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Abstract 

 

Purpose: BRIDGES-NBS is a feasibility study evaluating the integration of genome sequencing 

into newborn screening (NBS) across multiple U.S. states and territorial public health laboratory 

programs (PHLPs). We developed a list of conditions for screening. 

 

Methods: We designed inclusion criteria and assembled an initial condition list from published 

resources. The list was revised by clinical experts, molecular geneticists, genetic counselors, 

PHLPs, rare disease advocacy organizations, the BRIDGES-NBS Community Advisory Board, 

and project leadership from the National Institutes of Health. For each condition, we provided a 

rationale for early detection, diagnostic signs or biomarkers, and treatments or surveillance 

strategies. 

 

Results: The BRIDGES-NBS condition list includes 777 condition entries associated with 743 

genes, one copy number variant, and two aneuploidies and is larger than those used in other 

genomic NBS research studies in the U.S. and United Kingdom. Most condition entries are 

inborn errors of immunity (37.2%), inherited metabolic disorders (18.7%), or endocrine 

conditions (18.1%). Nearly all condition entries (93.3%) can be confirmed using a non-genetic 

test.  

 

Conclusion: BRIDGES-NBS has established a condition list for implementation across multiple 

state and territorial PHLPs, enabling the prospective evaluation of feasibility of population-wide 

genomic NBS. 

 

Keywords: Newborn screening, genomic newborn screening, gene list, condition list, public 

health screening 

Jo
urn

al 
Pre-

pro
of



6 

Introduction 

Newborn screening (NBS) is a public health program that detects approximately 15,000 infants 

at risk for treatable conditions in the United States each year.1,2 The addition of conditions to 

NBS has been largely guided by the historic Wilson-Jungner principles for population screening, 

which emphasize the inclusion of treatable, childhood-onset conditions.3 Most conditions 

included in NBS are identified using biochemical laboratory markers measurable in dried blood 

spots. Genomic NBS may also reflect the broader NBS ecosystem, which includes both 

laboratory-based testing of dried blood spots and clinical screening, such as hearing loss and 

critical congenital heart disease screening. However, many other conditions that are potentially 

eligible for population screening lack suitable biochemical or clinical markers and therefore 

require alternative screening approaches. Genetic information is increasingly used as both a 

first- and second-tier screening method for select disorders,4,5 but only a fraction of the 

thousands of known genetic conditions are currently included in state NBS programs.6,7 

  

Over 30 international research programs have made important contributions to genomic NBS, 

including a range of methodologies for selecting the conditions to be screened.8–13 Although GS 

expands the diagnostic potential of NBS, determining which conditions should be included is 

ethically and scientifically complex. Considerations include the strength of the gene-condition 

association,14 penetrance, prevalence, age of onset, severity, availability of a confirmatory non-

genetic diagnostic test, and efficacy of treatment or surveillance.15 For many rare conditions, the 

utility of screening may also depend on the expected distribution of outcomes among screen-

positive infants, including the proportion likely to develop severe disease, mild disease, or no 

apparent disease during follow-up. Although some of these characteristics have been 

quantified,12,16 others remain subjective, contributing to the heterogeneity of conditions included 

in genomic NBS research programs.9,11 Surveys of genetics professionals and the public,17,18 
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qualitative studies involving parents,19–21 analyses of genomic NBS research studies,9,10,13 and 

recommendations from the International Consortium of Newborn Sequencing (ICoNS)22 have 

shaped general selection principles and proposed specific high-priority conditions for genomic 

NBS; however, specific consensus guidelines are lacking. 

 

In March 2025, the National Institutes of Health (NIH) Common Fund Venture Initiative issued 

an Other Transaction Authority (OTA) research opportunity announcement for the Newborn 

Screening by Whole Genome Sequencing (NBSxWGS) Collaboratory, aimed at evaluating the 

feasibility of using GS as a first-tier screening test for selected genetic conditions actionable in 

the first year of life. Our group received this award and launched BRIDGES-NBS, a three-year 

study assessing integration of GS into NBS across public health laboratory programs (PHLPs) 

in seven U.S. states and territories: Iowa, Minnesota, New York, Oregon, Puerto Rico, South 

Carolina, and Texas.  

 

BRIDGES-NBS is one of several ongoing genomic NBS research programs internationally, each 

of which has adopted different approaches to condition selection, age of actionability, 

actionability thresholds, and reporting.23–25 Substantial heterogeneity exists across the condition 

lists used by genomic NBS studies and commercial panels, despite broadly similar inclusion 

criteria among many studies.9 This variability suggests that general principles alone do not fully 

explain how research programs operationalize condition selection. Therefore, it may be valuable 

for genomic NBS programs to describe not only their final lists of genes or conditions screened, 

but also the specific processes and iterative decisions used to construct them. Here, we 

describe the development of the BRIDGES-NBS condition list, which will be implemented and 

analyzed in up to 30,000 infants enrolled across multiple states and territories, with the intention 

that this approach may be informative to other research teams selecting genetic conditions to be 

screened in infancy. The BRIDGES-NBS condition list should be understood as a research 
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implementation list designed to evaluate a broad but bounded definition of infant actionability, 

rather than as a proposed universal public health panel. 

 

Methods 

Inclusion criteria for the BRIDGES-NBS condition list 

BRIDGES-NBS condition list committee. The BRIDGES-NBS condition list committee was led 

by a medical biochemical geneticist who is one of the BRIDGES-NBS four principal 

investigators (N.B.G.) and a clinical biochemical and molecular geneticist (B.A.J.), with program 

management from a genetic counselor (S.A.C.) and a clinical research coordinator (H.S.). The 

committee also included another BRIDGES-NBS principal investigator (I.A.H.), clinical 

molecular geneticists and genetic counselors from GeneDx (A.B., K.G.L., R.Z.), consultants with 

expertise in molecular genetics and genomic NBS (H.L.R., D.B., S.E.B., D.K.), a data consultant 

(T.M.), and another genetic counselor (M.C.) (Supplementary Table 1).  

 

Operational definition of actionability. Because the NBSxWGS OTA specified that screened 

conditions must be actionable within the first year of life, the BRIDGES-NBS condition list 

committee first developed an operational definition of “actionable.” Actionable was defined as a 

clinically-available intervention or surveillance strategy that could be initiated in infancy and 

expected to meaningfully alter medical management and improve health outcomes. Qualifying 

actions included therapeutic diets, medications, and definitive treatments such as hematopoietic 

stem cell transplantation or gene-based therapies, as well as interventions to prevent harmful 

exposures (e.g., avoidance of ionizing radiation or live vaccines), and surveillance for condition-

related sequelae. As part of the BRIDGES-NBS study, participants with positive screening 

results will receive a list of relevant local specialists, but conditions were considered actionable 

regardless of whether the recommended interventions are available in every region. 
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Certain forms of utility were not considered sufficient, in isolation, to meet the definition of 

actionability. These included avoiding a diagnostic odyssey; access to participation in clinical 

trials or to experimental therapies; initiation of supportive services (e.g., physical, occupational, 

or speech therapy); and personal, familial, psychosocial, or economic benefits, such as 

informing reproductive decision-making or facilitating cascade testing for parents. 

 

Inclusion criteria. Conditions were eligible for inclusion if they met three criteria derived from the 

2025 consensus recommendations of the International Consortium on Newborn Sequencing 

(ICoNS)22 (Table 1). Each condition was required to have: (1) an approved treatment or 

published surveillance guideline that was recommended to begin before one year of age; (2) a 

non-genetic diagnostic marker (e.g., laboratory result or characteristic imaging finding) or low-

risk surveillance strategy; and (3) reliable detection of likely pathogenic and pathogenic (LP/P) 

variants in the causative gene using short-read GS.  

 

Regarding the third criterion, GeneDx, the laboratory performing sequencing in BRIDGES-NBS, 

confirmed that at least 90% of each gene would have a minimum read depth of 15x. They 

excluded genes with known pseudogenes or significant paralog homology that could 

compromise variant detection. In select cases, genes were included even if the most common 

LP/P variant type could not be detected by short-read GS (e.g., the common inversion 

associated with F8-related hemophilia A), given the potential to identify other deleterious 

variants. Variant classification will be carried out in accordance with criteria set by the guidelines 

by the American College of Medical Genetics (ACMG) and Association for Molecular 

Pathology,26 with modifications for individual conditions as recommended by the Clinical 

Genome Resource Variant Curation Expert Panels.27 
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Consideration of prevalence. Although prevalence is an important determinant of screening test 

performance, including both positive and negative predictive value, it was not used as an explicit 

inclusion criterion because current estimates vary widely for many rare genetic conditions and 

are often based on clinically ascertained rather than general-population screening cohorts. 

In accordance with consensus recommendations from ICoNS,22 prevalence was not used to 

determine the inclusion of conditions. Both conditions with high prevalence (e.g.,G6PD-related 

glucose-6-phosphate dehydrogenase deficiency) and ultra-rare conditions were included.  

 

Consideration of penetrance. Penetrance (i.e., the likelihood that a person with an LP/P variant 

will develop symptoms of the condition) was not explicitly considered in the inclusion criteria. 

This decision reflects the current lack of reliable data regarding penetrance for most gene-

condition relationships. When possible, we excluded variants and genes for which reported 

penetrance was so low that the variant-condition or gene-condition relationship was uncertain 

(e.g., DUOX2, HGNC:13273).28  

 

Consideration of age of actionability. The NBSxWGS Collaboratory funding opportunity 

stipulated that this feasibility study was only to include conditions that could be treated within the 

first year of life. We interpreted actionability broadly to include treatments, surveillance, 

preventive measures, or anticipatory management that could reasonably be initiated during 

infancy, recognizing that the full clinical benefit of these interventions may often extend beyond 

the first year of life. Some conditions with hallmark clinical features that typically manifest after 

the first year of life were included if interventions or surveillance initiated in infancy could reduce 

later morbidity. For example, infants at risk for NF1-related neurofibromatosis are recommended 

to have tibial radiographs to identify osseous lesions before weight-bearing, allowing earlier 

management and prevention of complications.29  
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Conditions with a variable age of onset were included if a severe infantile presentation was 

known, even when later-onset phenotypes also exist. Variants or modes of inheritance that are 

associated with attenuated or adult-onset forms of conditions will not be reported 

(Supplementary Table 2). 

 

Development of the BRIDGES-NBS list of genetic conditions for screening implementation 

Draft 1. The initial draft (Supplementary Table 3) was largely informed by existing genomic NBS 

lists and laboratory-based NBS screening frameworks (Figure 1). 

 

First, 267 genes associated with conditions that are actionable within the first week of life were 

added.30 Second, we evaluated genes that both appeared in at least two genomic NBS studies 

or for-profit panels9 and received ≥50% support in a survey of rare disease experts17 (n = 246). 

These genes were then manually reviewed to confirm alignment with BRIDGES-NBS inclusion 

criteria. Third, at the request of prospective state and territorial PHLP partners, we incorporated 

genes associated with core and secondary conditions currently on the Recommended Uniform 

Screening Panel (RUSP), compiled from an analysis of genomic NBS programs9 and 

supplemented with internal data from GeneDx. Genes associated with conditions currently 

detected through nursery-based clinical screening, including hearing loss and critical congenital 

heart disease, were underrepresented in the first draft but were added in subsequent drafts.  

 

Draft 2. To create Draft 2 (Supplementary Table 4), we incorporated feedback from clinical 

experts (Supplementary Table 5), rare disease advocacy organizations, and GeneDx, and 

reviewed other genomic NBS studies.  

 

We engaged 51 clinical experts who evaluated genes in Draft 1 within their areas of expertise. 

Twenty-one clinical experts were contacted directly by the BRIDGES-NBS condition list 
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committee; they invited 29 colleagues to collaborate. One clinical expert contacted the 

BRIDGES-NBS team directly to review the condition list. The Clinical Immunology Society (CIS) 

NBS x Genome Sequencing (GS) task force (led by X.P.P., M.J.K., J.D.M., and J.M.P.) created 

their own committee to revise the BRIDGES-NBS list of inborn errors of immunity (IEI).  

 

Clinical experts recommended removal of conditions that did not meet BRIDGES-NBS inclusion 

criteria (Supplementary Table 6) and proposed additional conditions, which were then evaluated 

by the BRIDGES-NBS condition list committee. Most of these conditions were excluded 

because clinical experts determined that they did not have sufficiently disease-modifying 

treatment. Of note, clinical experts reevaluated all secondary RUSP conditions to determine that 

they met BRIDGES-NBS inclusion criteria, and several of these genes, including HBA1 

(HGNC:4823) and DNAJC19 (HGNC:30528), were removed. Reasons for each gene’s removal 

is described in more detail in Supplementary Table 7. Following discussions within the 

BRIDGES-NBS team about the range of NBS evaluations, which include both critical congenital 

heart disease screening and hearing screening, a list of genes related to congenital heart 

disease and hearing loss were added.  

 

All of the IEI genes in Draft 1 were reevaluated and replaced with a new list of genes proposed 

by the CIS NBS x GS task force.  

 

Representatives of two rare disease advocacy organizations contacted the BRIDGES-NBS 

condition list committee directly with suggestions, leading to the addition of one gene.  

 

A review of the genes from the Generation study15 and Group 1 of the Genomic Uniform-

screening Against Rare Disease in All Newborns (GUARDIAN) genomic NBS study,24 which 

contains treatable conditions, was initiated, then completed prior to Draft 4.  
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As Draft 2 was developed, GeneDx initiated a continuous review of the condition list and 

recommended the removal of 14 genes due to technical limitations of short-read WGS (1 with 

insufficient coverage, 3 with pseudogenes, 5 with paralog homology, and 5 with other limitations 

detailed in Supplementary Table 8) and 17 genes that did not meet clinical criteria due to limited 

evidence of a gene–disease relationship (Supplementary Table 6). GeneDx continued this 

review process until the design through the development of Draft 4 of the condition list.  

 

Draft 3. To design Draft 3 (Supplementary Table 9), we incorporated feedback from two 

additional clinical experts, the Association of Public Health Laboratories (APHL) NBS 

community listserv, and four national rare disease advocacy organizations (EveryLife 

Foundation, Genetic Alliance, Global Genes, and National Organization for Rare Disorders). We 

also continued to evaluate genes from other genomic NBS studies and conducted an ongoing 

review of the suitability of GS for detecting LP/P variants in these conditions. 

 

During the development of Draft 3, Draft 2 was shared with the co-chairs of the BRIDGES-NBS 

Community Advisory Board (CAB) (A.M.G. and N.B.), a committee which is made up of 

multidisciplinary members within and external to the NBS community, including parents, 

community advocates, bioethicists, clinical genomics experts, NBS leaders, and others. Draft 2 

was also shared with the APHL NBS community listserv, which includes all state and territorial 

NBS and follow-up programs, corporate members, clinicians, family advocates, and other NBS 

partners. The BRIDGES-NBS condition list committee received detailed feedback from two 

PHLPs (Puerto Rico and Oregon). 

 

Draft 4. To create Draft 4 (Supplementary Table 10), the final draft of the condition list which will 

be implemented at the outset of the study, the BRIDGES-NBS condition list committee 

Jo
urn

al 
Pre-

pro
of



14 

incorporated feedback from the NIH Working Group (WG) for NBSxWGS and the CAB. As 

required by the NIH OTA, the NIH WG for NBSxWGS conducted a detailed review of Draft 3.  

 

At this stage, the BRIDGES-NBS condition list committee also transitioned from a gene-based 

dataset, in which each row represented a gene, to a condition-based dataset, in which each row 

represented a condition. This change in the organization of the dataset reflects both the 

practical nuances of GS analysis, in which many genes give rise to disparate phenotypes with 

differing modes of inheritance or mechanisms of action, and the interests of prospective 

participants, who are more likely to consider the conditions for which their child may be 

screened than the genes associated with these conditions.  

 

The BRIDGES-NBS condition list committee also participated in discussions with the BRIDGES-

NBS CAB about whether conditions primarily managed through surveillance, such as hereditary 

cancer predisposition syndromes, should be offered as an optional category that parents could 

elect separately from conditions with established treatment interventions. The CAB 

recommended keeping the condition list organized as a single group; this recommendation was 

adopted. Draft 4 contains 743 genes, one CNV, and two aneuploidies. 

 

BRIDGES-NBS condition list. The NIH WG for NBSxWGS reviewed and approved Draft 4 for 

implementation. This list is henceforth referred to as “the BRIDGES-NBS condition list,” which 

will be reevaluated and revised at the halfway point of the study. 

 

Organization of the BRIDGES-NBS condition list 

An interactive interface showing the BRIDGES-NBS condition list has been published on the 

BRIDGES-NBS website (https://www.bridgesnbs.org/condition-list) (Figure 3). For each 

condition, 13 attributes which describe each condition entry and justify its inclusion, are listed: 
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Hugo Gene Nomenclature gene symbol; reporting name of the condition, derived from dyadic 

naming methods developed by ClinGen14 and GeneDx; clinical area; disease area; Online 

Mendelian Inheritance in Man number31; inheritance pattern of variants that will be reported; 

disease mechanism of the variants that will be reported; a brief condition description; treatments 

or surveillance strategies collected from RxGenes6 and literature review; a rationale for early 

detection; non-genetic signs, symptoms, and biomarkers supporting diagnosis; citations; and 

specific reporting information for select conditions (see Supplementary Methods for further 

details). 

 

Descriptive statistics  

Characteristics of the BRIDGES-NBS condition list were tabulated and expressed as descriptive 

statistics. 

 

Comparison with other gene and condition lists  

We determined the intersection between the genes associated with the BRIDGES-NBS 

condition list and the genes in other major genomic NBS research studies, including the 

Generation Study,15 Early Check,12 and Group 1 of the GUARDIAN study24. We also determined 

the intersection between the genes on the BRIDGES-NBS condition list and those included in 

commercial carrier screening panels, including the Myriad Foresight Carrier Screen32 and 

Natera Horizon 421, and the larger Natera Horizon 835 and LabCorp 790 PLUS Carrier 

panels.33 

 

Results 

Organization of the condition list 

The BRIDGES-NBS condition list includes 743 genes, one CNV, and two aneuploidies 

associated with 777 distinct condition entries (Figure 2, Supplementary Table 10). Of note, the 
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GeneDx genome sequencing test is not validated to detect mosaic aneuploidies or CNVs, and 

these will therefore not be reported. 

 

Because some genes are associated with multiple clinically distinct phenotypes, inheritance 

patterns, or reportable variant classes, and because genetically heterogeneous clinical entities 

may require gene-specific reporting logic, the BRIDGES-NBS resource is organized as 

condition entries rather than as broad disease categories. This approach differs from traditional 

NBS panels, which are often organized around broader clinical entities. For example, genetically 

heterogeneous disorders (e.g., RASopathies) may be represented by multiple condition entries 

when causative genes, inheritance patterns, or mechanisms of action vary. This naming 

structure, which is derived from dyadic naming methods developed by ClinGen14 and GeneDx, 

supports genomic interpretation and participant-facing reporting but may increase the apparent 

number of conditions relative to classification systems that group multiple genes under a single 

clinical diagnosis. 

 

Descriptive statistics 

In total, 555 condition entries (71.4%) are autosomal recessive, 169 (21.8%) are autosomal 

dominant, 49 (6.3%) are X-linked, and 1 (0.1%) is Y-linked (Supplementary Figure 1). One 

condition entry (0.1%), DiGeorge Syndrome, is due to a CNV and two conditions (0.3%), Down 

syndrome and Turner syndrome, are due to aneuploidies. 

 

Together, IEI (289 condition entries, 37.2%), inherited metabolic disorders (IMD) (146 

conditions, 18.7%), and endocrine conditions (141 condition entries, 18.1%) account for over 

70% of the list (Supplementary Figure 1). Only 106 of 777 conditions (13.6%) are currently core 

conditions on the RUSP. 
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Nearly all condition entries on the BRIDGES-NBS condition list (725 conditions, 93.3%) have at 

least one associated non-genetic marker that could support diagnosis following a positive 

genomic screen. The 52 condition entries without a non-genetic marker (Supplementary Table 

11), 19 of which are hereditary cancer predisposition syndromes, either have published clinical 

diagnostic criteria or were included because the BRIDGES-NBS conditions list committee 

considered the recommended treatment or surveillance to be of sufficiently low risk and high 

benefit. 

 

Comparison with other genomic NBS research studies 

The BRIDGES-NBS condition list includes a greater number of genes than those in the 

Generation study, Early Check, or Group 1 of the GUARDIAN genomic NBS research study 

(Figure 4). The BRIDGES-NBS condition list shares 369 genes with the Generation study. 

Among BRIDGES-NBS and the two other U.S.-based programs (Early Check and Group 1 of 

the GUARDIAN study), 126 genes were shared.  

 

BRIDGES-NBS includes 280 genes that were in neither Early Check, Group 1 of the 

GUARDIAN study nor in the Generation study. Most were related to IEI (n=128, 45.7%), 

endocrine disorders (n=52, 18.6%) and IMD (n=35, 12.5%) (Supplementary Table 12). 

 

Comparison with expanded carrier screening panels 

BRIDGES-NBS shares a total of 180 genes with the Myriad Foresight Carrier Screen and/or 

Natera Horizon 421 expanded carrier screening panel. BRIDGES-NBS shares 313 genes with 

the Natera Horizon 835 and/or LabCorp 790 PLUS Carrier panels. However, the majority of 

genes associated with the BRIDGES-NBS condition list (n = 433/746, 58%) were not on any of 

these carrier screening panels (Supplementary Figure 2).  
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Discussion 

Alignment of the BRIDGES-NBS condition list with the Wilson-Jungner principles 

Because the condition lists used by genomic NBS studies and commercial panels vary widely,9 

we have described the development of the BRIDGES-NBS condition list, which includes 777 

condition entries to be integrated into NBS workflows. Additionally, because iterative 

development of a condition list for genomic screening is time-consuming and can be prone to 

unintentional omissions, we also developed a public-facing resource which includes the 

rationale for early detection, confirmatory signs or biomarkers, and treatment or surveillance 

strategies for each condition that will be screened in the study. The BRIDGES-NBS condition list 

is not intended to serve as a recommended universal public health screening panel, but its 

implementation may generate empirical evidence about the feasibility, benefits, harms, and 

resource requirements of genomic NBS across multiple settings. 

 

Although the BRIDGES-NBS study will greatly expand the breadth of NBS in participating 

programs, the condition list was designed to remain broadly consistent with key Wilson–Jungner 

principles for population screening.3 Specifically, included conditions are associated with 

important health outcomes, have an identifiable early stage that can be confirmed through 

clinical evaluation or diagnostic testing, and have established treatments or surveillance 

strategies that can be initiated in infancy. 

 

At the same time, implementation of the BRIDGES-NBS condition list will also challenge some 

of the Wilson-Jungner principles. For example, these principles suggest that there should be an 

agreed-upon policy on who to treat as a patient and local facilities available for diagnosis and 

treatment. Although BRIDGES-NBS will provide ACTion sheets in the style of those produced 
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by the ACMG34, standardized approaches to the management of infants with positive genomic 

screening results have not yet been established. In addition, access to diagnostic services and 

specialized treatment resources may vary across the seven participating states and territories, 

which could affect the timeliness of diagnostic evaluation, initiation of treatment or surveillance, 

and access to services after a positive screening result. Evaluation of long-term clinical 

outcomes and the economic implications of genomic screening are beyond the primary scope of 

BRIDGES-NBS but are important priorities for future research. 

 

Comparison of BRIDGES-NBS to other leading genomics initiatives  

Although the BRIDGES-NBS list is larger than those used by other U.S. and U.K. genomic NBS 

programs, many condition entries are shared across them, reflecting a common emphasis on 

early-onset, medically actionable conditions. Each program also includes a distinct subset of 

genes, suggesting differences in inclusion criteria, particularly age of actionability, and 

operational interpretations of actionability. In particular, at the direction of the CIS NBS x GS 

task force, BRIDGES-NBS includes more genes associated with IEIs than other studies. This in 

part reflects the program’s broad operational definition of actionability, which encompasses 

infection-prevention strategies and modification of routine childhood care, such as avoidance of 

live vaccines, rather than just targeted medical treatments. The relatively large number of 

conditions included in BRIDGES-NBS may lead to a greater number of infants requiring clinical 

care; as the study progresses, we plan to generate empirical data on diagnostic yield, clinical 

utility, parental acceptability, and the implementation burden to labs and clinicians. In time, this 

information may also be used to shape the conditions screened in genomic research and public 

health programs. 

 

The BRIDGES-NBS condition list also differs from large carrier screening panels, which are 

designed to inform reproductive decision-making.35 Carrier screening panels often include 
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conditions without clinically-available treatments, as well as conditions selected due to higher 

prevalence in specific populations; these selection principles do not align with BRIDGES-NBS 

inclusion criteria.36,37 In contrast, BRIDGES-NBS prioritizes potential clinical benefit to infants in 

the first year of life, and includes 169 autosomal dominant conditions that are usually excluded 

from carrier screening. Consequently, parents who have already undergone carrier screening 

may still receive new, clinically-relevant information about their infant through BRIDGES-NBS. 

 

Key challenges and limitations in condition list development  

One challenge of developing the BRIDGES-NBS condition list was operationalizing 

“actionability,” a term which has disparate qualitative and quantitative definitions.16,38–41 Although 

some parents have expressed interest in genomic NBS for conditions for which only supportive 

care is currently available,20,24 we prioritized clinical utility, with an emphasis on therapeutic 

efficacy.40 This approach will not shorten the diagnostic odyssey for children with conditions that 

have only supportive treatments, nor will it enable parents of presymptomatic children to pursue 

experimental treatments when no clinical treatment is available. In BRIDGES-NBS, parents and 

clinicians can request reanalysis of GS in infants who later develop signs of a genetic condition, 

which will help mitigate the extent of this limitation. The inclusion criteria for conditions will be 

revisited at the halfway point of the study and there will be an opportunity to potentially broaden 

or narrow the conditions that are included. 

 

Another challenge was addressing penetrance and variability in age of onset. We did not select 

conditions based on estimated penetrance because reliable data on this topic are lacking for 

most conditions, particularly when individuals with LP/P variants are identified via population 

screening.42 Many conditions lack well-defined genotype-phenotype correlations, leading to a 

wide range of severity and age of onset. To maximize sensitivity, we included conditions for 

which a severe infantile presentation has been described, even when onset may occur later in 
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childhood or adolescence. For some genes, such as RET, reporting will be limited to specific 

variants associated with infantile-onset symptoms. Consistent with conventional NBS, we also 

included condition entries that may present in the first days of life, before results may be 

returned. This approach recognizes that age of onset is often variable and genomic information 

may still guide treatment decisions in the first weeks or months of life, particularly in attenuated 

cases. Over time, prospective studies that link genotypic and detailed phenotypic information, 

including BRIDGES-NBS, will help address knowledge gaps related to genomic penetrance, 

variable expressivity, and age of symptom onset, thereby informing the clinical utility of this 

screening modality. 

 

Assembling a list of conditions which are actionable in the first year of life is an inductive 

process with several limitations. Because no definitive database describes the technical and 

clinical attributes relevant to genomic NBS for every gene, we developed a new dataset tailored 

to our objectives. Given that condition entries were added iteratively by multiple key informants, 

some conditions that meet the BRIDGES-NBS inclusion criteria may have been unintentionally 

omitted. Additionally, given that our condition entries are each associated with a single gene, 

rather than inclusive of an entire disorder spectrum (for example, LZTR1-related RASopathy is 

listed as a distinct entity from PTPN11-related RASopathy) limits direct comparison with 

traditional NBS, which are organized around broader clinical descriptions of conditions, such as 

congenital heart disease. 

 

Another important issue, highlighted by the BRIDGES-NBS CAB, is whether screening should 

be limited to LP/P variants or expanded to include pathogenic-leaning variants of uncertain 

significance (VUS) in order to improve detection among individuals of non-European ancestry. 

This consideration must be balanced against the potential risk that reporting such variants could 

increase the identification of low penetrance or ultimately benign variants in underrepresented 

Jo
urn

al 
Pre-

pro
of



22 

populations.43 The BRIDGES-NBS team decided that, at the outset of the study, VUS will not be 

included,but approximately one year after participant recruitment begins, there will be an 

opportunity to revise reporting strategies. The lack of long-read GS is also a limitation that 

resulted in the removal of several genes that have associated pseudogenes or paralogs, such 

as CYP21A2 (HGNC:2600), associated with classic congenital adrenal hyperplasia. 

 

Finally, we did not project the expected screen-positive yield for the BRIDGES-NBS condition 

list. Reliable yield estimates are difficult to generate for most condition entries because 

published prevalence estimates are often disorder-level rather than gene-, inheritance-, or 

variant-specific,44 and penetrance and age-specific expressivity are poorly characterized for 

many conditions. In addition, current empirical datasets remain underpowered for estimating 

yield for most ultra-rare conditions. BRIDGES-NBS is designed to prospectively measure 

screen-positive rates and diagnostic outcomes after the study launch. 

 

Conclusion 

The BRIDGES-NBS condition list represents an effort to apply the historic Wilson-Jungner 

principles to genomic NBS. It reflects both areas of consensus with other genomic newborn 

screening research programs and important differences arising from cultural perspectives, 

variation in inclusion criteria related to age of symptom onset, differing operational definitions of 

actionability, uncertainty regarding variable expressivity and penetrance, and evolving 

genotype–phenotype knowledge. Rather than a definitive catalog, the list should be viewed as a 

dynamic framework that will be refined as new empirical data, technical improvements, 

stakeholder input, and targeted therapies emerge. By prospectively evaluating the 

implementation of genomic NBS, BRIDGES-NBS will generate much-needed evidence about 

the feasibility, clinical utility, acceptability, and limitations of this screening modality. These 

findings may inform policy discussions about how genomic information can be incorporated 
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ethically and effectively into public health NBS programs as diagnostic capabilities, therapies, 

and societal expectations continue to evolve. 
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Data availability: The published article includes all datasets generated or analyzed during this 

study. 
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Figure Legends 

Figure 1. BRIDGES-NBS condition list curation process. Key informants suggested the 

iterative addition and removal of genes as each draft was developed. Of note, genes associated 

with conditions not actionable in the first year of life, genes with insufficient evidence of gene–

disease relationship, and genes not technically feasible for short-read GS were excluded at 

each stage. 

 

Figure 2. Aggregation and review of genes associated with conditions included in the 

BRIDGES-NBS condition list. Vectors show the development of the BRIDGES-NBS condition 

list (Drafts 1-4). 

 

Figure 3. BRIDGES-NBS condition list interactive interface. (A) Main table view displaying 

each condition with its associated gene, clinical area (the medical specialty most likely to 

manage the primary treatment for condition), inheritance pattern, mechanism, and RUSP status. 

Users can search, filter, and download the full list as a CSV file. (B) Expanded condition view for 

an individual entry (OTC-related ornithine transcarbamylase deficiency) showing additional 

information, including condition description; rationale for early detection; suggestive signs, 

symptoms, and biomarkers; surveillance or treatment; and citations that describe early 

treatment of the condition. 

 

Figure 4. Intersection of the BRIDGES-NBS condition list with other genomic newborn 

screening research programs. (A) Comparison of genes associated with the BRIDGES-NBS 

condition list with two U.S.-based programs (Early Check and Group 1 of the GUARDIAN study) 

showing shared and unique genes across lists. (B) Comparison of genes associated with the 

BRIDGES-NBS condition list with the Genomics England Generation study gene list. Gene list 

from BabySeq (4,299 genes) is not shown. 
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Table 1. Inclusion criteria for genetic conditions in BRIDGES-NBS 

 

1.  Association with a clinically-approved treatment or published surveillance guideline 

that could be initiated before one year of age and is expected to substantially reduce 

condition severity. 

2.  Association with supportive diagnostic features beyond genetic testing, such as a 

laboratory biomarker, imaging finding, physical sign, or clinical diagnostic criterion, 

that is expected to be present prior to the initiation of treatment. For conditions 

without a suggestive non-molecular biomarker or examination finding, the 

surveillance or treatment strategy should be generally considered to be of low risk 

and potentially high benefit (e.g., abdominal ultrasounds to screen for embryonal 

tumors in a hereditary cancer predisposition syndrome). 

3.  The capacity for short-read genome sequencing to reliably detect likely pathogenic or 

pathogenic variants. 
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Genes associated with disorders that
are treatable in the first week of life27

Genes associated with the
Recommended Uniform Screening

Panel (RUSP) core & secondary
conditions9

Manual curation of genes (listed
below) for actionability in 1st year of

life:

Genes included in ≥2 out of 27
genomic newborn screening
(NBS) pilot studies9

Genes with ≥50% support on
survey15

Genes with ClinGen validity of
strong, definitive, and moderate 10

Draft 1 (n = 474 genes)

Review by 51 clinical experts
Input from 2 rare disease advocacy organizations
Consideration of genes included in the Generation  and GUARDIAN  studies20 27

Addition of congenital hearing loss and congenital heart disease genes

Draft 2 (n = 798 genes, 1 copy number variant (CNV), 2 aneuploidies)

Review by 2 additional clinical experts
Input from Association of Public Health Laboratories (APHL) NBS community
listserv
Input from 4 additional rare disease advocacy organizations 
Review by BRIDGES-NBS Community Advisory Board

Draft 3 (n = 757 genes, 1 CNV, 2 aneuploidies)

Review by BRIDGES-NBS Community Advisory Board
Review by NIH Working Group for NBS x Whole Genome Sequencing

Final Condition List
(n = 743 genes, 1 CNV, 2 aneuploidies; 777 conditions)

Initial List Curation Iterative Review and Refinement

+

+
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