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1. Introduction

The history of newborn screening (NBS) has evolved as disruptive scientific and technological
advances have changed the potential of NBS to improve population health. It has been 60 years since NBS
was formally initiated in the U.S. as a state public health program to screen newborns for phenylketonuria
(PKU). Prominent among NBS policy and scientific accomplishments (Tables S1a and b) are the recognition
of the development of principles upon which to base NBS actions and the need for: 1) a national scientific
decision-making process; 2) the development of national and state-based quality assurance systems; 3) the
development of comprehensive national information systems and program standardization; and 4)
development of NBS information systems; and 5) development of national policy for NBS program
regulation and standardization. We consider here the past and current drivers of development of NBS
programs.

Table S1.a. Timeline of major developments in newborn Screening (1960 — 2022): Science and Technology.

SCIENCE and TECHNOLOGY

e 1900, Garrod shows alkaptonuria transmits in a typical Mendelian recessive manner.

e 1900, Galactosemia, an inborn error of galactose metabolism, was first described by von Ruess

e 1934, Felling discovers phenylketonuria (PKU)

e 1949, Pauling studies molecular biology of sickle cell anemia

e 1953, Felling develops test for detecting PKU

e 1953, Bickel determines dietary treatment for PKU

e 1953, Watson and Crick elucidate structure of DNA molecule

e 1954, Maple syrup urine disease (MSUD) was first described in 1954 by Menkes et al. as a
progressive neurologic degenerative disorder.

e 1960, Dancis et al. established that the metabolic block in MSUD is at the decarboxylation of
branched-chain alpha-ketoacids derived from leucine, isoleucine, and valine.

e 1961, Guthrie creates first NBS test for PKU

e 1963, Galactosemia (GAL) was the second disorder found to be detectable by NBS with methods
developed by Robert Guthrie and Ken Paigen.

e 1965, Thirty-two American states had enacted screening laws, all but 5 making the PKU NBS
compulsory

e 1968, New York starts pilot testing newborn screening for GAL and MSUD

e 1968, Wilson and Jungner principals published.

e 1970, Forty-five states had enacted NBS laws

e 1973, Screening methods for CH and SCD developed

e 1990, MS/MS applied to NBS

e 2010, All states are screening for more than 30 conditions (many by MS/MS) in NBS

e 2012, CRISPR/Cas 9 gene editing systems discovered

e 2017, NSIGHT program demonstrates roles for genome sequencing in NBS

e 2018, First gene therapy for an NBS condition cleared by FDA: Zolgensma® for SMA

e 2019, New York ScreenPlus pilot study program funded by NICHD

e 2021, More than one hundred gene targeted therapies reported by FDA to be in late-stage clinical
trials.




Table S1.b: Timeline of major developments in newborn Screening (1960 — 2022): Legislation,
Regulation and Policy

LEGISLATION, REGULATION, AND POLICY

e 1961, NICHD created.

e 1962, Children’s Bureau of the Department of Health, Education, and Welfare and state
departments of public health promoted mandatory NBS. Funded pilots/research for PKU
screening.

e 1972, National Sickle Cell Disease Control Act establishes SCD research centers and clinics.

e 1975, review of genetic screening and NBS by National Research Council of National Academy of
Science (NRC/NAS).

e 1976, Genetic Diseases Act was authorized to fund NIH and HRSA to establish national programs
for basic and applied research and training and programs for testing, counseling, information, and
education programs with respect to genetic diseases.

e 1976, Medical Devices Act.

e 1978, NSQAP created at CDC [recommendation from NRC/NAS report].

e 1978, Genetic Services program created at MCHB/HRSA.

e 1983, FDA Office of Orphan Products Development was created through the Orphan Drug Act of
1983 to provide incentives to those developing drugs for rare disorders.

e 1982, National Organization for Rare Diseases (NORD) established.

e 1983, Council of Regional Genetics Networks (CORN) established.

e 1987, NIH and HRSA convened a consensus development conference on Newborn Screening for
Sickle Cell Disease and Other Hemoglobinopathies.

e 1987, International Society for Neonatal Screening established.

e 1989, National Human Genome Research Institute established to map human genome.

e 1993, NIH Task Force on Genetic Testing was formed. Its report in 1995 addressed the many
intended uses of a genetic test from diagnosis and family genetics through population uses such
as carrier screening and NBS.

e 1997, CLIAC addressed oversight under CLIA ’88 of the rapidly growing area of genetic testing.

e 1998, American Academy of Pediatrics (AAP) NBS Task Force formed. Report published 2000.

e 2002, Children’s Health Act. Establishes The Secretary’s Advisory Committee on Heritable
Disorders in Newborns and Children (ACHDNC) and the Heritable Disorders Program.

e 2002, Rare Diseases Act of 2002 established the Office of Rare Disease at NIH to recommend a
research agenda and to coordinate related activities.

e 2002, American College of Medical Genetics (ACMG) NBS Expert Group established.

e 2003, NIH establishes the Rare Disease Clinical Research Centers.

e 2003, ACHDNC holds inaugural meeting.

e 2004-2005, ACHDNC reviews ACMG report and approves in 2005. The recommended conditions
became the basis of the ACHDNC's first RUSP.

e 2008, Newborn Screening Saves Lives Act (NBSSLA) was signed into law.

e 2009, NIH/NICHD Hunter Kelly NBS Research Program established at NIH by NBSSLA.

e 2015, NBSSLA reauthorized with new consent requirement for ‘research’ studies.

e 2015, NewSteps replaces NNSGRC as national data center for NBS.

e 2018, NBSTRN publishes recommendations for inclusion of ELSI in NBS.

e 2022, Reauthorization of NBSSLA delayed.




2. Newborn Screening: 1930s — 1990s

NBS has been driven since its beginning in the early 1960s by rapid developments in science and
technology, government policies, workforce development, and consumer advocacy. The scientific
groundwork for NBS began with discoveries in the 1930s through the 1960s including a treatment for PKU
discovered in 1953 by Horst Bickel [1,2] followed by the critical development of a bacterial inhibition assay
for the detection of PKU using blood absorbed onto special collection paper by Robert Guthrie.[3-5] The
incorporation of a manual hole-puncher to obtain discs from blood spots on filter paper (used in the
newborn period by Guthrie) replaced an unreliable low-throughput diaper urine screen[6] with a high-
throughput centralized laboratory blood test that made a state public health program role in NBS feasible.
Funded by the federal Children’s Bureau, hospitals in Massachusetts initiated the first demonstration
project of NBS for PKU NBS in 1962. [5]. Interestingly, Delaware is reported to have included NBS
regulations in 1962 using a broad interpretation of existing statutes [7]. By 1970, 45 states required screening
for PKU [8]. The first regional programs were organized concurrently in the 1960s by Massachusetts
(among New England States) and Oregon (among Northwest states) to centralize their laboratory
screening. Successful implementation of PKU NBS led to additional bacterial inhibition assays for screening
of other rare metabolic conditions, some less effectively treated than PKU and others such as histidinemia
subsequently determined to be benign. Specimen preparation was laborious and additional screening tests
were not readily added to screening panels. Automated punching opened the way for expanded screening
panels of up to four disorders that could be simultaneously punched/prepared for analysis [9]. By 1975,
Dussault had developed NBS for congenital hypothyroidism using radioimmunoassay (RIA) screening for
thyroxine [10,11]. The pace of addition of conditions to NBS continued slowly into the 1990s usually
involving initiation of a singular screening test for a single disorder (Table S2).

Table S2: Conditions in NBS (1960 — 2000).

Years Conditions in NBS
1960s PKU
1970s Sickle cell (SS) disease (SCD), other S-allele associated conditions,

Congenital hypothyroidism (CH)

1980s Galactosemia (GAL),

maple syrup urine disease (MSUD)
congenital adrenal hyperplasia (CAH)
Biotinidase deficiency (BIO)

1990s No uniform approach to screened conditions

Medical genetics was in its infancy in the 1950s. Watson and Crick modeled the DNA double helix
and chromosomal disorders, and genetic metabolic conditions were being identified. The true number of
chromosomes was determined to be 46 in 1956 rather than the 48 that had been claimed until then. The 1st
demonstration of a DNA-based diagnostic test was reported for the prenatal detection of the sickle cell S-
allele [12,13]. The resolution of gene mapping was improving in the 1970s with the advent of somatic cell
hybridization that allowed specific traits to be assigned to specific chromosomes. Fields like biochemistry,
genetics and genomics that were likely to integrate with NBS also were quickly developing, having led to
rapid elucidation of the underlying abnormalities characteristic of specific genetic diseases.

The 1t edition of McKusick’s Mendelian Inheritance in Man (MIM), published in 1966 included 1486
entries derived from the biomedical literature, most of which were ‘uncommon’ phenotypes. Defining by
their patterns of inheritance with somatic cell hybridization allowed traits to be assigned to chromosomes.
Over the next 50 years, specific pathogenic variants in these genes and associated phenotypes were
identified, enabling genetic testing and screening [14].



Fields such as biochemistry, genetics and genomics that were likely to integrate with NBS also were
quickly developing, leading to rapid elucidation of the underlying abnormalities characteristic of specific
genetic diseases.

Early in the 1990s, improvements were made in automated analysis, in part enabled by the
introduction of electrospray ionization, sample-introduction techniques, method validation, and
development of automated interpretation systems. Concurrently, the number of specimens analyzed
annually increased substantially. During the 1990s, tandem mass spectrometry (MS/MS) was shown to be
an effective screening platform in North Carolina enabling simultaneous NBS for many amino acid, fatty
acid oxidation, or organic acid disorders and ultimately driving interstate variability in screening panels
[15-20].

2.1. Information Technology, Informatics, and Communication

Information technology (IT) communication tools were just being introduced in the 1980s when
the 1t fax machines and microcomputers became available, leading to improved communications and
result delivery between the NBS program and the health care delivery system (Table S1a,b). The increasing
pace of expansion of NBS tests through the 1970s and ‘80s along with apparent variation in clinical
outcomes of those identified by NBS and subsequently treated, pointed to the need for national data
collection, program harmonization/standardization and NBS information systems development, including
systems interoperability through IT.

2.2. Governmental Public Policy and Public Health Role

Significant to NBS, the roles of government and families were critical to the development of NBS
programs and support. Eunice Kennedy Shriver, a longtime advocate for children’s health and disability
issues, became Executive Vice President of the Joseph P. Kennedy Jr. Foundation in 1957 and championed
the creation of the President’s Panel on Mental Retardation in 1961 and the National Institute of Child
Health and Human Development (NICHD) in 1962, as a part of the National Institutes of Health (NIH). In
1962, the Children’s Bureau of the federal Department of Health, Education, and Welfare funded
pilots/research for PKU NBS.?! By 1965, thirty-five American states had enacted screening laws.

The increasing pace of expansion of NBS through the 1970s and 80s along with apparent variation
in outcomes of those identified with disease through NBS and subsequently treated, pointed to the need
for national policy data, program harmonization/standardization and NBS systems improvement. The
National Research Council of the National Academy of Sciences (NRC/NAS) [8] was convened in 1975 to
develop its first recommendations on genetic testing, including aspects of NBS, thus increasing the role of
government in policymaking. Wilson and Jungner in 1968 [22] proposed criteria for screening adults for
chronic disease noting:

“The central idea of early disease detection and treatment is essentially simple. However, the
path to its successful achievement (on the one hand; bringing to treatment those with previously
undetected disease; and, on the other, avoiding harm to those persons not in need of treatment)
is far from simple though sometimes it may appear deceptively easy.”.

The NRC/NAS reviewed those principles but brought a specific focus to NBS and rare diseases. The NRC
report was prophetic in making the following statement,

“As new screening tests are devised, they should be carefully reviewed. If the experimental rate of
discovery of new genetic characteristics means an accelerating rate of appearance of new screening
tests, now is the time to develop the medical and social apparatus to accommodate what later on may
otherwise turn out to be unmanageable growth”.



Since then, additional recommendations have been put forth by several professional groups and federal
agencies. In 1987, the NIH and HRSA convened a consensus development conference on Newborn Screening
for Sickle Cell Disease and Other Hemoglobinopathies. The conference concluded that universal screening for
SCD should be provided [23]. Other recommendations for NBS came from American Academy of
Pediatrics (AAP) in 1999 [24], the Institute of Medicine (IOM) with Assessing Genetic Risks [25], and the
American College of Medical Genetics (ACMG) in 2005 [26]. Except for the reports from the NAS, these
review efforts were prompted by federal funding from HRSA/HHS. The AAP report served as a blueprint
for many of HRSA’s activities through this decade. Indeed, the various commissioned groups’
recommendations have been implemented over time, and now there are federal agencies in existence,
responsive and responsible to carry out the programs and support research on various aspects of genetics
and NBS, including implementation of a federal law that protects consumers from discrimination by their
employers and the insurance industry on the basis of genetic information (Table S1a and b).

Regulatory processes also were addressed during the decade (Table Sla and b) and important for
NBS and rare diseases, the U.S. Food and Drug Administration (FDA) Office of Orphan Products
Development was created through the Orphan Drug Act (ODA) of 1982/83 to provide tax incentives and
market exclusivity to those developing drugs for rare disorders. By 1990, Congress had added FDA
Humanitarian Device Exemption (HDE) to the Safe Medical Devices Act of 1990 for products intended for
diseases or conditions affecting rare disease populations. However, because the genetic testing industry
was characterized by laboratory developed tests (LDTs) with low insurance reimbursement there was little
impetus to develop and make available FDA-cleared tests and testing devices. As such, the HDE was much
less successful than the ODA in developing incentives for industry to innovate in this area.

3. Newborn Screening: 2000 - 2009
3.1. Scientific Knowledge and Technology Expansion

The decade began with significant NBS expansion often secondary to the incorporation of tandem
mass spectrometry (MS/MS) into NBS programs. Many programs added up to eighteen conditions using
multiplex-screening by MS/MS between 1990 and 2010 while CF, SCID, and hearing loss (HL) were added
using individual test for each (see Table S2) [27]. In the interest of bringing greater national uniformity to
NBS in 2003, HRSA/HHS engaged ACMG to establish the criteria by which conditions are assessed and
apply it to the evidence available on 84 genetic conditions and phenotypes already being screened
somewhere in the world. Evidence-based medicine standards were just developing but most case-level
evidence and data remained inaccessibly siloed in clinics and physician’s offices. There were national and
international gaps in individual and population-level data on rare disease cases globally. Data on
penetrance and the range of disease severity were lacking, hampering decisions on which conditions to
include in required NBS.



Table S3. Conditions in NBS (2000-2010).

Years Conditions in NBS

2000s Cystic fibrosis (CF)

Medium-chain acyl CoA Dehydrogenase deficiency (MCAD)
Very Long-chain acyl CoA Dehydrogenase deficiency (VLCAD)
Long-chain acyl CoA Dehydrogenase deficiency (LCHAD)
Trifunctional Protein deficiency (TFP)

Carnitine uptake/transport (CUD)

Methylmalonic aciduria (MMA) (mutase)

MMA (cobalamin)

Propionic Acidemia (PA)

isovaleric acidemia (IVA)

3-methyl crotonyl carboxylase deficiency (3MCC)
3-hydroxy 3-methylglutaryl-CoA lyase deficiency (3H3MG)
Holocarboxylase def.; Beta-keto-thiolase deficiency (BKT)
Glutaric acidemia (GA 1)

Argininosuccinate synthetase def(ASA)

Citrullinemia Type 1 (CIT 1)

Homocystinuria (HCU)

Tyrosinemia type 1 (TYR) 1

Severe Combined Immunodeficiency (SCID);

Hearing loss

Prior to this decade, pilot studies of candidate conditions were largely single-state efforts limited
to a few programs with research missions and funding added to their service responsibilities. The statistical
demands and costs of running sufficiently large prospective pilot studies for new and rare often-complex
conditions under consideration for possible addition to NBS, particularly one at a time, becomes obvious.
In 2008, NICHD/NIH contracted with ACMG to establish and operate the Newborn Screening
Translational Research Network (NBSTRN) as a bridge between research and clinical investigation to
enhance the knowledge base and clinical care and to develop the tools to support large multistate NBS pilot
studies.

Population screening increases understanding of the disease and its spectrum of severity. One of
the more robust NBSTRN pilot studies evaluated screening for a condition was that done by NBSTRN for
severe combined immunodeficiency (SCID) disorders. This very large pilot study highlighted the difficulty
in obtaining sufficient statistical power with rare disease studies, even with seemingly very large
populations [28]. Central to the solution is the need for latitude in the statistical power requirements when
screening for rare diseases. In SCID the number of unique genetic conditions meeting the SCID definition
expanded from 25 to 50, highlighting the ongoing rapid accumulation of knowledge on genetic diseases.
Importantly for SCID, the screening test, T-cell Receptor Excision Circles (TRECs) [29], brought molecular
testing to the first tier of screening algorithms while industry was developing multiplexed gene panel tests
for the diagnosis of the many genetic etiologies of SCID. NBSTRN became active in collaborating with state
NBS programs and investigators on population-stage pilot studies of Pompe disease,
mucopolysaccharidosis type II (MPS II), spinal muscular atrophy (SMA), and X-linked adrenal
leukodystrophy (X-ALD), and Duchenne muscular dystrophy (DMD) [30-35].

The NBSTRN pilots also pointed to the need for improved data collection infrastructure. NBS
historically includes short-term follow-up (STFU) and long-term follow-up (LTFU). STFU includes the



establishment of a diagnosis, or not, and the plans for or the initiation of treatment. LTFU includes the
initiation of and response to treatment, connection to related services, and clinical outcome evaluations to
assist in system quality improvements. The clinical outcomes are particularly important in establishing
clinical validity and utility. At this time, data from all US NBS programs were voluntarily reported to the
Council of Regional Networks and later, the National Newborn and Genetics Resource Center
(CORN)/NNSGRC) as a means of self- and inter-program evaluation for quality improvement and public
review as a means of program transparency [36]. Ongoing data collection and analyses are essential in
supporting the continuation of screening, diagnoses, and treatment and in understanding whether the
expected outcomes of screening have been realized.

Data from STFU and LTFU of screen positive newborns has highlighted how biased our views of
genetic diseases may be when cases are ascertained through studies of those clinically affected and their
families. Unbiased ascertainment typically results in a better understanding of disease incidence,
identification of a broader range of disease severity, particularly at the mild end of the disease spectrum.
Full population screening, as in NBS pilots, identifies later-onset forms of a disease and provide a less
biased estimate of disease penetrance.

3.2. Governmental Public Policy and Public Health Role

During this 2000-2009 decade there was no clear administrative structure intersecting federal and state
public health programs, specifically NBS and genetics (Table 54). A government-wide assessment by the
Government Accountability Office (GAO) also pointed to the lack of federal and state coordination [37].
Further, there was no clear administrative structure that organized the many federal agencies involved in
public health or specifically, NBS and genetics [25,38].

Table S4. Roles of U.S. federal agencies in NBS
Federal

CDC Support national newborn screening program for quality assurance. Also
provides guidance and oversight for the control of infection and chronic
illness; preparedness for new health threats.

NIH Support for research and development of new public health approaches and
therapies, and treatments. Relevant research programs include Rare Disease
and Genetics/Genomics.

FDA Responsible for protecting the public health by assuring the safety, efficacy
and security of human and veterinary drugs, biological products, medical
devices, our nation's food supply, cosmetics, and products that emit radiation.
Relevant programs include Orphan Drug Program.

HRSA Supports the only federal Genetic Services Program, including the
ACHDNC. Supports programs for health and public health infrastructure,
training of health professionals and distributing them to areas where they are
needed most, providing financial support to health care providers, and
advancing telehealth. HRSA programs provide equitable health care to
people who are geographically isolated and economically or medically
vulnerable. This includes programs that deliver health services to people with
HIV, pregnant people, mothers, and their families, those with low incomes,
and residents of rural areas.

CMS Serves Medicaid and Medicare beneficiaries

State

Of 50 state | Newborn screening
public health




agencies, 29 | Programs and policies to address maternal-child health, environmental
are health, chronic illness, tobacco control, and infectious disease

independent | Public health emergency response

agencies and | Vital statistics

21 are a unit | Infectious and chronic disease surveillance

of a larger | Maintenance of immunization registries

umbrella Licensing and regulation of health care service providers

agency; 27 | Laboratory testing, including foodborne illness testing and influenza typing
have a state
board of
health or
similar entity.

Because of individual champions within federal and state government agencies and professional
and consumer advocacy organizations, 2000-2009 marked a decade when federal interest and public
support and activities for NBS programs grew greatly, much driven by the Child Health Act of 2000, the
Newborn Screening Saves Lives Act of 2008 (NBSSLA) and the creation of the Secretary’s Advisory
Committee on Heritable Disorders in Newborns and Children (ACHDNC) which formalized acceptance
of the ACMG’s recommendations for the first national Recommended Uniform Screening Panel (RUSP)
[26,27]. As per its legislation, ACHDNC established the criteria by which it would accept nominations and
review conditions addition to the RUSP [39]. Unfortunately, while pilot studies to establish whether a
condition should be added to NBS panels were numerous, most pilots lacked clear endpoints, such as how
many cases needed to be identified. In addition, while rapidly developing IT and informatics tools enabled
broad collaborative pilot studies and data sharing, funding was inadequate for a comprehensive and
coordinated national system. The implementation of the NBSSLA increased support for funding pilots and
NBS public health and services infrastructure, thereby facilitating the incorporation of the RUSP into state
NBS panels.

Further government support came with the enactment of the Rare Diseases Act of 2002 which
established the Office of Rare Disease (ORD) at NIH to recommend a NBS research agenda and to
coordinate related activities. By 2003, NIH had established a rare disease research agenda and to coordinate
related activities. By 2003, NIH had established the Rare Diseases Clinical Research Centers (RDCRCs) to
fill a significant gap in knowledge related to rare genetic diseases.

Movement towards a national electronic health information system in the U.S. had resulted in tools
useful for administrative tasks such as billing but were limited in their ability to manage longitudinal case-
level clinical information. More than one-third of local health departments reported their inability to access
an electronic surveillance system with data from local emergency departments, which could facilitate early
identification of screen positive infants identified through NBS [38,40,41]. In 2007 the American Health
Information Community (AHIC) was charged with establishing the standards needed to move towards a)
interoperability, b) the use of the most advanced health IT and, c) electronic exchange of health information.
Movement of IT forward for NBS occurred when AHIC accepted NBS as a use case to address gaps between
public health and the health care delivery system [42]. It resulted in the creation of the Newborn Screening
Coding and Terminology Guide [43] by the National Library of Medicine (NLM) to promote and facilitate use
of health data standards in recording electronic NBS results and interoperability transmitting those results.

4. Newborn Screening: 2010 — 2019

By 2010, inclusion of a condition in NBS had become a sign that the disease was understood and could
be effectively treated. There was growing consumer involvement as increasing numbers of disease support
groups made the addition of a specific condition(s) to the RUSP a main goal of their advocacy. The federal



role had expanded beyond mostly fiscal support to include support for scientific and medical review of
candidate conditions through ACHDNC and attention to IT needs. The need for longitudinal clinical
information on infants identified and diagnosed by NBS as a source of data on clinical validity and utility
was growing leading to recognition of a need to further address the development and standardization of
EHRs in the U.S. However, there was little movement in developing robust health IT systems beyond the
recognition of need. After significant NBS expansion in the 2000s, state budget constraints and competing
public health emergencies (e.g., HIN1 flu, Zika, multiple hurricanes) slowed progress at the end of the 2010
-2019 decade [44,45] (Table S5).

Table S5. Conditions in NBS 2010-2019

Years Conditions in NBS

2010s Spinal Muscular Atrophy (SMA)

Pompe

Mucopolysaccharidosis I (MPS I)

Critical Cyanotic Congenital Heart Disease (CCHD)
X-linked adrenoleukodystrophy (X-ALD)

2020s None added to RUSP

4.1. Scientific Knowledge and Technology Expansion

This decade saw a rapid advance of the development of new treatments and screening tools. The
first gene therapy for a NBS condition, Zolgensma®, became available shortly after Spinraza® was cleared
by FDA and led to the addition of SMA to NBS. In 2020, the first patient with SCD was treated using
clustered regularly interspaced short palindromic repeats (CRISPR) Cas 9 gene replacement therapies.
Even though these treatments were for rare disorders, concerns were raised about treatments becoming
cost prohibitive as, for example, Zolgensma’s® costs were approximately $2.2 million for the one-dose
treatment.

Second-tier molecular or biochemical tests were being integrated within the NBS laboratories to
better manage predictive values, reduce the costs of follow-up (false-positive screens) to families and to the
health care system, and to inform treatment in emergent neonatal situations. Molecular NBS was moving
from functional testing with minimal interpretation issues (e.g., TRECs) to germline testing to identify
medically actionable targets. Sequencing arrays and gene panels that included many genes were
increasingly a part of diagnostic evaluations. The National Human Genetics Research Institute
(NHGRI)/NICHD-funded Newborn Sequencing in Genomic Medicine and Public Health (NSIGHT)
program demonstrated the potential roles for exome sequencing (ES) or genome sequencing (GS) in NBS
[46-48]. Among cases screening positively for an inborn error of metabolism (IEM) by traditional NBS
methods across two study sites, specificity was 94% and 86% - 88% of newborns were detected (clinical
sensitivity) by ES/GS [46]. Much of the reduction in clinical sensitivity resulted from the proportion of cases
with variants of uncertain significance (VUS) that aren’t reported in the screening results of asymptomatic
people. Both study groups considered this performance to be inadequate to replace traditional NBS
methods with ES/GS at this time. However, if other medically actionable screening biomarkers are not
available for identification in the pediatric period, the value of ES/GS in identifying infants with variants
in genes is apparent. For example, the potential for ES/GS to contribute to NBS for non-IEM disorders
would enhance is apparent in NBS for early onset HL [49]. The number of infants with HL not detected at
birth, but likely to realize a benefit from early treatment similar to that detected by NBS audiometry is
nearly equal to the number of infants found by traditional HL NBS [49].

Simultaneous with the NSIGHT projects, NHGRI and NICHD funded The Clinical Genome
Resource (ClinGen) that prioritized NBS genes among its variant curation activities to minimize uncertain
findings. Genomic screening emerged through consented reporting of medically actionable secondary



findings (SF) [50] that could be screened over the lifespan, including in NBS. More recently, metabolomic
profiles (the complete set of small-molecule (<1.5 kDa) metabolites) have shown potential for IEM screening
in NBS [51].

Alternative approaches to broadening access to NBS outside of the public health system also
emerged. The New York Screen Plus pilot study program funded by NIH [52] provides an example of an
academic research program partnered with a state NBS laboratory to manage consented pilots of 5
lysosomal storage diseases (LSDs) (now expanded to 11 IEMs). Other approaches to broadening NBS have
incorporated hospital-based screening as reported by Parad et al for DMD [53].

4.2. Government Public Policy and Public Health Role

Although new treatment modalities were being developed, access to long-standing treatments
such as medical foods for children with PKU and other inborn errors of metabolism (IEM) remained uneven
even though ACHDNC was advocating for policies that ensured uniform access to the treatments, as access
to treatment was key to a condition being added to the RUSP [54]. The Affordable Care Act of 2010 (ACA)
requires health plans to cover screening for the federal RUSP with no cost sharing. However, treatment
coverage for conditions on the RUSP was not addressed specifically in the ACA. In addition, state NBS
programs continue to vary in both the number of mandated tests and their funding mechanisms for the
NBS program, using a combination of state laboratory fees, third-party billing, and other federal and state
funding [55,56]. NBS programs are uniquely funded among public health programs using funds from the
U.S. Public Health Service Act, the Social Security Act, and NBS program fees to pay for the laboratory
screening. States may also address costs with Medicaid and state general revenue to ensure universal access
to screening, diagnosis, and treatment for all newborns. Additional funding may come from hospitals in
the form of purchase of the filter cards used for collecting the blood samples. Others seek reimbursement
through payers of health care costs.

NBS mandates and Medicaid rolled out state-by-state in the 1960s, 70s, and 80s, and are considered
significant programs that improved infant health in the latter half of the 20" Century. Analysis of birth and
death data over the period of institution of Medicaid and timing of NBS mandates show that NBS is
associated with improvements in infant mortality in states with Medicaid. And in contrast, NBS mandates
were not linked to significant declines in infant mortality in states without Medicaid [57].

Currently, depending on the state and Medicaid coverage, patients and families may have to
assume costs for the nutrition and metabolic foods required to treat the disease, particularly given
considerable variation in coverage policies in State insurance programs. Limiting reimbursement to the
costs of screening tests alone undermines the common practice of using screening charges to fund follow-
up services, counseling, and medical food or formula, particularly for low-income families [58]. The
Medical Nutrition Equity Act was introduced in 2013 to address treatments for IEM. It has since been
reintroduced but not yet authorized. The Act would require all private insurance plans (state regulated or
self-insured/self-funded) and federal health programs, including Children’s Health Insurance Program,
Tricare, Medicaid, Medicare, and Federal Employee Health Benefit Plans to provide coverage for formula
and low protein modified foods for all children and adults with IEM [57].

The 2010 - 2019 decade ended with continued discussion of the NBSSLA. Congress renewed NBSSLA
in 2014 with a new requirement imposing consent requirements on NBS pilot studies. NBSSLA of 2019
passed the House in July 2021, but to date, the Senate has not yet held a mark-up of the bill due to renewed
insistence that the bill require parents/guardians to opt-in for research using their newborn’s unidentified
DBS. Such a requirement would likely create a detrimental burden for rare disease research similar to the
requirement imposed in 2014. Following a public comment period in 2017, HHS recognized the harm this
policy could do to rare research and reversed the decision.
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