Uses strict variant filtering to minimize VUS reports [120]

- BabyScreen+: Reports only pathogenic and likely pathogenic variants, explicitly excluding
VUS [391]

- GUARDIAN study: Implemented specific algorithms for variant reporting balancing
sensitivity and specificity [163]

- The literature emphasizes that this remains an active challenge requiring ongoing
refinement of approaches as evidence and technologies evolve.
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26: How should the challenges of variant interpretation across
diverse populations be addressed?

Summary:

Genomic variant interpretation faces significant challenges due to the lack of diversity in
reference databases, which primarily contain data from individuals of European ancestry.
This creates potential for missed diagnoses, false positive results, and/or misclassification of
variants in underrepresented populations, raising serious equity concerns that implementers
must address. Newborn screening programs must balance the need for accurate variant
interpretation across all populations against current technical limitations while working to
expand representation in genomic databases.

Extended synthesis:

ELSI at stake:

The core ethical issue is ensuring equitable benefits from genomic newborn screening
across diverse populations while maintaining screening accuracy. This involves:

- Healthcare access inequality and potential to exacerbate existing disparities [246, 269,
277, 488, 491]

- Risk of misdiagnosis or missed diagnoses in underrepresented populations [304, 335, 460,
491]

- Balance between expanding access and maintaining quality [269, 371, 477]

- Scientific validity vs equity considerations [488, 491]

- Privacy and discrimination concerns related to population-specific genetic data [143, 270]

Arguments:

Proponents argue:

- Genomic screening could reduce disparities in access to genetic testing [270, 364]

- Including diverse populations in screening would help build more representative databases
[213, 215, 460]

- Early identification enables timely interventions [460, 470]

Critics argue:

- Current databases are too Eurocentric to ensure equitable benefits [215, 269, 304, 477,
488]

- Risk of exacerbating healthcare disparities [246, 269, 277, 488]

- Technical limitations disproportionately affect underrepresented groups [304, 335, 460]

EMPIRICAL EVIDENCE:

Empirical evidence:

Studies show:

- Lower diagnostic yield in non-European populations [269, 484, 488]
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- Higher rates of variants of uncertain significance in underrepresented groups [335, 366,
484]
- Specific variants more common in certain populations [340, 341, 433]

- Evidence of population-specific mutation spectrums [275, 340, 433]

Proposed solutions:

- Development of population-specific variant databases [215, 340, 460, 470]
- Increased diversity in genomic research [213, 460, 470, 488]

- Enhanced variant interpretation tools [366, 482, 485]

- Multi-ethnic reference panels [340, 433, 460]

- International data sharing [215, 470, 521]

- Training in population-specific variant interpretation [201, 460]

Implemented solutions:

Several programs have adopted specific approaches:

- BabySeq Project: Counseling about limitations in variant interpretation for non-European
ancestries. Aiming to analyze more non-European outcomes to improve knowledge and
counseling [440]

- Guardian Study: Specific algorithms for variant reporting that consider ancestry and
obtaining more data [315, 316]

- BeginNGS: Using population-specific data in variant interpretation [120]

- Screen4Care: Development of population-specific gene panels and datasets [407]

- Chinese newborn screening programs: Customized panels for Chinese population [433]
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27: How should the process for disclosure of provisional results
be managed?

Summary:

The disclosure of provisional results in genomic newborn screening (gNBS) requires
carefully balancing the potential benefits of early detection against the risks of causing
unnecessary anxiety and harm through false positives or uncertain findings. Programs must
develop clear protocols and policies that address the timing, method, and content of result
disclosure while ensuring appropriate support systems are in place for families receiving
results and follow up care.

Extended synthesis:

ELSI at stake:

Key ethical tensions include:

- Balancing timely disclosure for actionable findings vs. avoiding unnecessary anxiety from
uncertain results [15, 219, 282]

- Managing parental psychological impacts while ensuring clinical benefit [151, 244, 348]

- Protecting family privacy while enabling appropriate clinical follow-up [73, 143]

- Addressing healthcare access inequalities in result disclosure and follow-up [100]

Arguments:

Supporting earlier/broader disclosure:

- Early intervention opportunities could be missed by delaying disclosure [260, 341]
- Parents have a right to information about their child's health [146, 487]

- Transparency builds trust in screening programs [167]

Against earlier/broader disclosure:

- Risk of causing unnecessary anxiety with uncertain results [311, 393]
- Potential for misunderstanding or misuse of genetic information [487]
- Limited clinical utility of some findings [504]

- Resource burden on healthcare system [311]

Empirical evidence:

Studies show:

- Parents experience significant anxiety from uncertain results [244, 348]

- False positives create lasting psychological impacts [151, 189]

- Communication quality affects parental anxiety levels [151]

- Healthcare providers struggle with explaining complex genetic results [205]
- Different cultural contexts affect result disclosure preferences [378, 487]

Proposed solutions:

- Two-tier screening approaches to reduce false positives [451]
- Standardized protocols for result disclosure [86]
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- Enhanced provider education and support [205]

- Improved parent education materials [244]

- Multi-disciplinary teams for result interpretation [508]

- Clear guidelines for what findings should be reported [46]

Implemented solutions:

BabySeq Project:

- Required genetic counseling for positive results [219]

- Used multidisciplinary approach to result disclosure [173]

NC NEXUS Project:
- Employed genetic counselors and clinical geneticists for result return [219]

GUARDIAN Study:

- Developed specific variant reporting algorithms to return results for treatable or likely
treatable recessive conditions, and to minimize false positives [316]

- Used orthogonal testing before reporting positives [163]

Screen4Care Project:
- Implemented stakeholder engagement in developing reporting guidelines. Pathogenic or
likely pathogenic variants are reported. [483]

BabyScreen+:

- Specific variant filtering algorithm developed

- Orthogonal validation of positive results using a separate sample; other confirmatory
testing where available

- All screen positive results communicated by a genetic health professional to organise
confirmatory testing and involve relevant other specialists as necessary

This synthesis suggests that while there is substantial literature on result disclosure

challenges, there remains significant variation in how programs approach this critical aspect

of implementation.
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28: For positive results, who should deliver results?

Two-Sentence Summary:

The literature strongly suggests that result delivery should be tailored to the type of result
and condition, with genetic counselors and clinical specialists generally preferred for
complex genetic findings while maintaining involvement of primary care providers who have
existing relationships with families. Key considerations include the limited availability of
genetic specialists, the value of established provider-family relationships, and the need for
providers to have sufficient genomic knowledge to effectively communicate results.

Extended Synthesis:

ELSI at stake:

- Balancing the need for genetic expertise in result communication against healthcare
system capacity and resources [83, 138]

- Tension between maintaining established provider-family relationships and ensuring
adequate genetic expertise [385]

- Equity concerns regarding access to genetic counseling services and timely delivery of
results for treatment initiation [465]

Arguments:

- Clinical interpretation challenges require genetic expertise for complex results [61]

- Traditional genetic counseling models may not be feasible at population scale [138]

- Primary care physicians often lack confidence in discussing genetic results [244, 309]
- Provider-family relationships are valuable for sensitive communications [385]

- Non-genetic specialists may misinterpret results or provide insufficient support [465]

Empirical Evidence:

- Survey of 126 Australian parents found preferences varied by condition - GPs preferred for
some conditions, specialists for others [66]

- Healthcare professionals agreed specialists should return results for current NBS
conditions (41%) and childhood-onset actionable disorders (45%), while genetic counselors
should handle carrier status (72%) [166]

- Parents with low health literacy rated primary care physicians unfavorably in explaining
results [151]

- Interviews with PCPs revealed they value their role in result delivery despite concerns
about expertise [385]

Solutions (Proposed):

- Development of alternative service delivery models including non-genetics professionals
and educational media [138]

- Implementation of telegenetics to address limited availability of genetic counselors [465]
- Training programs to increase provider knowledge and communication skills [168, 194]
- Tailoring healthcare provider involvement based on condition type [66]

Solutions (Implemented):
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- BabySeq Project: Results disclosed by genetic counselor and physician team during
in-person session [441]

- GUARDIAN study: Negative results returned by phone/email, positive results by phone
from medical geneticist and genetic counselor followed by in-person clinical visit [163]

- Generation Study (UK): Screening results passed to relevant specialist experienced in
treating the condition [517]

- Baby Detect (Belgium): Disease specialists deliver positive results in face-to-face
consultations and negative results are not delivered [174]

- BabyScreen+: screening results disclosed by genetic health professionals, specialists
involved once result confirmed. Negative results returned via online platform [391]
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29: For positive results, how should return be done (including
what information should be provided, whether virtual or in
person)?

Summary:

The return of positive results from genomic newborn screening requires careful
consideration of both the mode of delivery (in-person vs remote) and the content/format of
information provided. Implementation decisions must balance parents' strong preference for
in-person result disclosure by genetic specialists against practical feasibility constraints in
large-scale screening programs, while ensuring appropriate psychological support and
follow-up care.

Extended Synthesis:

ELSI at Stake:

- Tension between comprehensive information disclosure and managing parental
anxiety/psychological impact [13, 56, 248, 496]

- Balance between parental preferences for delivery method and healthcare system
capacity/feasibility [403]

- Need to ensure effective communication while managing complex genomic information [13,

151, 168]

- Equity concerns regarding access to appropriate follow-up care and support [378]

Arguments:

Supporting in-person disclosure:

- Allows for immediate emotional support and clarification of questions [56, 168]
- Enables better assessment of family understanding and needs [150, 168]

- Maintains human connection for sensitive information [354]

Supporting alternative approaches:
- Resource constraints make universal in-person disclosure challenging [403]
- Video/telehealth options may provide acceptable compromise [122]

Empirical Evidence:

Studies supporting in-person disclosure:

- Interviews with 41/50 parents preferred in-person results delivery [122]

- Focus groups showed strong preference against online/electronic result delivery [354]
- Parents with low health literacy particularly value in-person communication [151]

Studies on content/format:

- Parents request visual aids and supplementary materials [122]

- Studies show primary care physicians often provide inadequate or misleading information
[151]

- Qualitative research reveals parents expect comprehensive explanation and support [361]

Solutions Proposed:
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- Tiered approach based on result type (in-person for positives, electronic for negatives)
[403]

- Development of standardized communication protocols with visual aids [122]

- Integration of genetic counseling with primary care delivery [244]

- Comprehensive follow-up support system including specialists [378]

Solutions Implemented:

BabySeq Project:

- In-person disclosure by genetic counselor and physician [441]
- Written reports mailed to parents and faxed to providers [441]

Ontario NBS Program:
- Primary care providers deliver positive results and value points-of-care information with
specialist support [385]

Baby Detect:
- Disease specialists deliver positive results in face-to-face consultations [174]

Generation Study:
- Specialist-led result disclosure and follow-up [517]

BabyScreen+:
- Different processes for low vs high chance results (online platform vs genetic counselor
phone call) [391]
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30: For positive results, how can the psychological impacts on
families be assessed, addressed and minimised, and with what
role for advocacy and patient community input?

Summary:

Psychological impacts of positive gNBS results on families represent a major concern
requiring careful management, with evidence indicating risks of anxiety, depression,
parent-child bonding disruption, and relationship strain, particularly for uncertain or
untreatable conditions. However, studies also show that with appropriate support systems
including genetic counseling, clear result communication, and access to specialist care and
peer support groups, these negative impacts can be minimized while preserving the benefits
of early detection; consumer involvement in program design would help to this end.

Synthesis:

ELSI at stake:

The core ethical tension centers on balancing the benefits of early detection against potential
psychological harms to families receiving positive results [63, 144, 332]. Key concerns
include:

- Parental anxiety, depression and distress [56, 63, 373]

- Impact on parent-child bonding and relationship dynamics [67, 232, 394]

- Family strain and partner blame [373, 394]

- Stigmatization of affected families [12]

- Additional burden during already stressful postpartum period [138, 178]

- Additional uncertainty and challenges with uncertain results or untreatable conditions [31,
149, 220]

Arguments:

Supportive arguments:

- Early identification allows families to prepare practically and emotionally [358, 394]
- Knowledge can provide relief from uncertainty and guilt [361]

- Benefits of early intervention outweigh temporary psychological impacts [25, 480]

Critical arguments:

- Risk of creating "patients-in-waiting" with unclear prognosis [415, 416]
- Potential disruption of parent-child bonding [228, 394]

- Unnecessary anxiety for conditions that may never manifest [141, 142]
- Particular burden in resource-limited settings [315]

Empirical Evidence:

Major studies:

- BabySeq Project found no persistent negative psychosocial effects in families receiving
genomic results [394, 449]

- However, study population was self-selected and well-resourced [449]

- Studies show varying levels of anxiety and stress following positive results [172, 358]

- Higher distress reported with uncertain results vs definitive findings [348]
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- Evidence that effective communication and support can mitigate negative impacts [352]

Proposed Solutions:

1. Educational/Communication:

- Clear communication protocols [244, 442]
- Improved provider education [144, 168]

- Age-appropriate information [505]

2. Support Systems:

- Comprehensive genetic counseling [416, 523]
- Psychological support services [210, 391]

- Peer support networks [168, 352]

3. Procedural:

- Structured follow-up protocols [56, 391]

- Rapid confirmatory testing [289]

- Regular assessment of psychological impacts [441]

Implemented Solutions:

Several programs have implemented specific approaches:

- NC NEXUS: Structured joint parental decision-making process and monitoring of
psychological impacts [110]

- BabySeq: Standardized assessment measures and safety protocols for identifying parents
needing additional support. The study psychologist will contact parents who score above the
cut-off for depression or anxiety. [441]

- Baby Beyond Hearing Project: Integrated genetic counseling and follow-up support system
[352]

- NESTS program: Comprehensive genetic counseling achieving 71.6% counseling rate with
95.2% reporting reduced anxiety [434]
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31: For negative results, will results be returned, and if so,
using what model?

Two-Sentence Summary:

The literature shows varying approaches to returning negative results in gNBS, with some
programs actively communicating these results while others only provide them upon request.
Key considerations include balancing psychological benefits (such as providing peace of
mind to parents) against healthcare system resource constraints, while also ensuring
effective documentation and communication methods.

Extended Synthesis:

ELSI at stake:

- Balance between providing complete information to parents and healthcare system
resources [403, 391]

- Psychological impact of result communication on parents [174, 361]

- Documentation and awareness challenges [480]

- Information access patterns in the digital age [13]

Arguments:

- Technical concerns about false negatives and the need to communicate test limitations
[288]

- The importance of adapting communication strategies to accommodate public preferences
towards digital information [13]

Empirical Evidence:

- Studies indicate that negative results can provide psychological benefits to parents,
allowing them peace of mind and the ability to focus on their child's specific conditions [361]
- Public preference studies in Australia show that even for negative results, in-person
communication is preferred over electronic methods [403]

- Evidence from Russia shows challenges in result documentation and awareness, with 58%
of participants lacking verified results [480]

- Low follow-up rates observed in some programs, suggesting challenges in result
communication systems [508]

Proposed Solutions:

- Development of multi-channel communication strategies incorporating digital platforms
where parents already seek information [13]

- Balancing in-person result delivery preferences with feasibility through selective application
[403]

Solutions Actually Adopted:

Different programs have implemented varying approaches:

- BabyScreen+ (Australia): Low chance results communicated via online platform with
email/SMS notification and optional genetic counseling [391]

- Belgian Baby Detect: No communication of negative results [174]
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- GUARDIAN study (US): Negative results returned by phone and encrypted email [163]
- SEQaBOO (US): All negative results communicated directly to parents via telephone [419]
- EXAMEN project (Russia): Negative results only issued upon parents' request [508]
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32: How to build sufficient genomics expertise in the healthcare
provider workforce, particularly pregnancy providers and
pediatricians?

Two Sentence Summary:

Healthcare providers often lack sufficient knowledge and confidence to effectively discuss
and action genomic newborn screening results, with studies showing widespread discomfort
in interpreting and communicating genomic results. A multi-faceted approach combining
professional education, supportive infrastructure, and potentially new service delivery
models is needed to build adequate workforce capacity, as the current genetics workforce is
insufficient to handle population-wide genomic screening.

Extended Synthesis:

ELSI at stake:

- The core ethical-social issue is the tension between the rapid advancement of genomic
technologies and the limited capacity of the healthcare workforce to effectively implement
them [13, 30, 138, 242]. This raises concerns about potential harm from misinterpretation of
results [184] and inequitable access to genetic expertise and follow up care [288].

- There are also social justice considerations regarding workforce diversity [472] and cultural
competence in genetic counseling and related follow-up care [487].

Arguments:

Supportive arguments emphasize:

- The essential role of healthcare provider education in successful genomic medicine
implementation [7, 201, 229]

- The potential for healthcare systems to adapt to and incorporate new genomic technologies
and their subsequent needs as they have with other advances [423]

- The importance of nurses and other non-genetic professionals in translating genomic
information [201]

Critical arguments highlight:

- Current shortage of genetics professionals [138, 160, 298]

- Risk of inappropriate clinical management from result misinterpretation by non-specialists
[184]

- Inadequate genetics education in medical training [30]

- Concerns about overwhelming primary care providers [297]

Empirical Evidence:

Multiple studies document workforce challenges:

- Survey showing 76.1% of genetic counselors concerned about result misinterpretation by
non-specialists [184]

- Cross-sectional survey showing only 44% of family physicians feel up-to-date on newborn
screening compared to 85% of pediatricians [385]

- Studies showing limited genetics knowledge among nurses [306]
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- Delphi study identifying workforce limitations as a key barrier to implementing genomic
newborn screening [464]

Proposed Solutions:

Educational approaches:

- Comprehensive genomics education throughout medical training [13]
- Development of core competencies for healthcare providers [400]

- Training programs for non-genetics providers [472]

- Cultural competency training [487]

Structural approaches:

- Alternative service delivery models [138]
- Digital decision support tools [13]

- Regional centers of excellence [26]

- Telegenetics services [465]

Implemented Solutions:

- Master of Science in Genetic Counseling program established at University of the
Philippines Manila to reduce genetics-trained staff shortages [250]

- BabySeq project implemented genomics education program for healthcare providers [440]
- GUARDIAN study provided navigator support and healthcare provider training [163]

- Healthy Nevada Program developed educational support for providers to learn more about
consenting parents, decision-making, returning results, and clinical action. [132]
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33: What should be done if a newborn dies before or soon after
result return (including what should happen to their data)?

Two-Sentence Summary:

There is very little literature on this topic. When a newborn dies before or soon after result
return, programs need to consider both the immediate handling of genetic/metabolic data for
any post-mortem analysis (if applicable) and the broader implications for family members
who might benefit from this information

Extended Synthesis:

ELSI at stake:

- Researcher obligations versus protocol restrictions [412]

- Family rights to genetic information after infant death [137, 412]
- Duty to warn versus regulatory compliance [412]

Arguments:
- After infant death, the ethical focus shifts from the infant's best interests to the family's

interests [412]

Empirical Evidence:
No empirical evidence was presented in the extracted literature.

Proposed Solutions:
None discussed

Implemented Solutions:
None discussed
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34: What standards should be established for clinical follow-up
after screening (including resources provided for healthcare
providers, and the role of advocacy groups)?

Two-Sentence Summary:

Implementing genomic newborn screening requires establishing comprehensive standards
for clinical follow-up that address both immediate and long-term care needs, including
genetic counseling, specialist referrals, and ongoing monitoring. The literature emphasizes
that follow-up systems must integrate multiple stakeholders (healthcare providers, genetic
specialists, advocacy groups) while ensuring equitable access to necessary treatments and
support services, with particular attention to preventing healthcare disparities and
maintaining adequate workforce capacity.

Extended Synthesis:

ELSI at Stake:

- Ethical obligation to provide comprehensive follow-up care after screening identifies
conditions [2, 269, 314]

- Tension between expanding screening capabilities and limited healthcare system capacity
[274, 283]

- Equity concerns regarding access to follow-up services and treatments [2, 269, 380]

- Need to balance comprehensive care with resource constraints [352, 385]

Arguments:

- Healthcare systems must ensure adequate follow-up infrastructure before implementing
expanded screening [451, 478]

- Follow-up standards should include both immediate clinical care and long-term monitoring
[244, 447]

- Comprehensive support systems needed, including specialists, multidisciplinary teams, and
local contacts [437]

- Clinical follow-up must address both medical and psychosocial needs of families [352]

Empirical Evidence:

- Studies show high dropout rates in follow-up despite comprehensive counseling being
offered [416]

- Research indicates limited genetic counseling resources are already strained [443]

- Evidence that early intervention can improve long-term outcomes but requires robust
follow-up systems [460]

- Data shows healthcare providers often feel unprepared to manage positive results [320]

Proposed Solutions:

- Development of standardized follow-up protocols and clinical pathways [317, 385]

- Creation of specialized reference centers for coordinated care [268]

- Implementation of comprehensive support networks including genetic counseling [378]
- Establishment of long-term monitoring systems and registries [478]
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Implemented Solutions:

- BabySeq Project: Structured disclosure process with integration into medical records [441]

- NewSTEPs data repository: Tracking and improving follow-up processes [320]

- Generation Study: Confirmation of clinical pathway capacity before implementation [517]
and development of information sheets for clinicians and for families for all conditions [89]
- NESTS program: Comprehensive post-screening management system [434]

The literature reflects strong consensus that establishing robust follow-up standards is
critical for successful gNBS implementation, with multiple programs developing various
approaches to address this challenge. However, significant gaps remain in ensuring
adequate resources and healthcare system capacity to meet these standards.
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35: How should referral networks and other follow-up care
infrastructure be developed to support families after positive
genomic findings?

Summary:

Healthcare systems currently lack sufficient infrastructure and workforce capacity to handle
the increased demands that would come from genomic newborn screening, particularly for
coordinating follow-up care across multiple specialists and providing genetic counseling
services. The literature emphasizes that comprehensive support systems that integrate
specialized expertise are needed, as are multidisciplinary care teams, and mechanisms to
ensure equitable access to follow-up services, especially for geographically dispersed and
underserved populations.

Extended synthesis:

ELSI at stake:

- The core ethical tension is between the potential benefits of early identification through
genomic screening and the healthcare system's current limitations in providing appropriate
screening without adequate infrastructure to support diagnosed families [168. 172, 213].

- There are also issues around equitable access to specialized care, particularly for rural and
underserved populations [168, 305, 406].

Arguments:

- Proponents argue that comprehensive follow-up systems are essential for realizing the
benefits of genomic screening [153, 293, 447]. This includes not just medical care but also
genetic counseling, educational resources, and psychosocial support [145, 393].

Critics highlight several challenges:

- Limited genetic counseling workforce [13, 288, 298]

- Geographic barriers to accessing specialists [168, 305]

- Risk of overwhelming existing medical genetics services [390, 414]
- Concerns about healthcare system capacity [141, 274, 282]

- Need for coordination across multiple specialties [274]

Empirical evidence:

Several studies document implementation challenges:

- Survey showing 77.3% of genetic counselors felt unprepared for increased clinical volume
[184]

- Data on geographic disparities in genetic specialist distribution [305]

- Evidence of socioeconomic disparities in follow-up care access [229]

- Reports of families struggling to access appropriate specialists [168]

- Parent interviews revealing barriers including financial, work, and childcare challenges
[377]

Proposed solutions:

69


https://onlinelibrary.wiley.com/doi/10.1002/hast.880
https://publications.aap.org/pediatrics/article-abstract/117/Supplement_3/S350/68865/A-Vision-of-the-Future-of-Newborn-Screening?redirectedFrom=fulltext
https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-021-00867-1
https://www.jpeds.com/article/S0022-3476(18)31744-X/abstract
https://www.annualreviews.org/content/journals/10.1146/annurev-genom-090413-025514
https://pubmed.ncbi.nlm.nih.gov/35645289/
https://onlinelibrary.wiley.com/doi/10.1002/hast.881
https://www.cell.com/trends/genetics/abstract/S0168-9525(25)00076-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0168952525000769%3Fshowall%3Dtrue
https://pubmed.ncbi.nlm.nih.gov/35645289/
https://publications.aap.org/pediatrics/article/152/4/e2023061727/193960/Newborn-Screening-for-Neurodevelopmental-Disorders
https://pubmed.ncbi.nlm.nih.gov/33861492/
https://pubmed.ncbi.nlm.nih.gov/26021874/
https://pubmed.ncbi.nlm.nih.gov/12051961/
https://pubmed.ncbi.nlm.nih.gov/37218892/
https://www.sciencedirect.com/science/article/abs/pii/S009551081400092X?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/20502877.2022.2124582
https://onlinelibrary.wiley.com/doi/10.1002/hast.880
https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(23)00056-1/abstract
https://jamanetwork.com/journals/jamapediatrics/article-abstract/1809380
https://pubmed.ncbi.nlm.nih.gov/35645289/
https://publications.aap.org/pediatrics/article/152/4/e2023061727/193960/Newborn-Screening-for-Neurodevelopmental-Disorders
https://www.nature.com/articles/s41390-024-03689-0
https://www.nature.com/articles/s41525-023-00349-w
https://www.mdpi.com/2409-515X/7/1/2
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.c.32031
https://molecularcasestudies.cshlp.org/content/3/3/a001842
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.c.32031
https://www.gimopen.org/article/S2949-7744(24)01031-8/fulltext
https://publications.aap.org/pediatrics/article/152/4/e2023061727/193960/Newborn-Screening-for-Neurodevelopmental-Disorders
https://www.academicpedsjnl.net/article/S1876-2859(13)00199-X/abstract
https://pubmed.ncbi.nlm.nih.gov/35645289/
https://onlinelibrary.wiley.com/doi/10.1002/jgc4.1994

The literature suggests several approaches:

- Development of regional centers of excellence [26]

- Use of telemedicine to overcome geographic barriers [213, 250]

- Digital decision aids and alternative communication channels [13]
- Standardized follow-up protocols [262, 264]

- Multidisciplinary care team models [254, 268]

- Patient navigation services [491]

Implemented solutions:

Several programs have implemented specific approaches:

- BabySeq established a Genomic Resource Center to assist with referrals [173]

- Philippine Newborn Screening Program created network of strategically located screening
centers [250]

- GUARDIAN study provided patient navigators and social workers [491]

- NESTS program in China implemented comprehensive post-screening management
system [434]
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36: Should the program plan for surveillance and follow up of
positive findings, including those with later-onset conditions?

Two sentence summary:

The literature extensively discusses the need for long-term follow-up of positive findings from
genomic newborn screening, particularly for later-onset conditions, with broad agreement
that comprehensive follow-up systems are essential but challenging to implement. Key
considerations include the resource implications of lifelong surveillance, the need for
standardized protocols, data collection for understanding natural disease progression, and
ensuring equitable access to follow-up care across healthcare systems.

Extended synthesis:

ELSI at stake:

- Tension between early identification benefits and healthcare system burden of long-term
follow-up [16, 18, 31, 48, 60]

- Ethical and biopsychosocial concerns about diagnostic accuracy, decision-making, and
medicalizing otherwise healthy individuals identified with later-onset conditions [274]

- Resource allocation challenges for comprehensive follow-up systems [68, 157, 244]

- Healthcare access inequality and disparities in follow-up care [48, 98, 327]

- Data management and privacy considerations for long-term surveillance [107]

Arguments:

Supportive:

- Early identification enables timely interventions and improved outcomes [48, 299]

- Long-term follow-up necessary for understanding natural disease progression [320]
- Comprehensive follow-up essential for maximizing screening benefits [194]

Critical:

- Creates substantial ongoing burden for follow-up centers without immediate benefit [311]
- Resource limitations may prevent adequate long-term follow-up [244]

- Risk of overwhelming healthcare systems with volume of cases requiring monitoring [107]

Empirical evidence:

- Studies show improved intervention rates when genetic screening combined with clinical
follow-up [28]

- Data from multiple centers demonstrates need for long-term monitoring of asymptomatic
carriers [60, 100]

- Evidence that some conditions have variable onset requiring extended surveillance [97,
139]

- Research shows gaps in current follow-up systems and specialist shortages [244]

Proposed solutions:

- Establishment of standardized follow-up protocols [262]

- Creation of patient registries for long-term monitoring [16]
- Development of comprehensive referral networks [98]
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- Implementation of data management systems for tracking outcomes [370]
- Multi-stakeholder planning for long-term care needs [157]

Implemented solutions:

- Beijing Newborn Screening Program: Established referral networks with designated
hospitals for follow-up [98]

- NBSTRN LPDR: Developed longitudinal data resource with common data elements [370]

- Qingdao cohort study: Implemented regular follow-up testing protocols [18]

- Multi-center deafness gene screening in Zhejiang: Combined hearing and genetic
screening with follow-up protocols [275]

- Nanjing NBGS program: Created personalized follow-up plans based on disease type [135]
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37: To what extent should the program coordinate cascade
testing, and if so to what degree relatives?

Two Sentence Summary:

Cascade testing following genomic newborn screening raises complex ethical tensions
between potential benefits to family members and issues of privacy, autonomy (e.g. right not
to know), and healthcare access barriers. Programs must carefully balance the opportunity
to identify and prevent serious conditions in relatives against challenges including consent
processes, healthcare system fragmentation, and equitable access to follow-up testing and
care.

Extended Synthesis:

ELSI at stake:

- Privacy rights (and right not to know) vs duty to warn relatives about genetic findings [17]
- Individual autonomy vs family/community health benefits [254, 487]

- Child's best interests vs benefits to extended family [313, 514]

- Healthcare access inequalities and cost barriers [504]

- Family dynamics and psychological impacts [77]

- Implementation challenges in fragmented healthcare systems [400]

- Complexities and inefficiencies of family communication, including direct vs
family-mediated contact

- NOTE: Cascade testing will have the greatest value for X-linked and autosomal dominant
conditions (see e.g. PMC1235308/).

Arguments:

Supportive:

- Cascade testing can prevent early mortality in parents, benefiting children by avoiding loss
of a parent [17]

- Identifying carriers (beyond the parents) may enable informed reproductive choices for
future pregnancies [7, 50, 509]

- Family-wide screening can have public health benefits beyond individual patients [58, 254]

Critical:

- Raises privacy concerns when contacting relatives about genetic risks [400]

- May create financial barriers for families when parents lack insurance coverage (depending
on the jurisdiction and funding for health care) [504]

- Shifts focus from child's benefit to family benefit, conflicting with traditional NBS principles
[514]

Empirical Evidence:

- BabySeq Project found actionable findings in 3.6% of family members [29, 73]

- Study showing 76.5% of cases led to specialist evaluations/procedures for family members
[29]

- Survey showing 93% of participants felt duty to inform relatives but 78% opposed direct
healthcare provider disclosure [487]
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- Low uptake of cascade testing despite potential benefits - fewer than half of at-risk relatives
get tested in US [82]

Solutions Proposed:

- Develop partnerships between public health departments and healthcare providers [400]
- Create standardized protocols using electronic medical records [400]

- Provide options for patient-controlled vs provider-assisted disclosure [358]

- Expand insurance coverage for parental testing [504]

- Implement systematic family-wide screening approaches [53]

Solutions Implemented:

BabySeq Project:

- Offers cascade testing for up to two first/second-degree relatives at no cost [440]

- Does not collect parental DNA at baseline but offers targeted testing when needed [440]
- Does not offer cascade testing for adult-onset conditions to minor siblings [440]

Note: Many articles discuss cascade testing but few document actual implemented solutions,
suggesting this remains an area where programs are still developing approaches. There
may also be variation between programs as to whether cascade testing is considered part of
NBS, or as a separate activity.
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38: How should healthcare system disparities that affect
follow-up care be addressed?

Two Sentence Summary:

Health equity gaps in follow-up care represent a critical challenge for genomic newborn
screening (gNBS) implementation, with concerns that without careful planning, gNBS could
exacerbate existing inequities in healthcare access and outcomes. Key considerations
include ensuring adequate infrastructure and resources for follow-up care, addressing
financial barriers to access treatments and services, developing support systems for
underserved populations, and creating mechanisms to ensure equitable access to genetic
expertise and specialized care across different geographic and socioeconomic contexts,
especially for communities with pre-existing healthcare disparities.

Extended Synthesis:

ELSI at stake:

- Equity in access to follow-up care and treatment after positive screening results
[2,16,271,327]

- Fair distribution of benefits from genomic screening across different populations [167,270]
- Social justice implications of universal screening without equitable follow-up capability

[77,461]

- Resource allocation and healthcare system capacity to handle increased demand [284,472]

Arguments:

- Universal gNBS could either reduce or exacerbate existing healthcare disparities
depending on implementation [157,167,270]

- Current fragmented healthcare systems create barriers to comprehensive follow-up care
[400,461]

- High costs of treatments for rare diseases may limit access despite early detection
[2,161,278]

- Geographic disparities in access to specialist expertise and treatment centers [437]

- Need to balance technological advancement with ensuring equitable access [473]

Empirical Evidence:

- Studies show current disparities in access to genetic services across socioeconomic
groups [347]

- Evidence of differential follow-up rates based on race/ethnicity and socioeconomic status
[305,327]

- Research demonstrates geographic barriers to accessing specialized care [437]

- Data shows higher rates of lost to follow-up in underserved populations [198,472]

- Cost barriers prevent complete diagnostic workup including parental testing [504]

Proposed Solutions:

- Development of telemedicine and remote care options [485]
- Implementation of patient navigator programs [491]

- Universal healthcare coverage for identified conditions [472]
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- Standardized protocols for follow-up care [309]

Implemented Solutions:

- UK's National Generation Study includes infrastructure planning for equitable access [515]
- GUARDIAN study implemented patient navigators and social workers [491]

- Some states have adopted RUSP alignment legislation requiring coverage [471]

- BabySeq project established Genomic Resource Center for referral support [173]

- European Reference Network created to support equitable access [470]

This synthesis represents the key themes from the literature regarding healthcare system

disparities in follow-up care for gNBS. The evidence suggests that careful attention to equity
in implementation planning is crucial for success.
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39: What aggregate outcomes data should the program plan to
collect?

Summary (2 sentences):

The literature emphasizes the critical importance of collecting comprehensive outcomes data
to evaluate program effectiveness, advance scientific understanding of rare diseases, and
support evidence-based policy decisions. Key considerations include: the need to balance
data collection for research purposes with the primary public health mandate, ensure
standardization across jurisdictions, and develop adequate infrastructure for long-term
follow-up while protecting privacy.

Extended Synthesis:

ELSI at stake:

- Tension between research needs and public health mandate: collecting data beyond direct
clinical benefit raises ethical questions [269]

- Equity concerns regarding access to follow-up care and outcomes across populations [2]

- Privacy and data sharing considerations when aggregating health information [229]

- Social justice implications of healthcare system disparities affecting follow-up care [2, 270]

Arguments:

Pro:

- Comprehensive data collection enables evaluation of program effectiveness and
improvement [467, 478]

- Population-wide screening provides unique opportunity to advance understanding of rare
diseases [427]

- Standardized data collection across jurisdictions allows comparison and assessment of
disparities [400]

- Data collection supports evidence-based policy decisions [467, 524]

Con:

- May exceed explicit public health mandate of protecting individual children's health [269]
- Resource constraints and implementation challenges [370]

- Privacy concerns with data sharing across systems [229]

Empirical Evidence:

- Study showing earlier intervention for children identified through screening vs those not
screened [461]

- Implementation challenges documented in pilot programs, including limited duration
affecting ability to assess long-term outcomes [370]

- Evidence of fragmented data systems hampering outcome assessment [27, 30]

Solutions (Proposed):

- Development of standardized data infrastructure and collection protocols [400]
- Creation of integrated health data systems and registries [406, 493]

- Implementation of learning healthcare systems [229]
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- Establishment of longitudinal follow-up programs [427]
- Development of common data collection modules across states [400]

Solutions (Implemented):

- Longitudinal Pediatric Data Resource (LPDR) with common data elements to collect data
from clinicians, health educators, and others who care for the individuals [370]

- BabySeq Project's longitudinal follow-up protocol to determine the economic, medical, and
behavioral impact of whole-exome sequencing [73]

- National Cancer Institute Childhood Cancer Data Initiative for surveillance following
sequencing [490]

- Ontario's expanded newborn screening program with outcome tracking [461]

- NBSTRN partners with Longitudinal Pediatric Data Resource and Ethical, Legal, and Social
Implications Advantage for data sharing infrastructure [427]

- Southwest Germany's national registries for metabolic diseases [478]
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40. What data should be stored on each baby (e.g., .fastq files,
.bam files, .vcf files, only data related to genes currently
included in the gNBS program, only gNBS results reported
back to patient’s physician or family)?

Two Sentence Summary:

This decision presents trade-offs between maximizing future clinical utility through
comprehensive data retention and managing practical constraints including storage costs,
privacy risks, and data governance complexities. While storing raw sequence data (.fastq,
.bam files) enables future reanalysis as knowledge advances, implementers must balance
this potential against substantial infrastructure requirements and environmental impacts,
consent implications for lifelong data storage, and the need for robust security measures to
protect sensitive genomic information that could impact both the child and their biological
relatives.

Extended Synthesis
ELSI at Stake

- Privacy and security risks from storing comprehensive genomic data with lifelong
implications: [31, 116, 301]

- Balance between future diagnostic utility and current storage/computational burdens: [16,
36, 56]

- Consent complexities for long-term data retention and potential secondary uses: [164, 306,
336]

- Equity issues regarding who can afford long-term data storage and reanalysis services:
[194, 211, 384]

- Questions of data ownership, control, and access rights over time: [241, 308, 493]

- Intergenerational impacts as stored data affects biological family members: [207, 309, 522]

Arguments

- Supporting comprehensive storage (raw files):

- Enables reanalysis as genomic knowledge rapidly expands: [16, 32, 121]

- Could provide diagnostic answers for children who develop symptoms later: [36, 84, 160] -
though whether this would be faster and more efficient than conventional clinical diagnostic
sequencing remains to be determined and will likely vary with several factors

- Maximizes research potential and public health benefits: [65, 124, 337]

- Preserves option value for future technologies and interpretations: [191, 316, 471]

- Cost-efficient in long term as resequencing avoided: [191, 420, 241]

Supporting minimal storage (results only):

- Reduces privacy and security risks from data breaches: [30, 67, 77]

- Minimizes storage costs and computational infrastructure needs: [194, 450]
- Simplifies consent and governance requirements: [164, 306, 336]
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- Reduces computational burden on health systems: [92, 157, 430]

- Aligns with traditional NBS practice of storing minimal data: [241, 380, 486]

Empirical Evidence

- Technical assessments project exponential growth in storage requirements, with costs
potentially exceeding screening itself: [44, 58, 157]

- Security vulnerability analyses document significant breach risks for genomic databases:
[31, 116, 301]

- Reanalysis studies demonstrate an improvement in diagnostic yield over time: [32, 121,
160Q]

- Cost analyses reveal ongoing expenses of $50-200 per genome per year for storage and
curation: [194, 415]

- Parent preference studies identify privacy as primary concern, with many preferring limited
retention: [164, 206, 289]

- Health system assessments reveal current infrastructure inadequate for population-scale
genomic data: [92, 180, 430]

- Studies show data sharing barriers between institutions limiting utility of stored data: [276,
516]

Proposed Solutions

- Hybrid storage models: raw data retained short-term (1-2 years), processed data long-term:
[36, 107, 316]

- Centralized secure repositories with standardized access controls and audit trails: [67, 77,
297]

- Tiered opt-in/opt-out frameworks for different storage durations and data types: [164, 306,
463]

- Cloud-based solutions with encryption and privacy-preserving technologies: [95, 179, 392]
- Clear data governance policies specifying use limitations, access rights, and deletion
timelines: [241, 308, 493]

- Automated reanalysis pipelines triggered by knowledge updates: [16, 84, 121]

- Interoperable systems enabling data portability while maintaining security: [276, 414, 516]
- Cost-sharing models between healthcare systems, insurers, and families: [194, 384, 450]
- Blockchain-based systems for maintaining data provenance and access logs: [392, 493]

- Federated learning approaches allowing analysis without data sharing: [517]

Implemented Solutions

No specific real-world implementations documenting actual data storage decisions and
outcomes in operational newborn genomic screening programs were identified in the
reviewed literature. All solutions discussed remain in proposal or pilot phases.
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41: For how long should sequence data be maintained (legal
minimum or longer)?

Two-Sentence Summary:

Long-term data storage (beyond what is legally required) is not an essential component of
gNBS but may have profound implications for a project’s/program’s costs, consent protocols,
risks, and public acceptance. The duration of genomic data storage from newborn screening
presents a fundamental tension between potential future clinical benefits and risks to privacy
and public acceptance, with considerations including costs of storage, data security,
potential for reanalysis as knowledge advances (versus the possible need to re-test using
new technology), the rights of the parents to withdraw from data storage rights of the child to
make decisions about their data when they reach majority. Implementers must carefully
weigh the trade-offs between destroying data to protect privacy versus maintaining it for
future clinical use, while considering practical constraints like storage costs, feasibility in a
screening paradigm, technological evolution, and regulatory requirements.

Extended Synthesis:

ELSI at Stake:

241, 321, 493]

- Child's future autonomy rights vs. current parental decisions [32, 349, 519]

- Cost and environmental impact of long-term data storage [84, 191, 223]

- Data ownership and control transitions from parents to child [179, 332, 486]

- Balancing public health benefits against individual privacy rights [311, 390]

- Storage of data, including dried bloodspots, and a lack of transparency around this, has
been a key driver of public mistrust of newborn screening [430]

Arguments:

Pro longer storage:

- Enables reanalysis as genetic knowledge advances [16, 223, 332]

- Valuable for future diagnostic purposes if symptoms develop and if gNBS data is sufficient
for diagnostic purposes [16, 510]

- Could reduce diagnostic delays and healthcare costs [16, 332]

- One-time sequencing could provide lifetime value [332, 510]

Against longer storage:

- Privacy risks increase with storage duration [13, 241, 390]

- Technological advances may make stored data obsolete [241, 515]
- Storage costs may outweigh benefits [191, 241]

- May erode public trust in screening programs [311, 390]

- Future discrimination risks [206, 463]

Empirical Evidence:
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- Survey of parents and healthcare providers in Hong Kong showed 72.3% support storing
data beyond current 6-month practice (396)

- Study of dried blood spots showed DNA quality decreases with storage time but remains
usable for up to 20 years with proper storage conditions [500]

- Parent interviews revealed mixed views on data storage, with desire for control over data

use [349, 377]

Solutions Proposed:

- Age-adjusted communication of results [95]

- Encrypted cloud-based storage systems [S6]

- Variant call file storage instead of raw data to reduce size [465]
- Giving parents control over storage decisions [278]

- Obtaining new consent at age of majority [191]

- Periodic reanalysis protocols [223]

Solutions Implemented:

- Michigan Biobank: indefinite storage with research access [186, 204]

- German law: 10-year mandatory destruction [528]

- Denmark: storage with multiple approval requirements for access [204]

- UK Newborn Genomes Programme: approaching participants at age of majority for
decisions about their data [486]

- Belgian pilot: 5-year secure storage requirement [371]
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42: Who will store the data and where will it be stored?

Two-Sentence Summary:

The storage of genomic data from newborn screening raises significant technical, ethical,
and legal challenges around data security, privacy protection, and long-term accessibility.
Implementers must balance the clinical and research utility of maintaining genomic
data—and making it accessible when and where needed—against privacy risks, storage
costs, and infrastructure requirements, while ensuring appropriate governance frameworks
for data access, management, and interoperability.

Extended Synthesis:

ELSI at stake:

- Privacy and data security concerns vs. clinical utility and research value [6, 13, 30, 144,
177, 306]

- Data ownership rights and transfer between parents and children [6, 179, 267]

- Infrastructure and cost burden of storing massive genomic datasets [7, 58, 336]

- Long-term accessibility and reanalysis capabilities [56, 144, 329]

- Integration with healthcare systems and electronic health records [242, 455]
Arguments:

Supportive:

- Genomic data has lifetime value for healthcare and should be maintained in medical
records [332, 423]

- Secure data platforms with parent-controlled access can protect privacy while enabling
beneficial use [6]

Critical:

- Government control of sensitive genetic information raises privacy concerns [306, 308]

- Current healthcare systems lack adequate infrastructure for secure long-term storage [455]
- Storage costs and environmental impact may be prohibitive [191]

- Privacy risks may outweigh benefits as sequencing becomes cheaper [241]

Empirical Evidence:

- Survey of genetic counselors identified data storage infrastructure as key practical concern
[184]

- BeginNGS study developed cloud-based system reducing computational costs by 33-fold
[6]

- Danish study showed successful storage and use of dried blood spots for 27-29 years [51]
- Parent focus groups revealed concerns about healthcare system's ability to manage data
[349]

- Pilot study generating 3.5 terabytes of data from 3,847 babies highlighted scaling
challenges [371]

Proposed Solutions:

Technical:
- Cloud-based storage with encryption and access controls [6, 371]
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- Store variant call files only to reduce data volume [336]
- Integration with electronic health records to improve diagnostic and treatment accuracy and
efficiency [242]

Policy:

- Parent-controlled data platforms with transparent rights [6]

- Clear governance frameworks for data access [277]

- Strict legislative protection against unauthorized access [482]

Implemented Solutions:

- BeginNGS: Cloud-based system using multi-dimensional arrays (TileDB). Secure platforms
house the data and allow parents and patients access. Data is encrypted and isolated
between trusted environments, which are tested and updated. [6]

- Danish Newborn Screening Biobank: Long-term storage of dried blood spots [51]

- California Biobank Program: Local server storage of raw clinical and genetic data [392]

- Luna PBC platform: Parent-controlled data access system [G]
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43: What security and privacy measures should be
implemented to protect genomic data?

Two Sentence Summary:

Implementing genomic newborn screening requires robust privacy and security measures to
protect sensitive genetic data from unauthorized access, discrimination, and potential
misuse by third parties including insurers, employers, and law enforcement. Key
considerations include data storage infrastructure, access controls, encryption, consent
processes for data sharing, and legal frameworks to prevent genetic discrimination, with
particular attention needed for marginalized communities who may be more vulnerable to
privacy breaches and discrimination.

Extended Synthesis:

ELSI at stake:

The primary ethical-legal-social issues concern protecting sensitive genomic data while
Key concerns include:

- Privacy and confidentiality of genetic information [132, 134, 144, 211]

- Risk of genetic discrimination in insurance and employment [164, 239, 523]

- Potential misuse by law enforcement or other third parties [306, 472, 486]

- Special vulnerabilities of marginalized communities [277]

- Data ownership and control rights [223, 277, 347]

- Balancing privacy protection with research benefits [384, 470]

Arguments:

Pro stronger privacy protection:

- Genomic data is uniquely sensitive and identifiable [179, 223, 515]
- Current legal protections are insufficient [463, 477]

- Privacy breaches could have lifelong consequences [306, 523]

- Risk of creating genetic surveillance infrastructure [447, 486]

Pro data sharing/access:

- Clinical benefits of data availability for future diagnosis [16, 124, 521]
- Research benefits from aggregated data [132, 167]

- Cost-effectiveness of reanalysis vs. repeat sequencing [191, 241]

Empirical Evidence:

Studies document:

- Public concerns about privacy and data security [347, 349, 357, 360]
- Healthcare provider concerns about discrimination [357, 523]

- Differential privacy concerns across populations [167, 277]

- Examples of unauthorized access attempts [306, 390]

Solutions (Proposed):
Technical:
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- Secure cloud-based storage systems with provisions for hybrid or federated systems [6,
371]

- Data encryption and access controls, alerts and provenance tracking [187, 474]

- Standardised de-identification protocols [409]

Policy:

- Legal protections against discrimination [164, 384]

- Clear governance frameworks for data access [167, 482]

- Transparent consent processes with sufficient informational engagement [144, 515

Solutions Implemented:

Programs reporting implemented solutions include:

- GUARDIAN study: Certificate of confidentiality, restricted data release [315, 316]

- BeginNGS: Multi-dimensional array system for data management [6]

- UK Newborn Genomes Programme: Non-identifiable data publication policy [392]

- Virtual Repository of Dried Blood Spots (VRDBS): Web-based tool with privacy protections

[320]
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44: How will requests to delete data be managed?

Two-Sentence Summary:

The management of data deletion requests in gNBS programs involves balancing parental
rights, future autonomy of the child, and public health benefits against privacy concerns and
potential misuse of genetic information. Programs must consider whether to allow parents
and/or children to request data deletion, at what age control transfers from parents to
children, and how to balance these requests against the potential future clinical and research
utility of the data, along with regional legal requirements.

Extended Synthesis:

ELSI at Stake:

- Individual privacy rights and autonomy vs. public health benefits and research utility [74,
86, 107, 124, 142, 194, 215, 241]

- Future autonomy of the child vs. parental decision-making authority [309, 377]

- Trust in public health institutions vs. data retention [220, 447]

- Protection against potential discrimination and misuse [124, 206]

Arguments:

Non-empirical assessments largely focus on three main perspectives:

1. Pro-deletion rights:

- Individuals should have control over their genetic information [220, 221]
- Privacy risks may outweigh benefits of long-term storage [241, 524]

- Risk of discrimination and misuse justifies deletion rights [124, 206]

2. Against broad deletion rights:

- Potential future clinical benefits of retained data [124]

- Research value of comprehensive datasets [194]

- Cost-effectiveness of maintaining data vs. resequencing [241]

3. Nuanced positions:
- Need to balance privacy concerns with clinical utility [124, 223]
- Consider tiered approaches to data retention and deletion [194]

Empirical Evidence:

Limited empirical evidence in the extracts, but two relevant findings:

- Parents express desire for control over their children's genetic information [377]

- Legal challenges in multiple states have led to requirements for deletion options [306]

Solutions (Proposed):

Several approaches suggested:

1. Time-limited storage with automatic deletion [194]

2. Tiered consent system allowing different levels of data retention [377]
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4. Resequencing when needed rather than long-term storage [241]

Solutions (Implemented):

Several implemented solutions reported:

- Texas: Required parental option to request destruction of residual dried blood spots [309,
321]

- Minnesota: Written consent required for long-term storage [309]

- Some states allow parents to opt out of storage, though many parents are unaware of this
option [306]
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45: Should parents or the child be able to access their data
(this may be legally required), and, if so, what information
should be provided?

Two-Sentence Summary:

The literature highlights a fundamental tension between parents' rights to access their
children's genomic data and the child's future autonomy, with additional considerations
around data privacy, clinical utility, and potential discrimination. Implementers must balance
providing appropriate parental access for healthcare decisions while protecting the child's
future interests and right to privacy, with particular attention to consent processes, data
ownership transfer mechanisms, and clear protocols for data access and protection.

Extended Synthesis:

ELSI at stake:

- Parental rights vs. child's future autonomy [84, 36]

- Data privacy and protection vs. clinical utility/access [178, 135, 160]

- Control and ownership of genomic information over time [179, 181, 188]
- Questions of data transparency vs. privacy protection [447]

Arguments:

Supporting parental access:

- Parents need access to make informed healthcare decisions [332]

- Data has lifetime clinical value and utility [332, 423]

- Restricting access could lead to mistrust in public health programs [220]

Against unrestricted parental access:

- Could violate child's future privacy rights and autonomy [84, 188]

- Risk of genetic discrimination in insurance/employment [178]

- Concerns about maintaining confidentiality throughout child's life [188]

Empirical Evidence:

- Parents generally want access to their child's genomic data but express concerns about
privacy and data security [349, 377]

- Focus groups reveal mixed views on data storage, with most supporting inclusion in
medical records while wanting control over data use [377]

- Privacy concerns particularly acute among participants of color [160]

- Parents want transparency about how data will be used [160]

Proposed Solutions:

Technical/Policy:

- Secure, parent-controlled data platforms with transparent rights that transfer to child [6]
- Integration with electronic medical records with appropriate access controls [521]

- Clear protocols for data access and ownership transfer [179]

Institutional:
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- High data protection standards with clear regulation of data access [437]
- Extreme transparency in data handling to maintain public trust [447]

Solutions Actually Adopted:

- The literature extracts do not report specific examples of implemented solutions by existing
programs, though article [6] mentions that Luna PBC has developed such a system for
natural history studies in childhood genetic diseases. The system allows for secure access
to the parents, which transfers to the child and can be integrated into other medical care.
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46: Will there be a process of transferring data ownership from
the parents to the child?

Two Sentence Summary:

The literature extensively discusses the ethical tension between parental proxy
decision-making for newborn genomic screening and preserving the child's future autonomy
to make decisions about their genetic information. A key consideration for implementers is
developing mechanisms to transition control of genomic data from parents to children as
they mature, while ensuring appropriate data storage, privacy protections, and clear policies
for accessing and managing the information throughout the individual's lifetime.

Extended Synthesis:

ELSI at stake:

- The core ethical issue involves balancing parental authority to make healthcare decisions
for their children against protecting the child's future autonomy regarding their genetic
information [36. 84, 142, 192, 277, 282, 505]. This raises questions about privacy protection,
data ownership, and the right of individuals to control access to their genetic information
throughout their lifetime [6, 179, 232, 248, 460].

Arguments:

- Proponents of establishing transfer processes argue that since genomic information has
lifelong implications, individuals should have control over their genetic data when they reach
maturity [6, 181, 460].

- Critics argue that collecting comprehensive genetic information at birth without the person's
consent fundamentally violates their future autonomy [84, 393].

- Some suggest a middle ground where certain information is held "in trust" until the child
reaches an appropriate age [473].

Empirical Evidence:

- Focus groups with young adults revealed concerns about parents making decisions about
genomic screening that would impact them as adults, potentially removing their right to
choose what information they want to know about themselves [505].

- A survey of healthcare providers in Bulgaria showed concerns about children's future
autonomy regarding genetic information [523].

- Studies involving parents indicated support for their children having control over their
genetic information when they reach adulthood [377].

Solutions (Proposed):

Several approaches have been suggested:

- Secure, parent-controlled data platforms with transparent rights that transfer to the child at
the age of consent [6]

- Staged disclosure of genomic information based on age and clinical actionability [288]

- Systems for re-consent at adolescent/adult age for storage and future use of data [191]

- Age-appropriate transfer of genomic information control with clear protocols [505]

- Holding information "in trust" until the child reaches maturity [473]
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Solutions Implemented:

- The UK Generation Study reports that they plan to approach participants when they come
of age to ask them what they would like done with their data [486].

- Luna PBC has developed a system for natural history studies in childhood genetic diseases
that includes transfer of rights to the child [6].
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47: Who will the data be shared with, for which purposes, (e.g.
data federation for purposes of directly improving the public
health program), and which data will be shared?

Two-Sentence Summary:

Data sharing decisions for genomic newborn screening programs must balance the critical
need for international collaboration to advance rare disease research and variant
interpretation against privacy concerns, potential misuse, and discrimination risks.
Implementers must carefully consider multiple stakeholder perspectives on who should have
access to the data (e.g., clinicians, researchers, industry partners, law enforcement),
establish robust governance frameworks for data protection, and determine appropriate
consent processes for secondary uses while ensuring compliance with relevant regulations.

Extended Synthesis:

ELSI at Stake:

467, A72]

- Data federation needs vs privacy regulations [187, 470]

- Equitable access vs potential discrimination [179, 521]

- Individual control over genetic information vs societal benefit [251]
- Law enforcement access concerns [179, 472, 486]

Arguments:

Supportive:

- International data sharing is essential for rare disease research and variant interpretation
[105, 467]

- Shared resources can standardize and accelerate genomic interpretation [3]

- Biobanking valuable for future research [329]

Critical:

- Risk of genetic discrimination by insurers [179, 423]

- Concerns about law enforcement access disproportionately affecting minorities [472]
- Privacy risks from centralized data repositories [486]

- Need to protect unconsented children's future privacy rights [418]

Empirical Evidence:

- Survey of UK medical students (n=116) showed strong support for clinician access (97%)
and NHS-affiliated research (75%) but limited support for external research groups (18%)
[360]

- Interviews with Australian healthcare professionals revealed concerns about access by law
enforcement, population databases, researchers, and clinical staff [65]

- Workshops with 148 participants showed consistent concerns about third-party access
across different screening contexts [63]

Solutions Proposed:
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- Development of federated data sharing systems [467]
- Creation of secure platforms for genetic data sharing [470]
- Implementation of comprehensive privacy frameworks [187]

Solutions Implemented:

- Michigan Biobank's model includes IRB review, consent requirements, and de-identification
to allow left over blood spots for scientific use [186]

- Virtual Repository of Dried Blood Spots (VRDBS) facilitates researcher with IRB permission
access while maintaining privacy protections [320]

- California Department of Public Health restricts genotype data sharing to approved
research teams [234]

- International Consortium on Newborn Sequencing (ICoNS) formed for harmonizing
resources and scientific evidence [218]
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48: Will there be any allowed secondary use of the data
(beyond purpose of screening, quality assurance, program
development), and if so, what governance structures would
oversee it?

Summary:

Secondary use of newborn screening genomic data presents a fundamental tension
between advancing scientific knowledge/improving healthcare and protecting individual
privacy/autonomy. Implementers must carefully consider governance structures that balance
research benefits with privacy protections, while maintaining public trust through
transparency and appropriate consent mechanisms.

Extended Synthesis:

ELSI at stake:

- Privacy protection vs research benefits/scientific advancement [6, 31, 77, 274, 282]
- Individual autonomy vs collective knowledge generation [229, 467]

- Research-clinical care boundaries and distinctions [269, 282, 515]

- Data ownership and control rights [65, 486]

- Public trust in newborn screening programs [244, 321]

Arguments:

Supportive:

- Genomic data sharing is essential for advancing understanding of rare diseases and
improving variant interpretation [206, 218, 469]

- Population-level data could accelerate therapy development [415]

- Research use of archived samples represents an invaluable resource [235, 329]

Critical:

- Privacy concerns about long-term storage and potential misuse [220, 423]
- Risk of genetic discrimination and unauthorized access [309, 467]

- Research uses may exceed public health mandate [269]

- Could undermine trust in screening programs [450]

Empirical Evidence:

- Survey of 1,539 US parents showed decreased interest in GS when told data might be
stored/used for research [355]

- Survey of Bulgarian healthcare providers (n=72) found 69.9% support research use only
with informed consent [523]

- Survey of UK medical students showed strong support for clinician/NHS researcher access
(97%/75%) but limited support for external research access (18%) [360]

- Parents of children with hearing loss valued contributing to research through data sharing
[361]

Solutions Proposed:
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- Developing clear governance frameworks distinguishing clinical and research uses [282,
321]

- Implementing dynamic consent models [228]

- Creating federated data sharing systems [187, 467]

- Increasing transparency about benefits of data storage/use [321]

Solutions Implemented:

- Michigan Biobank: IRB review requirements and de-identification procedures for research
access [186]

- California Department of Public Health: Restricts genotype data sharing beyond approved
research team. One must reach out to the research team at Stanford to obtain access. [234]
- BeginNGS: Created ELSI workgroup to provide guidance [120]

- UK Generation Study: Making de-identified data available as a research resource and
approaching participants at age of consent for the majority of long-term data management
decisions [486]
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49: Should genomic data be periodically reanalyzed as
knowledge that impacts variant interpretation advances (and if
so, with what time limit)?

Summary:

Periodic reanalysis of genomic data for symptomatic individuals is widely recognized as
crucial due to the rapidly evolving nature of genetic knowledge, with studies showing
significant changes in variant interpretations within just 1-2 years. However, implementers
must carefully weigh the potential benefits of reanalysis against substantial resource
requirements and challenges in determining responsibility for updates, storage, and
recontact procedures.

Extended Synthesis:

ELSI at Stake:

The core ethical-social issues involve balancing the potential benefits of reanalysis against
practical and resource limitations [102, 160, 329], including:

- Duty to recontact vs practical feasibility [504]

- Long-term data storage and privacy concerns [56, 329]

- Resource allocation and cost implications [160]

- Equitable access to reanalysis benefits [423]

- Responsibility for updates and recontact [297]

Arguments:

Supportive arguments:

- Reanalysis allows genomic data to serve as a "resource for life" [289, 516]
- Enables rapid response to new genomic advances [S8]

- More efficient than repeated testing [364]

- Maximizes value of initial sequencing investment [510]

Critical arguments:

- Creates overwhelming burden on healthcare systems [297]

- Raises questions about long-term storage costs and security [56]
- Lack of standardization in reanalysis procedures [408]

- Uncertainty about responsibility for updates [329]

Empirical Evidence:

- MedSeq Project found 22% of reports had updates/changes in variant interpretations after
1-2 years [376]

- BabySeq Project found 5% of well-baby nursery infants developed indications prompting
reanalysis during study period [253]

- Study of postmortem genetic analysis highlighted limitations of interpretation without
ongoing clinical correlation [372]

Proposed Solutions:
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- Development of sophisticated systems to integrate functional data, variant penetrance, and
clinical data [20]

- Creating centralized variant repositories [142]

- Implementing Al tools with regular updates [388]

- Establishing clear policies for reanalysis timing and responsibility [376]

- Cloud-based storage with appropriate security measures [56]

Implemented Solutions:

- BabySeq Project: Real-time variant assessment and gene curation updates as new
variants are found [441]

- Early Check: Regular re-evaluation of gene-condition pairs at 6-12 month intervals. They
plan to recheck panel 2 when new therapies emerge to see if patients are candidates for
panel 1 (actionable arm). [24]

- Magic Bison system: Built-in capabilities for periodic data reanalysis for actionable
conditions during follow-ups, in addition to periodic checks. [47]

- BeginNGS: Panel inquiry approach allowing updates over time, with annual updates ideally
[120]

- AUDIOME: Targeted analysis followed by full exome analysis as needed [299]
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50: Should genomic data be periodically reanalyzed as the
gene list changes (and if so, with what time limit)?

Two-Sentence Summary:

The literature related to symptomatic individuals strongly suggests that genomic data should
be periodically reanalyzed as gene lists evolve, given the rapid pace of discovery in genetic
medicine and emergence of new treatments that could make conditions actionable.
However, implementers must carefully consider whether this literature is relevant in the
screening setting, as well as the resource implications, legal obligations, and infrastructure
requirements for long-term data storage and reanalysis processes.

Extended Synthesis:

ELSI at stake:

- The key ethical issues center on balancing the potential benefits of reanalysis against
resource constraints and system capabilities [3, 24, 56]. This involves technical-ethical
considerations about data management and storage [107], questions of intergenerational
equity and future health benefits [186], and responsibilities regarding ongoing surveillance
and updates [160].

- Social justice considerations arise regarding healthcare access and the potential reduction
of health disparities through expanded detection capabilities [363].

Arguments:

Supportive arguments emphasize:

- The cumulative benefits of having genomic data available for reanalysis as knowledge
advances [58, 62, 160]

- Greater efficiency compared to repeated targeted testing [364]

- Potential for improving diagnostic yield over time as new genes are discovered [299]

- Ability to adapt to emerging treatments and evidence [294, 108]

Critical perspectives highlight:

- Resource implications of storing and reanalyzing data long-term [160]
- Questions about legal obligations if reanalysis isn't performed [160]

- Potential strain on healthcare systems and providers [244]

- Concerns about technological obsolescence [515]

Empirical Evidence:

Limited empirical evidence is presented in the literature, but includes:

- The BabySeq Project found that 5% of well-baby nursery infants developed indications
requiring reanalysis during the study period [253]

- Regression analysis showing that improved knowledge of gene-disease relationships
increased likelihood of inclusion in newborn screening programs by 14.8% [108]

Solutions (Proposed):

- Create adaptable gene panels with regular re-evaluation schedules [294]
- Develop data systems supporting longitudinal follow-up [471]
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- Implement cloud-based storage with appropriate security measures [56]
- Limit data storage and reanalysis to clinically indicated cases [160]
- Use whole genome sequencing with bioinformatic filtering rather than fixed panels [482]

Solutions Actually Adopted:

Several programs have implemented solutions:

- BabySeq Project: Periodic updates to gene classifications as new evidence emerges [3]

- Early Check: Regular re-evaluation of gene-condition pairs at 6-12 month intervals [24]

- Magic Bison: System with built-in capabilities for periodic data reanalysis [47]

- BeginNGS: Using whole genome sequencing but only returning results for conditions on a
predefined panel that can be updated [120]

- UK Generation Study: Working group focused on consent processes for research and
reanalysis [112]
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51: Should there be any planned disclosures of information that
is relevant later in life?

Two Sentence Summary:

The literature extensively discusses the ethical tension between providing potentially
beneficial health information throughout life versus protecting the child's future autonomy
and right not to know. A key consideration is whether and how to implement systems for
staged disclosure of genetic information at developmentally and clinically appropriate times,
balancing the benefits of early knowledge against the challenges of storing and managing
genomic data long-term. A further key consideration is the extent to which information
relevant later in life is ‘core business’ of NBS.

Extended Synthesis:

ELSI at Stake:

The core ethical issues involve:

- Tension between child autonomy and parental authority regarding access to genetic
information [3,34,46,282,466]

- Right to an open future vs. potential health benefits throughout life [207,393,521]

- Privacy and control of genetic information across the lifespan [178,465,473]

- Financial and capacity challenges of managing and storing genomic data long-term

[297,510]
- Intergenerational equity and future health benefits [186]

Arguments:

Supporting planned disclosure:

- Genomic data could provide lifelong health benefits through periodic reanalysis
[207,213,259]

- Early knowledge allows for preventive interventions and better health outcomes [7,85,229]
- Sequential analysis could improve cost-effectiveness [56]

Against planned disclosure:

- Violates child's future autonomy and right not to know [141,309,336]
- Creates burden of knowledge years before clinical relevance [213]
- May cause unnecessary anxiety or psychological harm [320]

Empirical Evidence:

Studies show:

- Parents prefer early return of results regardless of age of onset [66]

- Young adults express concerns about parents making decisions that impact their adult lives
[509]

- Healthcare providers worry about patients being lost to follow-up after receiving complex
genomic information [205]

- All newborns carry some actionable variants relevant to future health [18]

Proposed Solutions:
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- Age-based tiered disclosure systems [34,214,223]

- Electronic health records and data linkages for lifetime coordination [225]
- Regular reanalysis protocols with appropriate resourcing [465]

- Opt-in approaches for parents to receive adult-onset information [3]

- Holding information "in trust" until appropriate age [473]

Implemented Solutions:

Several programs have adopted specific approaches:

- NC NEXUS created age-based categories separating childhood from adult-onset
conditions [34]

- Magic Bison system incorporates future disease risk assessment [47]

- BabySeq allows parents to opt-in to receiving adult-onset information [182]

The literature suggests most programs are still working to develop comprehensive

approaches to managing disclosure of genetic information across the lifespan, with ongoing
debate about optimal strategies.
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52: Should the data be available for diagnostic purposes, if the
child develops a phenotype?

Two-Sentence Summary:

The literature predominantly supports making genomic data available for future diagnostic
purposes, citing benefits like reduced diagnostic delays and cost-effectiveness of
reanalyzing existing data versus new testing. However, this raises important considerations
around data provenance, data quality, storage infrastructure, privacy protections, and
consent processes that need to be carefully addressed in implementation. Additionally,
implementers should also consider the ease with which (newer) genome sequencing can be
done for diagnostic purposes.

Extended Synthesis:

ELSI at stake:

- Tension between potential clinical benefits and privacy/data protection concerns [16, 232]
- Questions of data ownership and transfer from parents to child [121]

- Balance between immediate versus lifetime utility of genomic data [253, 516]

Arguments:

Supporting:

- Could reduce diagnostic delays for rare diseases [16]

- More economical than repeat testing [7, 253]

- Provides lifelong health resource for families [465]

- Enables rapid response to new genomic advances [423]

Critical:
- Raises privacy and discrimination concerns [232, 491]

Empirical Evidence:

- BabySeq Project found 5% of well-baby nursery infants developed indications requiring
genomic analysis during study period [253]

- Interview study with parents showed support for storing data for future clinical use [121]

- Study of healthcare professionals in Australia revealed support for long-term storage with
option for individual choice [65]

Solutions (Proposed):

- Optional secondary uses with parental consent and eventual transfer to child [6]

- Secure long-term storage with controlled access [16]

- Quality assessment protocols to determine if reanalysis needed [289]

- Tiered disclosure system based on clinical relevance and timing [329]

- Legislation to protect confidentiality while enabling appropriate clinical access [491]

Solutions (Implemented):
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- Wisconsin project exploring use of stored genomic data for diagnosis and treatment
optimization in cystic fibrosis (CF) patients. The previously masked data that didn’t focus on
CF was kept and able to be revisited. [459]

- Luna PBC developed a system to securely store genetic data for parents and children,
which could have the option of phenotype-informed secondary diagnostics when physicians
order re-evaluation of genetic data previously collected. [6]

- BabyScreen+: performed clinically accredited testing, and data is available for diagnostic
reuse. Participating families are made aware of this as part of education/consent and at the
return of results.

Note: The literature emphasizes careful consideration of governance structures and consent

processes, suggesting implementers should develop clear policies around data access,
privacy protection, and transfer of control to the individual when they reach adulthood.

104


https://www.mdpi.com/2073-4425/11/4/401
https://www.cell.com/ajhg/fulltext/S0002-9297(22)00355-X?dgcid=raven_jbs_etoc_email%22

53: Should the ability to recontact parents, and eventually the
child, be maintained, and if so, how?

Two-Sentence Summary:

The ability to recontact parents and eventually the child is viewed as crucial for multiple
purposes including research participation, variant reclassification, disclosure of adult-onset
conditions, and transfer of genetic information when the child reaches maturity. The main
challenges involve establishing robust systems for maintaining contact over long periods,
determining responsibility for recontact, and creating clear procedures for transferring
information control from parents to children.

Extended Synthesis:

ELSI at stake:

- Ethical responsibility to communicate updated genetic information vs practical limitations of
maintaining long-term contact [82, 504]

- Child autonomy and right to access their genetic information vs parental control [142]

- Privacy and confidentiality in maintaining long-term contact information [26]

- Responsibility for ensuring appropriate transfer of information between healthcare
providers, parents, and eventually children [85]

Arguments:

- Support for recontact: Facilitates development of treatments for rare disorders [26], enables
sequential interrogation of genomic data [56], allows staged disclosure of genetic information
at appropriate life stages [223]

- Concerns: Lack of binding regulations creates gaps in follow-up [82], challenges in
maintaining accurate information transfer over long periods [85], uncertainty about
responsibility for ensuring disclosure [85]

- Debate over whether parental consent for minors' participation should require reconsent at

majority [142]

Empirical Evidence:

- Study showing poor documentation and parental awareness of screening results in Russia,
highlighting importance of robust documentation systems [480]

- Limited research on how parents explain genetic risks to children, though evidence
suggests communication often occurs before majority age [232]

Proposed Solutions:

- Creation of privacy-protected registries with opt-in consent for research participation [26]
- Robust process of recontact and reconsent at age of majority [142]

- Electronic health records and record linkages for lifetime coordination of genetic
information [225]

- Development of support systems for parents in communicating genetic information to
children [232]

- Implementation of database systems to track variants and generate updates when
classifications change [504]
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Implemented Solutions:

- Laboratory system for tracking variant reclassifications and generating lists of cases
requiring updated reports. An internal database flags cases with reclassifications. The
research team can let the patient’s provider know about the reclassifications that are not
benign so that the provider can let patients know [504]

- No other specific implemented solutions were described in the extracted literature
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54: How should project success be defined and measured?

Summary:

The literature emphasizes that defining and measuring success in genomic newborn
screening (gNBS) requires balancing multiple dimensions including clinical utility,
cost-effectiveness, equity of access, and psychosocial impacts on families. Attention is also
needed to the effect on competing public health priorities, the need to evaluate public
participation or public buy-in, the effect on existing newborn screening programs, or access
to appropriate followup. The literature emphasizes the need for comprehensive evaluation
frameworks that go beyond traditional clinical outcomes to include both quantitative metrics
and qualitative assessments of program impacts across stakeholder groups

Extended Synthesis:

ELSI at stake:

- Tension between measuring narrow clinical outcomes versus broader societal impacts
[272, 431], including competing public health priorities, how successful public education has
been, how much public buy in there is

- Challenge of balancing individual benefits against population-level outcomes [169, 526],
including impact on traditional newborn screening

- Need to consider both short-term and long-term impacts [373, 437]

- Equity considerations in how success is defined and measured [2, 270]

Arguments:

- Success metrics should include both clinical and social outcomes [229, 392, 472]

- Need to move beyond traditional cost-effectiveness measures to include quality of life
impacts [272, 502]

- Programs should be evaluated on their ability to reduce health disparities [2, 169]

- Importance of considering both benefits and potential harms [319, 320]

- Need for transparency in how success is defined and measured [26, 319]

- Impact on the broader NBS ecosystem should be considered, including whether there is
any change to uptake of traditional NBS, and whether connections to followup care continue
to function well

Empirical Evidence:

Existing empirical evidence is focused on individual and not public health outcomes:
- BabySeq Project showing both clinical utility and psychological impacts [394, 449]
- Studies showing cost savings from early diagnosis [191]

- Research on parental perspectives and decision-making [502, 503]

- Evidence on diagnostic yield and clinical management changes [253, 434]

- Limited long-term outcome data available [320, 373]

Proposed Solutions:

- Development of comprehensive evaluation frameworks [272, 432]

- Implementation of standardized metrics across programs [105]

- Regular stakeholder engagement in defining success metrics [272, 392]
- Longitudinal follow-up systems [270, 373]
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- Integration of both quantitative and qualitative measures [232, 392]

Implemented Solutions:

Existing implemented solutions are focused on individual and not public health outcomes.
- BabySeq Project's multi-dimensional evaluation framework including clinical, behavioral,
and economic impacts [441]

- NC NEXUS project's approach to measuring decisional outcomes [502, 503]

- BeginNGS program's staged implementation with iterative evaluation [120]

- Generation Study's systematic feedback collection from participants and healthcare
providers [517]

- Screen4Care EU-IMI project's comprehensive evaluation approach [407]

- BabyScreen+: participant surveys [391]

This synthesis demonstrates the complexity of defining and measuring success in gNBS
programs, with a clear trend toward more comprehensive evaluation frameworks that
consider multiple stakeholder perspectives and outcomes. The literature suggests that
successful implementation requires careful attention to both clinical and social impacts, with
regular evaluation and adjustment based on evidence.
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55: What governance system should be put in place for
managing emerging issues?

Two Sentence Summary:

The literature emphasizes that implementing genomic newborn screening requires
comprehensive governance systems that can address multiple challenges including ethical
oversight, stakeholder engagement, data sharing, quality assurance, and cross-jurisdictional
coordination. A key consideration is the need to balance rapid technological advancement
with careful ethical implementation while ensuring programs maintain public participation and
protect their core public health mission, likely involving advisory boards and governing
agencies.

Extended Synthesis:

ELSI at Stake:

- Tension between technological advancement and ethical implementation [220]
- Balance between research value and protecting public health mission [411]

- Need to coordinate across jurisdictions with varying governance models [228]
- Privacy protection vs public health benefit [401]

- Program integrity vs technological adoption [220]

- Professional responsibility vs technological delegation [388]

Arguments:

Supportive:

- Expert advisory groups at international level needed to support policy development [105]
- Implementation science frameworks can guide implementation [32]

Critical:

- Current fragmented governance structures hamper coordination [471]

- Siloed approaches fail to account for how genomic data moves between domains [251]
- Premature adoption could undermine program integrity [220]

Empirical Evidence:

- Survey of genetic counselors found advocacy for caution in implementation and need for
additional education [205]

- Q methodology study with 30 healthcare professionals identified need for clear
responsibility frameworks [388]

- Review of pilot studies found lack of coordination in data analysis and consensus
development [370]

Proposed Solutions:

- Create European Commission-recognized expert advisory groups [105]
- Implement high reliability organization principles [314]

- Create multidisciplinary oversight committees [388]

- Establish research ethics consultation services [86]

- Develop formal dissemination plans for pilot study data [370]
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Implemented Solutions:
- PERIGENOMED Project in France established comprehensive pilot project to assess

feasibility and implementation dimensions [208]
- BabySeq Project underwent IRB and FDA review with determination of "greater than
minimal risk with potential for benefit." There is also an External Advisory Board containing

various types of experts. [441]
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56: How can transparency be assured in decision-making
processes?

Two-Sentence Summary:

The literature emphasizes that transparency in decision-making processes is fundamental
for maintaining public trust in genomic newborn screening programs and should encompass
clear documentation of criteria for condition selection, program financing, and benefit
distribution. Implementers should focus on establishing formal mechanisms for transparent
documentation and communication of decisions, while ensuring meaningful engagement
with multiple stakeholders including medical professionals, researchers, patient advocacy
groups, and the general public.

Extended Synthesis:

ELSI at Stake:

- The primary ethical issues concern balancing the need for transparent decision-making
with the complexity of genomic screening programs [425, 471], maintaining public trust while
implementing innovations [447], and ensuring equitable representation in decision-making
processes [279].

- Social implications include the need to maintain public confidence in established screening
programs while introducing new technologies [447], and addressing potential disparities in
program benefits [264].

- An issue is that transparent decision making tends to take longer, add costs, and thus be
less efficient.

Arguments:

Supportive arguments emphasize that transparency is essential for:
- Building and maintaining public trust [225]

- Ensuring accountability in program performance [314]

- Facilitating international cooperation and standardization [48]

- Supporting informed decision-making by stakeholders [294]

Critical perspectives highlight:

- Risks of eroding public trust through lack of transparency [228]

- Challenges of maintaining transparency across complex, multi-jurisdictional systems [251]
- Concerns about political polarization affecting public trust [311]

Empirical Evidence:

Limited empirical evidence exists specifically addressing transparency in decision-making:
- A study of genetic counselors found support for increased transparency before
implementing whole genome sequencing [205]

- Analysis of the UK Generation Study revealed lack of transparency in condition selection
criteria [476]

- Survey research showed varying levels of trust in screening program information across
demographic groups [134]
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Solutions (Proposed):

Multiple approaches have been suggested:

- Creating standardized documentation systems for decision-making processes [294]
- Establishing multi-stakeholder advisory bodies [105]

- Developing formal dissemination plans for sharing pilot study data [370]

- Implementing regular self-assessment and review processes [431]

- Creating centralized offices for program coordination [471]

Solutions Actually Implemented:

Several programs have adopted specific transparency measures:

- Early Check pilot study: Included collaborating institutions and provided transparent
information to build trust [134]

- Netherlands PNPNL: Centralized laboratory system with standardized processes [153]
- BeginNGS: Created an open, pre-competitive consortium with academic, industry, and
parent stakeholders [120]
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57: What are the priorities for cross-jurisdiction policy
consistency, both across regions and internationally?

Two Sentence Summary:

The literature strongly emphasizes that significant variation exists in newborn screening
programs across jurisdictions, both within countries and internationally, creating inequities in
screening access and healthcare outcomes based solely on geography. A key tension exists
between respecting local/state autonomy in healthcare decision-making and the need for
standardization to ensure equitable access to screening, with most authors advocating for
increased harmonization while acknowledging the need to account for regional differences in
healthcare systems, resources, and priorities.

Extended Synthesis:

ELSI at stake:

- Standardization vs. local implementation flexibility [48, 98, 105]

- Global responsibility vs. national sovereignty [161, 478]

- Healthcare system differences vs. evidence generalizability [169, 464]

Arguments:

Pro-standardization:

- Current fragmentation leads to preventable harm when children aren't screened for
conditions that neighboring jurisdictions include [323]

- International collaboration necessary for rare diseases due to limited data in any single
jurisdiction [105]

Pro-local autonomy:

- Different healthcare systems and resources require flexibility [77, 169]

- Local context and priorities must be considered [77, 478]

- State/regional authority over healthcare decisions is legally established [27, 282]

Empirical Evidence:

- Study of 27 genetic newborn screening programs found number of genes analyzed ranged
from 134 to 4,299, with only 74 genes included by >80% of programs [483]

- Analysis of US state screening panels found variation from 32 to 71 conditions [370]

- Successful expansion of concurrent screening from Beijing to 21 cities in 16 provinces
demonstrates potential for regional scaling [28]

- European Delphi study found consensus on barriers to genomic screening implementation
despite heterogeneous national systems [464]

Proposed Solutions:

- Develop international consensus on core genes/conditions while allowing for regional
expansion [182, 294]

- Create expert advisory groups at international level to support policy development [105]
- Focus on principles-based rather than rules-based approaches to regulation [228]
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- Create central offices for coordination at national level [471]

Implemented Solutions:

- US Recommended Uniform Screening Panel (RUSP) provides federal guidance while
maintaining state autonomy, which have worked cooperatively [320]

- Michigan Biobank established standardized policies for blood spot retention and research
use, but each state varies regarding duration and condition [186]

- Screen4Care project in EU working to develop standardized approaches while respecting
national autonomy [478]

- UK Generation Study testing implementation in public healthcare system context [169]
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58: How should sustainability of any ongoing implementation be
planned for, including expansion of downstream capacity?

Two Sentence Summary:

Implementing genomic newborn screening requires careful consideration of long-term
financial sustainability and system capacity for expanded screening, including costs beyond
just sequencing (like interpretation, follow-up care, and data management). Programs must
balance the decreasing costs of sequencing technology against the substantial infrastructure
and workforce requirements needed for comprehensive screening programs, while ensuring
adequate resources for both existing and expanded screening capabilities.

Extended Synthesis:

ELSI at Stake:

- Economic sustainability vs comprehensive screening implementation [463, 464, 471]
- Resource allocation between existing and new screening programs [293, 324]

- Healthcare system capacity and infrastructure development [164, 200, 206]

- Equity in access to screening and follow-up care [141, 149, 363]

Arguments:

Supportive:

- Decreasing sequencing costs will make implementation more feasible over time [202, 332]
- Early identification through genomic screening could reduce long-term healthcare costs
[223, 400]

- When amortized over a lifetime, the cost per year becomes minimal [510]

Critical:

- Current costs are prohibitively expensive compared to traditional screening [149, 307, 514]
- Implementation requires significant infrastructure beyond just sequencing costs [492, 450]
- Resources might be better spent on other public health priorities [472, 526]

- May create unsustainable burden on healthcare systems [317, 371]

Empirical Evidence:

Cost Analyses:

- BabySeq project collecting comprehensive economic data comparing sequenced vs control
groups [441]

- GUARDIAN study found implementation would require infrastructure for 3.5 million
sequences annually [491]

- Belgian pilot reported €365/sample vs €42 for conventional screening [371]

- UK analysis estimated £735 million annual cost vs £413,000 for expanded biochemical
screening [476]

Healthcare System Impact:

- Study of 7,501 newborns in China showed need for robust data quality control and
interpretation capabilities [434]

- Survey of Bulgarian healthcare providers indicated concerns about system readiness [523]
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- Analysis of US state programs showed average 9.5 years for nationwide adoption of new
conditions [370]

Proposed Solutions:

- Phased implementation approach with pilot studies before full-scale adoption [120, 464]
- Regional centralization of testing and analysis [176, 313]

- Public-private partnerships to support funding [313, 464]

- Developing automated technologies to reduce costs [56, 163]

- Building collaborative networks between institutions [240, 400]

Implemented Solutions:

- BeginNGS program implementing staged rollout with annual expansion cycles [120]

- UK Newborn Genomes Programme using pilot study approach to broaden insight for
developing future studies and wider implementation [112]

- French PERIGENOMED project implementing two-phase approach with feasibility study
followed by regional implementation [90]

- Australian BabyScreen+ conducting comprehensive health economic analyses [391]

116


https://pubmed.ncbi.nlm.nih.gov/35938011/
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.c.32005
https://www.sciencedirect.com/science/article/pii/S0168851024001726?via%3Dihub
https://www.gimopen.org/article/S2949-7744(23)00830-0/fulltext
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.c.31997
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.c.31997
https://www.sciencedirect.com/science/article/pii/S0168851024001726?via%3Dihub
https://www.dovepress.com/are-we-ready-for-whole-population-genomic-sequencing-of-asymptomatic-n-peer-reviewed-fulltext-article-PGPM
https://jamanetwork.com/journals/jama/fullarticle/2825327
https://www.nature.com/articles/s41431-019-0428-z
https://karger.com/phg/article-abstract/15/6/327/289186/Public-Health-Action-in-Genomics-Is-Now-Needed?redirectedFrom=fulltext
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.c.32005
https://www.frontiersin.org/journals/genetics/articles/10.3389/fgene.2022.866168/full
https://www.webofscience.com/wos/woscc/full-record/WOS:001407868903648
https://bmjopen.bmj.com/content/14/4/e081426

59: How should closing the project be managed?

Two Sentence Summary:

Managing project closure in genomic newborn screening implementations requires careful
consideration of both sustaining established screening programs and planning for future
capacity. Key considerations include maintaining public trust in traditional newborn screening
programs while managing the transition or expansion of genomic screening capabilities.

Extended Synthesis:

ELSI at stake [141]:
- Risk to traditional newborn screening programs and public trust
- Sustainability of screening infrastructure and capabilities

Arguments [141]:

- There is concern that implementing genomic NBS could potentially undermine public trust
in all newborn screening, including well-established traditional screening programs

- The benefits of traditional NBS programs for thousands of children and families worldwide
need to be protected during any transition or closure

Empirical Evidence [434]:

- Evidence from implementation in China suggests consideration must be given to
maintaining data quality control and report interpretation capabilities

- Cost considerations and healthcare system capacity need to be factored into closure
planning

Proposed Solutions [434]:

- Development of robust infrastructure for data quality control and interpretation

- Planning for technological advancement and database growth to support long-term
sustainability

- Consideration of cost-effectiveness and scalability in different populations

Implemented Solutions:
- No implemented solutions are described in the provided extracts

Note: The literature coverage of this specific decision point is relatively limited in the
provided extracts, focusing mainly on considerations around maintaining existing screening
program integrity and planning for sustained capacity. Additional literature may provide more
specific guidance on project closure management.
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	1.​APPENDIX: Literature Synopsis for each decision point 
	1: How should the perspectives and preferences of families, both with and without children with rare genetic conditions, and from varied backgrounds, be included in program design? 
	 
	2: How should the voice of the child be incorporated in program design? 
	 
	3: How should the perspectives of the general public be included in program design? 
	 
	4: How should healthcare providers be included in design to ensure implementation feasibility? 
	 
	5. How should policy-makers be included in design to help assess feasibility and optimize implementation? 
	6: Should commercial/industry partners be involved in program design, and if so, how should conflicts be managed? 
	 
	7:  If the study is a research project, will there be a separate research and clinical consent? 
	 
	8: When will consent be obtained? 
	 
	9: If conventional NBS uses a model of explicit consent, what are the considerations for making gNBS a separate versus combined consent? 
	 
	10: If conventional NBS is not explicitly consented, what are the considerations for making gNBS explicitly consented versus not? 
	 
	11: What constitutes appropriate parent information resources for gNBS? 
	 
	12: Will consent be obtained for secondary uses of the data, and if so, how should this be obtained? 
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	16: How are "actionability" and clinical utility defined for condition selection (including considerations of availability and accessibility)? 
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	19: Should carrier status for recessive conditions be reported? 
	 
	20: Should there be any parental choice in categories of results returned? 
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	28: For positive results, who should deliver results? 
	 
	29: For positive results, how should return be done (including what information should be provided, whether virtual or in person)? 
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	31: For negative results, will results be returned, and if so, using what model? 
	 
	32: How to build sufficient genomics expertise in the healthcare provider workforce, particularly pregnancy providers and pediatricians? 
	 
	33: What should be done if a newborn dies before or soon after result return (including what should happen to their data)? 
	 
	34: What standards should be established for clinical follow-up after screening (including resources provided for healthcare providers, and the role of advocacy groups)? 
	 
	35: How should referral networks and other follow-up care infrastructure be developed to support families after positive genomic findings? 
	 
	36: Should the program plan for surveillance and follow up of positive findings, including those with later-onset conditions? 
	 
	37: To what extent should the program coordinate cascade testing, and if so to what degree relatives? 
	 
	38: How should healthcare system disparities that affect follow-up care be addressed? 
	 
	39: What aggregate outcomes data should the program plan to collect? 
	 
	40. What data should be stored on each baby (e.g., .fastq files, .bam files, .vcf files, only data related to genes currently included in the gNBS program, only gNBS results reported back to patient’s physician or family)? 
	 
	41: For how long should sequence data be maintained (legal minimum or longer)? 
	42: Who will store the data and where will it be stored? 
	 
	43: What security and privacy measures should be implemented to protect genomic data? 
	44: How will requests to delete data be managed? 
	45: Should parents or the child be able to access their data (this may be legally required), and, if so, what information should be provided? 
	 
	46: Will there be a process of transferring data ownership from the parents to the child? 
	47: Who will the data be shared with, for which purposes, (e.g. data federation for purposes of directly improving the public health program), and which data will be shared? 
	48: Will there be any allowed secondary use of the data (beyond purpose of screening, quality assurance, program development), and if so, what governance structures would oversee it? 
	49: Should genomic data be periodically reanalyzed as knowledge that impacts variant interpretation advances (and if so, with what time limit)? 
	50: Should genomic data be periodically reanalyzed as the gene list changes (and if so, with what time limit)? 
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