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Abstract

Purpose: Newborn screening has dramatically decreased the morbidity and
mortality associated with a wide range of heritable conditions. Continuing
advances in screening technology and improvements in the effectiveness of
treatment are driving the rapid expansion of newborn screening programs. In
this article, we review issues in newborn screening care and opportunities for
nurses and nursing faculty to provide education and conduct research to im-
prove the impact of newborn screening.
Organizing Construct: This article provides (a) an overview of current new-
born screening activities, including how conditions are added to newborn
screening panels and how implementation occurs at state and national lev-
els; (b) a description of current controversies and ethical considerations; (c) a
description of the roles of nurses in the newborn screening process; (d) sug-
gestions for nursing education and research; and (e) a summary of expected
future developments in newborn screening, including genome sequencing.
Conclusions: Nurses are uniquely well suited to address the educational needs
and future research in newborn screening because of the role that nurses
play in the provision of direct clinical care and in population-based healthcare
delivery.
Clinical Relevance: Newborn screening is a public health approach to the
identification of rare but treatable conditions in early infancy. In the United
States, as in other industrialized countries, newborn screening is rapidly ex-
panding. Nurses, nurse educators, and nurse researchers are positioned to
contribute to the field of newborn screening by assuring programs are im-
plemented safely and effectively, by facilitating education of the nursing work
force, and by developing and contributing to research programs in newborn
screening.

The goal of newborn screening is the early identifica-
tion and treatment of conditions associated with signif-
icant morbidity or mortality (Moyer, Calonge, Teutsch,
& Botkin, 2008). Newborn screening began in the 1960s
through analysis of dried-blood spots for a single disor-
der, phenylketonuria. The development of new screening
technology and therapeutic interventions beginning in
the 1980s has led to rapid expansion of newborn screen-
ing. Newborn screening has dramatically decreased the
morbidity and mortality for infants with rare, heritable
conditions and congenital disorders (Dijk, McKay, Barzi,

Gaskin, & Fitzgerald, 2011; Wilcken, 2012). However,
increased growth and complexity of newborn screening
programs and the emergence of advanced technologies
in screening have raised critical issues related to ethics,
care delivery, and research (Avard, Vallance, Greenberg,
& Potter, 2007).

Diverse national and state policies govern newborn
screening practices and the determination of conditions
suitable for screening. In the United States, newborn
screening programs operate at the state level. Because
of this, variations have developed in the conditions
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included in screening. To help guide states and to de-
crease this variability, a federal advisory committee, the
U.S. Secretary of Health and Human Services Advisory
Committee on Heritable Disorders in Newborns and Chil-
dren (SACHDNC), was formed to provide guidance to
the Secretary regarding which conditions should be in-
cluded in newborn screening and how other aspects
of screening, such as follow-up, should be coordinated
(Howell & Lloyd-Puryear, 2010; Perrin et al., 2010). The
recommended uniform newborn screening panel con-
sists of those conditions recommended by the Secretary
to states for screening. Funding for screening programs
comes from Maternal and Child Health Services Title V
block grants, state revenue, public health appropriations,
and fees from families or insurance companies (Therrell
et al., 2007).

In many European countries, newborn screening pro-
grams are coordinated and administered at the national
level, with professional oversight conducted, in some in-
stances, by national screening societies (Javaher et al.,
2010). There is a call for a uniform panel of disor-
ders across Europe similar to that in the United States
(Loeber et al., 2012). Screening program and procedure
costs are often covered by national or state agencies or
in some cases by private insurers (Javaher et al., 2010).
In Canada there is no national governance of newborn
screening programs. Each province develops and admin-
isters screening programs for each region (Avard et al.,
2007; Little et al., 2009).

In developing countries in the Asian Pacific, Latin
America, and Middle East there is considerable inter-
est in newborn screening, but implementing and sus-
taining newborn screening is difficult when there is
potential political instability, poverty, and competing
public health systems and priorities (Giugliani, 2010;
Padilla, Krotoski, & Therrell, 2010). Screening efforts
have been supported through sharing of expertise and
resources from established programs in Europe (Padilla
et al., 2010). Half the world’s births occur in Asian Pa-
cific countries; therefore, modest screening programs for
a single disorder, such as hypothyroid screening in Laos,
provide substantial benefits for children in these nations
(Padilla & Therrell, 2012).

Balancing the Benefits and Harms
of Newborn Screening

In general, conditions are recommended for newborn
screening if there is sufficient evidence that early diag-
nosis leads to improved health outcomes and that the
benefits of screening outweigh potential harms (Calonge
et al., 2010). When developing recommendations for

new disorders for screening, the U.K. National Screening
Committee and the SACHDNC examine evidence from
systematic reviews and take into account factors such as
economic feasibility, availability of treatment, and accept-
ability by the public of the screening test (U.K. National
Screening Committee, 2012; Watson et al., 2006). Two
conditions were recently added to the universal newborn
screening panel in the United States: severe combined
immunodeficiency disorder and congenital heart disease
(Buckley, 2012; Kemper et al., 2011). Other conditions,
including hemoglobin H disease, Krabbe disease, Pompe
disease, and chronic bilirubin encephalopathy, have been
considered but not recommended for screening (U.S. De-
partment of Health and Human Services, 2012). The rea-
soning behind not adding these conditions was a lack
of evidence for demonstrable benefits from early inter-
vention, uncertainty about the feasibility of screening,
and harms related to screening and diagnosis. Screen-
ing can identify secondary conditions, which are con-
ditions not targeted by screening but detected in the
process of screening. Deciding how screening programs
should manage the detection of secondary conditions is
challenging because these conditions may not be associ-
ated with serious disease and treatment strategies may
not be established (Wilcken, 2010). For example, short-
chain acyl-CoA dehydrogenase deficiency is detected in
screening for metabolic disorders through tandem mass
spectroscopy; however, the degree to which this condi-
tion is pathological is unclear (Wolfe, Jethva, Oglesbee, &
Vockley, 2011).

In the United States, individual states can opt to screen
for conditions not recommended by the SACHDNC. For
example, screening for Krabbe disease, a progressive neu-
rodegenerative disorder, began in New York State in 2006
prior to the SACHDNC recommendation not to include
the disorder and continues today. There is limited evi-
dence that supports long-term health benefits for infants
treated with stem cell transplantation for infantile-onset
Krabbe disease (Kemper et al., 2010). Pompe disease is
a glycogen storage disorder with features of hypertrophic
cardiomyopathy and weakened skeletal muscles. Enzyme
replacement therapy has been used for a number of years,
but it is expensive, and clinical improvements in car-
diac arrhythmias and gross motor function are variable
(Prater et al., 2012). The SACHDNC has not yet rec-
ommended newborn screening for Pompe disease, but
Missouri, Illinois, and New Mexico have passed legisla-
tion for eventual screening of these disorders (Burton,
2012). When there is limited evidence of benefit from
screening, there are decided tensions between the appli-
cation of new technologies and protecting the public from
potential harms of screening. On the other hand, op-
portunities for expanding knowledge and for refining
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screening technologies and treatments are possible
through population-based screening in the newborn
period.

In developing newborn screening policy, the major fo-
cus has been on improving outcomes for affected new-
borns, but families may also benefit even when no spe-
cific treatment is available. Although early identification
of some conditions (e.g., muscular dystrophy, fragile X
syndrome) may not lead directly to decreases in morbid-
ity or mortality in the affected child, such information
could help the family avoid the challenge of seeking help
from multiple healthcare providers before the diagnosis
is established (the “diagnostic odyssey”), allow the fam-
ily to make informed reproductive choices, and help the
family prepare for the expected health outcome of the
child (Bailey et al., 2009). Another argument regarding
the benefit of early diagnosis of conditions for which early
intervention may not improve health outcomes is that
early identification may lead to the development of novel
therapies (Bailey et al., 2009; Wilcken, 2011). Studies in-
dicate that public support is high for early screening of
untreatable conditions (Etchegary et al., 2012; Hasegawa,
Fergus, Ojeda, & Au, 2011). Nevertheless, early diagnosis
of “untreatable” conditions may lead to harm for families.
In The Changing Moral Focus of Newborn Screening (Pres-
ident’s Council on Bioethics, 2008) authors cited neg-
ative effects of early screening for Duchenne muscular
dystrophy, including disrupted parent-infant bonding,
stress, anxiety, and parents seeking potentially hazardous
treatments for their children.

Harms of Newborn Screening

The harms of screening are often difficult to quantify.
It is important to recognize that screening tests are as-
sociated with both false-negative and false-positive test
results. A false-negative result occurs when screening
fails to identify a true diagnosis for an infant. Screen-
ing test specificity can reduce false-negative results, but
as a consequence, more false-positive findings may be
detected. The increase in the number of screening tests
has increased the risk for false-positive results (Tarini,
Christakis, & Welch, 2006). False positives, cases where
presumed positive diagnoses are ruled out, can create
substantial anxiety and stress for families at least until
the work-up is completed (Schmidt et al., 2012). Effective
communication between providers and parents can help
reduce anxiety associated with any abnormal screening
results (Davis et al., 2006).

More challenging, perhaps, are ambiguous or inter-
mediate results identified in metabolic screening, for ex-
ample, acylcarnitines for fatty acid oxidation disorders,

which may not normalize with repeat blood and urine
biochemical testing. Uncertain results prompt a cascade of
testing and ongoing monitoring until a diagnosis is con-
firmed or infants remain healthy and can be discharged
from care. The effects of diagnostic uncertainties and pro-
longed engagement with health services for families have
only begun to be explored. In a study of infants with un-
certain metabolic diagnoses, some parents had ongoing
worries about potential illness despite providers’ reassur-
ances of normal health and growth for their infants (Tim-
mermans & Buchbinder, 2010).

Screening for some conditions (e.g., sickle cell disease,
cystic fibrosis) can lead to the identification of infants
who are carriers of one abnormal allele. Most infants
who are carriers have no direct medical problems but
are at increased risk for having an affected child in the
future. There is limited research on how carrier status
can be discussed with parents in ways that allow them
to make meaningful use of it (Lang, McColley, Lester,
& Ross, 2011). Moreover, few studies have been under-
taken that examined how children are informed about
their carrier status by parents and providers (Ulph, Leong,
Glazebrook, & Townsend, 2010).

Newborn screening requires only a fraction of the
collected dried-blood spot for analysis. The remainder,
known as the residual dried-blood spot, can be stored in
biobanks and used for program quality assurance, vali-
dation of new assays, and epidemiological research (e.g.,
the population prevalence of specific genes or gene vari-
ants; Therrell et al., 2011). Residual dried-blood spots
have been used for forensic purposes (e.g., identification
of a missing newborn) and analyzed in cases of unex-
pected deaths (Norgaard-Pedersen & Hougaard, 2007).
Biobanks are a rapidly developing strategy for not only
storing dried-blood spots, but of balancing privacy pro-
tections when dried-blood spots are used for quality
assurance and research. The storage and use of dried
residual blood spots without parents’ permissions has
sparked debates and legal action in the United States,
the United Kingdom, and Australia (Lewis et al., 2011;
Bowman & Studdert, 2011). Studies of parents’ responses
to biobanking and use of dried-blood samples in re-
search indicate parents will often participate in research
when informed consent is obtained and privacy protec-
tions are in place (Bombard et al., 2012; Tarini et al.,
2010). U.S. policies for parental permission for storage,
destruction of samples, or use in research vary, but it
can be expected that added focus on the disposition of
blood spot samples will spur policy development (Haga,
2010). To promote greater understanding of biobanking
among the public and for providers, education related to
residual dried-blood spots use is needed (Botkin et al.,
2012).

Journal of Nursing Scholarship, 2013; 45:1, 25–33. 27
C© 2013 Sigma Theta Tau International



Implication of Newborn Screening DeLuca et al.

Newborn Screening in Nursing Practice,
Education, and Research

Nurses and midwives are key providers for educat-
ing and communicating screening information to par-
ents throughout the newborn screening process. Ap-
propriately timed preemptive high-quality education
may lessen distress associated with subsequent abnor-
mal screening results and facilitate follow-up (Tluczek,
Orland, Nick, & Brown, 2009).

Preconception Period

Educating expectant parents is challenging because of
the large number and complexity of conditions and the
limited amount of time that parents have to learn about
newborn screening. Parents prefer that information and
education about newborn screening be provided to them
over the course of pregnancy and before delivery (Det-
mar et al., 2007; Hasegawa et al., 2011). Parent teaching
and educational brochures should include descriptions of
how screening results will be communicated back to fam-
ilies and what parents can expect if retesting or an evalua-
tion is needed for their infants (Arnold et al., 2006; Davis
et al., 2006).

Perinatal Period

Information about newborn screening is often pre-
sented to parents at some point after delivery, but in
the excitement of a new baby this information may be
lost. Globally, policies vary in requiring informed con-
sent from parents for newborn screening. In the United
States, newborn screening is considered a mandatory
process with only a few states requiring formal consent
procedures for screening (Therrell, Johnson, & Williams,
2006). Newborn screening usually operates with children
being screened as a default. There are provisions in many
states for parents to opt out of screening for religious
and other reasons (Ross, 2010), but it is unclear how
this information is presented to parents and how often
they opt out of the process. Parents who refuse screen-
ing in the United States and elsewhere typically sign a
form that outlines the potential health risks for the infant.
In much of Europe, Australia, and New Zealand, new-
born screening is voluntary, and written or verbal con-
sent from parents is required (Human Genetics Society
of Australia, 2011; Kerruish, Webster, & Dickson, 2008;
Loeber et al., 2012). In a qualitative study by Nicholls
(2012), Canadian parents stated they had minimal discus-
sions about consent, with screening performed as a rou-
tine part of postnatal care. This suggests possible short-
comings in obtaining fully informed consent in clinical

settings. In screening for conditions for which the ben-
efit is uncertain, screening should ideally be conducted
within a research protocol, including informed consent
and prospective evaluation of the impact of screening on
newborns and families (Kemper & Wake, 2007; Ross &
Waggoner, 2012).

The cornerstone of newborn screening has been the
analysis of dried-blood spots in centralized public health
laboratories, which has the benefits of providing a mech-
anism for public health programs to assure that all new-
borns are screened and to allow public health officials
to monitor follow-up. Two conditions, congenital hear-
ing loss and critical congenital heart disease, are based on
physiological tests and can be screened for in the new-
born nursery prior to discharge. In the future, it is likely
that tests carried out in centralized laboratories could
be performed within the newborn nursery. For exam-
ple, “laboratory on a chip” screening devices would allow
the rapid diagnosis of conditions that now rely on com-
plex screening technology in public health laboratories
(Millington et al., 2010). This approach allows for ear-
lier diagnosis but would remove centralized public health
laboratories from the process of screening.

Pediatricians and nurses are often first to inform fam-
ilies about abnormal newborn screening results, usually
by telephone or a home visit. It is not uncommon for
providers to have insufficient understanding of screen-
ing and lack confidence in speaking with parents about
screening results (Dunn, Gordon, Sein & Ross, 2012;
Kemper, Uren, Moseley, & Clark, 2006). Parents are of-
ten very distressed by the notification of an abnormal
screen. Accessing the Internet for disease information
can frighten parents and increase their distress (DeLuca,
Kearney, Norton, & Arnold, 2012). Providers can help by
guiding parents to credible newborn screening websites
and engaging them in discussions of online information.

National or state boundaries can be barriers to prac-
tice if screening policies are markedly different in ad-
jacent regions. Pediatric providers in the United States
who care for patients across state borders should be
familiar with policies governing screening practices for
neighboring states (Newborn Screening Authoring Com-
mittee, 2008). Cross-border cooperation is encouraged
among E.U. countries for sharing protocols, expertise,
research, treatment, and follow-up (European Union
Tender, 2012).

Specialty Care

Specialty care providers are central to the diagnosis
and care of newborn screening patients. Multidisciplinary
teams of geneticists, nutritionists, genetic counselors,
and nurses are commonly employed because of the
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complexity of the conditions. Extended wait times for
metabolic clinic appointments, or sweat tests for cystic
fibrosis, and waiting for results from diagnostic testing
can be agonizing for families (DeLuca, Kearney, Nor-
ton, & Arnold, 2011; Tluczek, Koscik, Farrell, & Rock,
2005). Nurses play an important role in the coordination
and communications between primary or specialty care
centers and parents for decreasing families’ distress and
managing children after diagnosis for improving health
outcomes.

Long-Term Follow-Up

Historically, newborn screening programs have focused
on assuring that newborns are appropriately screened
and that those children with an abnormal screening result
are either rescreened or have diagnostic follow-up (i.e.,
short-term follow-up). The benefit of newborn screen-
ing, however, comes from the long-term treatment of
those identified with a condition. The SACHDNC has de-
fined the components of long-term follow-up as high-
quality chronic disease management with condition-
specific treatment and age-appropriate preventive care
over the lifespan (Hinton et al., 2011; Kemper et al.,
2008). In recent years, state-based and voluntary na-
tional registries have developed in the United States for
tracking and research of rare diseases. Gaps in long-term
follow-up include shortages of specialists and lack of pub-
lic awareness of the benefits of screening (Centers for Dis-
ease Control and Prevention, 2012). European screening
systems provide expert short-term care, but long-term
follow-up is organized locally without centralized long-
term monitoring of patients (Burgard et al., 2012). Long-
term follow-up is crucial for understanding the natural
history of rare disorders and innovating and improving
treatment. Raising public awareness through advocacy
and the development of regulatory guidelines for follow-
up may help close the gap in long-term service provision.
Continuous quality assurance projects can help to iden-
tify areas for improvement in services to keep pace with
rapid changes in newborn screening (Burgard et al., 2012;
Hinton et al., 2011).

Opportunities for Nurse Educators

Nurse educators can prepare nursing students at differ-
ent stages of their careers for clinical, research, and ed-
ucation roles related to families and newborn screening.
For nursing faculty, newborn screening provides an elu-
cidatory model for teaching clinical genetics. Metabolic
disorders are largely autosomal recessive and rare; how-
ever, several disorders such as phenylketonuria have
been extensively studied. Screening disorders can be used

for teaching students patterns of inheritance, metabolic
pathways, and principles of metabolic diet therapy. Two
websites, GeneReviews and Online Mendelian Inheritance
in Man (see Clinical Resources), offer comprehensive in-
formation about screening disorders with links to primary
references. Knowledge of tandem mass spectroscopy,
DNA, and biochemical diagnostic testing can enrich the
study of genetics and newborn screening for nurse fac-
ulty and trainees.

Clinically relevant newborn screening information can
be explored through links to public health. Websites
for state newborn screening departments of health and
governmental agencies are substantive resources for
policy information on screening practices (see Clinical
Resources). The U.S. National Newborn Screening & Ge-
netics Resource Center is an extensive website for infor-
mation about state and international screening programs.
Similarly, the U.K. Programme Centre and Orphanet are
storehouses for information about disorders and service
provision. Web resources such as the Newborn Screen-
ing Translational Network are freely available and can be
used in class assignments and newborn screening topic
discussions.

In addition, nursing faculty has used simulation with
students in applying genomic knowledge in case stud-
ies (Daack-Hirsch, Dieter, & Quinn, 2011). Simulations
for practice conversations can help students develop their
communication skills and confidence in discussing new-
born screening information or other complex genetic or
educational information.

Nursing Research in Newborn Screening

There are a wide range of opportunities for nurs-
ing research in policy, ethics, and clinical research in
newborn screening. Cost-effectiveness research is needed
for weighing the relative costs and benefits of newborn
screening. Further research of biobanking and use of
screening samples are important areas of inquiry. Po-
tential areas for investigation include examining dispar-
ities in newborn screening care as steps toward iden-
tifying system deficits and creating equitable screening
systems. A compelling area of research is investigating the
responses of the public toward newer screening technolo-
gies, such as whole genome analysis. Additional research
is needed for understanding best practices in communica-
tion between providers and newborn screening parents.
Nurse researchers are involved in the study of disease-
specific biomarkers and molecular analyses. Examining
epigenetic influences on diseases can further objectives
of improving outcomes and health promotion for those
affected by rare disorders. Furthermore, multidisciplinary
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research and clinical teams are needed for the delivery of
innovations from the bench to bedside and back.

Conclusions

Rapid advances in technology (e.g., DNA microarrays,
digital microfluidics) will continue to expand the num-
ber of conditions that can be detected through new-
born screening (Millington et al., 2010). Although pro-
hibitively expensive now, the time may come when
the entire genome could be sequenced as part of new-
born screening. Recent debates highlight the challenges
of applying newer technologies in screening common
disorders and sequencing for personalized medicine
(Goldenberg & Sharp, 2012). This raises concerns about
how information from genome sequencing will be used
by families for managing predisposition for adult-onset
conditions. Managing more information generated by
genome-wide screening may, at least at first, strain pri-
mary providers’ abilities to effectively communicate in-
formation to parents (Tarini & Goldenberg, 2012). Public
education will be critical for enhancing people’s under-
standing of newer screening methods and for maintain-
ing public trust.

As newborn screening technologies and systems con-
tinue to advance, the roles of nurses will also need to
evolve to meet the new challenges for newborn screening
practice. Nurse educators, researchers, and clinicians are
needed for the translation of new scientific findings into
practice and can lead the way for advancing genomic sci-
ence in the service of patients and families.

Clinical Resources
� Baby’s First Test: http://www.babysfirsttest.org/
� GeneReviews: http://www.ncbi.nlm.nih.gov/gtr/
� Genetic Alliance: http://www.geneticalliance.org/
� Genetic Home Reference: http://ghr.nlm.nih.gov/
� International Society for Newborn Screening:

http://www.isns-neoscreening.org/htm/home.htm
� Orphanet:http://www.orpha.net/consor/cgi-

bin/index.php?lng=EN
� National Coordinating for Genetics and Newborn

Screening: http://www.nccrcg.org/
� National Newborn Screening & Genetics Resource

Center: http://genes-r-us.uthscsa.edu/
� Newborn Screening Translational Network:

https://www.nbstrn.org/
� Online Mendelian Inheritance in Man (OMIM):

http://www.ncbi.nlm.nih.gov/gtr/

� Save Babies Through Screening Foundation:
http://www.savebabies.org/

� Secretary’s Advisory Committee on Heritable
Disorders in Newborns and Children: http://www.
hrsa.gov/advisory committees/mchbadvisory/
heritabledisorders/

� U.K. Newborn Screening Programme Centre:
http://newbornspot.screening.nhs.uk
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