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ALTHOUGH NEWBORN SCREENING has been a public 
health activity for �40 years, technological ad­

vances are beginning to reshape these programs.1–3 In 
particular, states have begun to use tandem mass spec­
trometry (MS/MS), a technology that measures meta­
bolic analytes that allow for the detection of dozens of 
disorders.3–6 A new report from the American College of 
Medical Genetics (ACMG) commissioned by the Mater­
nal and Child Health Bureau of the Health Resources 
and Services Administration (HRSA) has proposed that 
29 conditions be included in a uniform newborn-screen­
ing condition panel, including nonmetabolic disorders.7 

As a result, several states have moved forward with the 
recommended core panel. In addition, there have been 
proposals by others to screen for conditions such as 
fragile X syndrome and Duchenne muscular dystro­
phy.8,9 

We suggest that such proposals to expand newborn 
screening represent a paradigm shift in how newborn 
screening is justified. The consequences of such a shift 
need to be considered carefully. By newborn screening 
we refer to a comprehensive system that begins with 
parent and provider education and dried-blood-spot 
specimen collection and includes follow-up, diagnosis, 
treatment, and evaluation; newborn screening is not just 
a laboratory test.2,10 The historical rationale for newborn 
screening was the prevention of devastating harm to 
affected infants by providing immediate treatment after 
birth, an urgent response to avert a potential emergency 
of public health importance. Although newborn screen­
ing for most disorders still prevents deaths and disability, 
screening for certain disorders under the new paradigm 

may carry less dramatic or immediate benefit, as well as 
benefits beyond those to the newborn. 

We argue that the selection of disorders for popula­
tion-based screening should follow the standards of ev­
idence-based public health, which includes the system­
atic assessment of evidence of effectiveness using 
standardized methods.11,12 For example, the US Preven­
tive Services Task Force and the Task Force on Commu­
nity Preventive Services develop recommendations for 
decision-makers on the basis of systematic reviews of 
evaluations of interventions, which include assessments 
of the strength of research designs.13,14 A comparable 
evidence-based process should be established for new­
born screening that takes into account the scarcity of 
randomized, controlled trials and population-based 
studies of long-term outcomes.11 
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HISTORY OF NEWBORN SCREENING 
Newborn screening began in the early 1960s with a test 
for phenylketonuria (PKU) using dried blood spots col­
lected on filter-paper cards.3 Newborn screening for PKU 
was justified by the prevention of severe disability, be­
cause even a few weeks of delay in initiation of a low-
phenylalanine diet can result in irreversible neurologic 
damage.15 In 1963, Massachusetts mandated that all 
newborns be screened for PKU, and other states soon 
followed.16,17 Screening was mandated because of con­
cern that providers and parents might be slow to adopt 
screening voluntarily. An economic justification for pub­
lic funding of screening for PKU was that prevention of 
mental retardation would result in budgetary savings in 
institutional care.18 

During the 1960s and 1970s, states began to screen 
for other conditions for which it was believed that severe 
outcomes could be avoided. Screening for several met­
abolic diseases, including galactosemia, maple syrup 
urine disease, and homocystinuria, was initiated in a 
number of states by the late 1960s to prevent deaths 
during the neonatal period.3 Beginning in the late 1970s, 
screening and early treatment for congenital hypothy­
roidism was adopted to prevent intellectual disability 
and, like PKU, was found to be cost-saving.19 A few tests, 
including tests for adenosine deaminase deficiency in 
New York and �-1-antitrypsin deficiency in Oregon, 
were introduced in the 1970s but subsequently removed 
because clinical benefits were not apparent.20,21 

Newborn screening for sickle cell disease (SCD) and 
other hemoglobinopathies was introduced in New York 
in 1975 but did not become widely adopted until after a 
Consensus Development Conference in 1987.22,23 The 
recommendation for screening was based on evidence 
from a randomized, clinical trial that showed that anti­
biotic prophylaxis begun before 6 months of age could 
prevent most cases of pneumococcal sepsis in children 
with sickle cell anemia.24 The timing of treatment was 
less urgent, but newborn screening was regarded as the 
only way to ensure presymptomatic identification of 
affected children. Coincident with screening and im­
provements in treatment, mortality during the first 3 
years of life among children with SCD was reduced—a 
public health success.23 

Screening for SCD and other hemoglobinopathies re­
sults in the detection and reporting of multiple disorders 
and variants, with �50 carriers of hemoglobin variants 
identified for each case of SCD detected.10 States do not 
all report the same hemoglobin variants. Certain vari­
ants are benign, whereas other disorders are associated 
with mild outcomes or with severe outcomes that can­
not be avoided with early treatment. In most cases, 
confirmatory testing is required to distinguish asymp­
tomatic variants or mild disorders from clinically impor­
tant conditions.10 Other than SCD, however, outcomes 
may be no different with early detection. Thus, newborn 

screening for hemoglobinopathies set a precedent for the 
detection and reporting of multiple disorders, and only 
certain ones have clear evidence of benefit from early 
treatment. 

EVOLVING CRITERIA FOR NEWBORN SCREENING 
In 1968 the World Health Organization articulated cri­
teria for population-screening programs that focused on 
public health benefits.2,25 In 1975, the National Research 
Council issued a report that concluded that mandated 
screening could be justified only if there was evidence 
that it would prevent death or other serious harm to the 
affected individual.16 A 1994 Institute of Medicine report 
reaffirmed this approach to newborn-screening criteria 
based on the traditional public health emergency ratio­
nale.26 

In the United States, authority to determine which 
disorders are included in screening panels rests with the 
states, which use a variety of criteria.2,27 A few states 
have conducted evidence reviews.28,29 At the national 
level, the US Preventive Services Task Force has recom­
mended newborn screening for 3 groups of disorders on 
the basis of systematic reviews of evidence of prevented 
deaths and disabilities: PKU, congenital hypothyroidism, 
and hemoglobinopathies30; no other dried-blood-spot 
newborn-screening tests have been evaluated. No ongo­
ing process of evidence-based reviews for newborn 
screening is in place in the United States, unlike the 
United Kingdom with its Health Technology Assessment 
Program.31 

In recent years, parents, consumer advocacy groups, 
and health professionals have pushed for screening of 
more disorders. In 2000, a National Newborn Screening 
Task Force convened by the American Academy of Pe­
diatrics and HRSA called for standardizing a list of dis­
eases to be screened by all states.1 The HRSA subse­
quently contracted with the ACMG to propose criteria 
and recommend a core screening panel.7 The ACMG 
convened an expert group primarily of specialists in 
metabolic disorders and biochemical genetic screening 
that developed a new set of criteria for newborn-screen­
ing panels. A survey instrument based on these criteria 
was distributed to available experts and advocates who 
were asked their opinions about the value of testing for 
up to 84 disorders. A draft report with a recommended 
core panel based primarily on the survey results, as well 
as condition summaries prepared by disease experts, was 
“accepted” by the Secretary’s Advisory Committee on 
Heritable Disorders and Genetic Diseases in Newborns 
and Children in September 2004,32 and the HRSA re­
leased the report for public comment in March 2005.7 

The criteria developed by the ACMG panel broaden 
the rationale for newborn screening beyond the need to 
detect children soon after birth to prevent death or dis­
ability. First, the criteria include a broader definition of 
benefits to the affected child. These include all “out­
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comes” and “negative consequences” that can be opti­
mized or prevented. Additionally, benefits to families 
from timely knowledge of recurrence risks and the 
avoidance of “diagnostic odysseys” associated with de­
layed diagnoses are given as much weight as the preven­
tion of mortality. Below we offer an analysis of the 
implications of a shift toward greater emphasis on more 
moderate and parent-centered benefits and implications 
for policy deliberations. 

NEWBORN SCREENING AS A PUBLIC HEALTH SERVICE 
Newborn screening for particular disorders can be pro­
vided to all newborns under the public health authority 
of the state or as a clinical service at either provider 
discretion or consumer request.17 Currently, several 
commercial laboratories offer supplemental screening 
for disorders not included in state screening panels.6,33 A 
policy decision to add a disorder to a state screening 
panel means that the state takes responsibility for ensur­
ing access to all components of the newborn-screening 
system as a public health service. 

A decision to provide a public health service to the 
entire population should be made on the basis of evi­
dence of benefit, risk, and cost and with full consider­
ation of public resources and priorities.34 Regardless of 
whether universal newborn screening is publicly funded 
or the cost is passed through to third-party payers or 
parents, implications for resource allocation and the op­
portunity cost of foregone alternatives need to be con­
sidered. Prioritization is also important when public 
health agencies offer other clinical services, such as im­
munizations and cancer screening, to people who can­
not otherwise afford them 

Providing screening as a public health service can 
potentially be justified on grounds of equity or efficien­
cy.35 One equity argument is reduction of health dispar­
ities with uniform access to screening tests, presuming 
that early identification results in reduced death and 
disability. This argument is particularly powerful for 
children, who cannot take responsibility for their own 
health care. Efficiency arguments for population-based 
screening include lower average cost because of econo­
mies of scale in specimen collection and testing. Also, 
public health authorities can ensure follow-up of abnor­
mal test results and diagnoses and collect outcome data 
to monitor and evaluate screening, for which private 
laboratories lack authority.35 

Neither the equity nor the efficiency argument set a 
boundary for what tests should be offered as a public 
health service. The balance between costs borne by tax­
payers and contributors to insurance programs and the 
benefits received by individuals and families should be 
considered relative to other services. In the past, on the 
basis of evidence for PKU and congenital hypothyroid­
ism, it was argued that each dollar spent on newborn 
screening would save multiple dollars in averted health 

care costs, but with the expansion of screening panels, 
that cost-saving argument may no longer be valid.36 

Resources could potentially come at the expense of ac­
cess to other health care services of demonstrated ben­
efit. Although spending on state newborn-screening 
programs, including laboratory testing and follow-up, in 
the United States is relatively modest, totaling $120 mil­
lion in fiscal year 2001,27 this does not include most costs 
incurred by the health care system or the increase in 
spending from expanded screening panels. 

Informed policy decisions about which newborn-
screening tests are provided as a public health service 
require objective, multidisciplinary assessments of evi­
dence. An example is newborn screening for cystic fi­
brosis (CF), which had not been widely adopted because 
it was not clear that early detection could prevent irre­
versible and devastating harm.37,38 In November 2003, 
the Centers for Disease Control and Prevention (CDC) 
and the Cystic Fibrosis Foundation convened a work­
shop at which evidence was presented for a broader 
range of outcomes, including nutritional benefits, cog­
nitive benefits for children at nutritional risk, and re­
duction in diagnostic delays.39–41 A subsequent evidence 
review used a framework that emphasized patient-cen­
tered outcomes such as the avoidance of hospitaliza­
tions.42 The report concluded, “on the basis of evidence 
of moderate benefit and low risk of harm, the CDC 
believes that newborn screening for CF is justified.”34 

The report also noted that policy decisions must balance 
those benefits with scarce resources and other public 
priorities. 

The CF newborn-screening report also called atten­
tion to the value of minimizing the numbers of carriers 
detected. In the PKU newborn-screening model, cutoffs 
are set to maximize sensitivity to avoid missed cases and 
devastating harm. In the new paradigm, programs must 
balance the numbers of affected infants who might not 
be detected and infants who would have false-positive or 
ambiguous test results as well as the magnitude of harm, 
if any, occurring to those children and their families.43 

Potential harms from newborn screening include pa­
rental anxiety resulting from the labeling of children 
with mild or benign conditions, misunderstanding of 
carrier status, and unnecessary or even harmful thera­
pies administered to children who are incorrectly iden­
tified with a disease or to children with mild or asymp­
tomatic disease.26 A research priority under the new 
paradigm should be evaluation of the balance of risks 
and benefits for such disorders. For example, the impli­
cations of the identification of children with hemoglobin 
variants that are clinically benign or mild or that are 
severe but are either untreatable or do not benefit from 
earlier treatment have not been studied thoroughly. 
Careful assessments must also be made for other screen­
ing technologies such as MS/MS or DNA-based screen-
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ing that can reveal disorders or variants, the clinical 
implications of which may be poorly understood. 

Referral, diagnostic, and treatment systems as well as 
state health departments must be prepared to handle the 
numbers of children referred by screening. Referrals in­
clude unaffected children with positive screening results, 
some of whom will be identified as carriers of genetic 
diseases, and children with ambiguous clinical results. 
Large numbers of such children could overwhelm spe­
cialists and complicate addressing the needs of the fam­
ilies of affected children.44 Although some states ensure 
that children identified through newborn screening 
have equitable access to needed services, including di­
etary therapies, not all do. States should not mandate 
screening before a comprehensive program is in place to 
assure appropriate follow-up and treatment.35 

Once a policy decision is made to screen, the public 
health system should obtain data on short- and long-
term outcomes to evaluate the effectiveness of screening 
and interventions. Research in Wisconsin detected an 
unexpected harm from exposure of young children with 
CF lung infections, apparently as a result of exposure of 
asymptomatic infants to older children in a crowded 
waiting room.45 Other research on newborn screening 
for CF allayed concerns about psychosocial harms.46 Les­
sons learned from these pilot studies need to be applied 
to ensure that “more good than harm” results from 
newborn screening.47 Monitoring outcomes is particu­
larly crucial for disorders for which the expected mag­
nitude of benefit is modest. 

Finally, expansion of state newborn-screening panels 
should reopen the question of parental decision-making. 
Allowing for parental choices includes a spectrum of 
approaches, ranging from providing information about 
the opportunity to decline testing to requiring documen­
tation of permission.48 The 2000 National Newborn 
Screening Task Force recommended that parents be in­
formed and be able to refuse testing, but it concluded 
that documentation of permission is not warranted.1 A 
2001 report from the American Academy of Pediatrics 
Committee on Bioethics recommended that states re­
consider consent processes for newborn-screening 
tests.49 In addition to screening, parental permission may 
be required for inclusion of children in databases to track 
long-term outcomes or for the retention of dried-blood­
spot specimens for use in research.50 

At present, 48 states mandate newborn screening 
under the public health emergency rationale to mini­
mize the chance of missed cases and prevent death and 
disability.17 In states with voluntary screening programs 
(Wyoming, Maryland, and the District of Columbia), the 
vast majority of parents choose to have their infants 
screened. Although the majority of states (33 of 51) 
allow parents to opt out for religious reasons and some 
(13 of 51) allow parents to opt out for any reason, many 
do not inform parents of their right to opt out.27,51,52 

When the balance between benefits and risks is not as 
dramatic as it is for congenital hypothyroidism and PKU, 
the argument for consent becomes more compelling.43 

Different consent processes may be set up for such dis­
orders. For example, Massachusetts allows parents to 
decide on optional screening for CF and fatty acid oxi­
dation disorders (other than medium-chain acyl-coen­
zyme A dehydrogenase [MCAD] deficiency) after a dis­
cussion of the risks and benefits.28 

EVIDENCE-BASED ASSESSMENTS AND EXPANDED NEWBORN 
SCREENING 
Current proposals for a core newborn-screening panel32 

encompass certain disorders that may not meet tradi­
tional criteria for mandated screening. Although detec­
tion of a number of fatty acid oxidation and other dis­
orders screened through MS/MS may prevent mortality 
or disability, evidence is limited.31,53 Although screening 
decisions are often made on the basis of incomplete 
information,54 it is essential to conduct systematic evi­
dence-based assessments before screening decisions and 
to collect additional evidence after screening is imple­
mented. A systematic review of the epidemiologic and 
other scientific literature, such as Human Genome Epi­
demiology (HuGE) reviews,55 should be conducted to 
inform screening decisions and research priorities. 

Other disorders that experts have proposed as candi­
dates for newborn screening include severe combined 
immunodeficiency (SCID), fragile X syndrome, congen­
ital cytomegalovirus infection, lysosomal storage disor­
ders, and type 1 diabetes. Research to develop and assess 
reliable dried-blood-spot screening tests for these disor­
ders is under way. Pilot studies to evaluate health, de­
velopmental, and other outcomes also need to be con­
ducted. Screening for some of these disorders, notably 
SCID, is likely to meet the traditional criteria for man­
dated screening of preventing death during infancy on 
the basis of existing treatments.56 For other disorders 
such as Duchenne muscular dystrophy, fragile X syn­
drome, and type 1 diabetes, improved outcomes in early 
childhood may depend on the development of new ther­
apies. Also, alternatives to universal newborn screening 
such as providing screening as a clinical service later in 
infancy have advantages for parental decision-making 
and should be considered. 

Evidence-based reviews are needed to inform new­
born-screening policy decisions, including assessment of 
benefits of screening and interventions, risks and costs, 
policy development, and program evaluation.57 Reviews 
should be conducted at the national level and include 
experts from a range of disciplines.29 The CF evidence 
review sponsored by the CDC was conducted by a group 
of 7 experts, including clinicians with expertise in CF, 
epidemiologists, ethicists, a screening program director, 
and an economist.34 Although both evidence-based re­
views and expert opinion are valuable for informing 
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screening decisions, expert opinion should not substitute 
for independent, objective assessments of scientific evi­
dence conducted using standardized methods.58 In par­
ticular, although it is important to consult experts who 
are advocates of expanded screening, it is essential that 
an evaluative process be independent of conflicts of in­
terest. Credible evidence-based reviews can be invalu­
able in obtaining support from stakeholders for imple­
mentation of interventions of demonstrated effectiveness. 

We call for a process to be established at the national 
level that would provide ongoing objective assessments 
of both existing and proposed newborn-screening tests 
based on scientific evidence. This requires the develop­
ment of a research agenda to identify methods and study 
questions that would provide relevant evidence. An ex­
ample of a program that provides objective systematic 
reviews is the Evidence-Based Practice Centers program 
established by the Agency for Healthcare Research and 
Quality.59 Existing methods and criteria may be modified 
for the evaluation of screening and treatment for rare 
disorders, because randomized, controlled trials are 
rarely available. Such assessments must be interdiscipli­
nary and explicitly address considerations of epidemiol­
ogy, economics, and ethics. In addition, it is essential 
that organizations, whether public or private, that fund 
pilot screening studies should incorporate the same con­
siderations in their study designs to provide relevant 
evidence for decision-makers. It is not sufficient to dem­
onstrate the technical feasibility and validity of a screen­
ing test. 

CURRENT AND FUTURE CHALLENGES 
Deliberations to expand screening panels provide an 
opportunity to modify the model developed 4 decades 
ago for PKU. In particular, questions of voluntary 
screening and informed decision-making need to be re­
opened. Much greater change would be required if dis­
orders that manifest later in childhood were selected on 
the basis of a parent’s “right to know.” Surveys and focus 
groups suggest that many parents are supportive of 
screening infants for such disorders.8,60 On the other 
hand, there is a long-standing professional consensus to 
not test children for late-onset disorders.49,57,61 The ethi­
cal concerns are less serious for pediatric genetic disor­
ders than for adult-onset diseases such as hereditary 
hemochromatosis.62 Nonetheless, assessment of the ben­
efits to parents of reduction in diagnostic delays and 
knowledge of recurrence risks will need to be balanced 
against ethical concerns, resources, and priorities, and 
alternatives to state-sponsored newborn screening need 
to be considered. 

Newborn screening as a public health service needs to 
be supported by a broad social consensus. Stakeholders, 
including state-level policy makers, health care payers, 
hospitals, clinicians, parent groups, and the public, need 
to weigh in on the question of which disorders should be 

included in newborn-screening panels as well as the 
criteria used to decide on screening panels. Such a con­
sensus development process should be informed by ob­
jective evidence assessments and inclusive of ethical 
concerns.57 

Expansion of newborn screening, if it is considered to 
provide good value for the money (which is the meaning 
of cost-effectiveness),36 must be accompanied by the pro­
vision of adequate resources to ensure that good out­
comes result. Sources of funding need to be identified for 
each system component, including follow-up, diagnosis, 
treatment, and information systems for monitoring out­
comes.2,10 Education of parents and providers and ade­
quate reimbursement for genetic counseling and case 
management services are also needed if newborn 
screening is to live up to its promise. If newborn screen­
ing is worth doing, it is certainly worth doing well. 

ACKNOWLEDGMENTS 
We gratefully acknowledge the contributions of Steven 
M. Teutsch, MD, MPH, and Anne M. Comeau, PhD, in 
helping to focus the arguments in this article but absolve 
them of responsibility for any conclusions. 

REFERENCES 
1. Serving the family from birth to the medical home: a report 

from the Newborn Screening Task Force convened in Wash­
ington, DC, May 10–11, 1999. Pediatrics. 2000;106:383–427 

2. Therrell BL Jr. U.S. newborn screening policy dilemmas for the 
twenty-first century. Mol Genet Metab. 2001;74:64–74 

3. Levy HL, Albers S. Genetic screening of newborns. Annu Rev 
Genomics Hum Genet. 2000;1:139–177 

4. Comeau AM, Larson C, Eaton RB. Integration of new genetic 
diseases into statewide newborn screening: New England ex­
perience. Am J Med Genet C Semin Med Genet. 2004;125:35–41 

5. Rinaldo P, Tortorelli S, Matern D. Recent developments and 
new applications of tandem mass spectrometry in newborn 
screening. Curr Opin Pediatr. 2004;16:427–433 

6. National Newborn Screening and Genetics Resource Center. 
U.S. national screening status report. Available at: http:// 
genes-r-us.uthscsa.edu/nbsdisorders.pdf. Accessed December 
17, 2004 

7. American College of Medical Genetics. Newborn screening: 
toward a uniform screening panel and system—report for pub­
lic comment. Available at: http://mchb.hrsa.gov/screening. Ac­
cessed March 8, 2005 

8. Bailey DB Jr. Newborn screening for fragile X syndrome. Ment 
Retard Dev Disabil Res Rev. 2004;10:3–10 

9. Parsons EP, Clarke AJ, Bradley DM. Developmental progress in 
Duchenne muscular dystrophy: lessons for earlier detection. 
Eur J Paediatr Neurol. 2004;8:145–153 

10. Pass KA, Lane PA, Fernhoff PM, et al. U.S. newborn screening 
system guidelines II: follow-up of children, diagnosis, manage­
ment, and evaluation—statement of the Council of Regional 
Networks for Genetic Services (CORN). J Pediatr. 2000;137(4 
suppl):S1–S46 

11. Brownson RC, Baker EA, Leet TL, Gillespie KN. Evidence-Based 
Public Health. New York, NY: Oxford University Press; 2003 

12. Kohatsu ND, Robinson JG, Torner JC. Evidence-based public 
health: an evolving concept. Am J Prev Med. 2004;27:417–421 

13. Harris RP, Helfand M, Woolf SH, et al. Current methods of the 

PEDIATRICS Volume 117, Number 3, March 2006 927 
Downloaded from www.pediatrics.org at CDC-Center for Disease Control on December 6, 2006 

http://pediatrics.aappublications.org


US Preventive Services Task Force: a review of the process. 
Am J Prev Med. 2001;20(3 suppl):21–35 

14. Briss PA, Brownson RC, Fielding JE, Zaza S. Developing and 
using the Guide to Community Preventive Services: lessons 
learned about evidence-based public health. Annu Rev Public 
Health. 2004;25:281–302 

15. Waisbren SE, Mahon BE, Schnell RR, Levy HL. Predictors of 
intelligence quotient and intelligence quotient change in per­
sons treated for phenylketonuria early in life. Pediatrics. 1987; 
79:351–355 

16. National Research Council. Committee for the Study of Inborn 
Errors of Metabolism. Genetic Screening: Programs, Principles, and 
Research. Washington, DC: National Academy of Sciences; 1975 

17. Clayton EW. What should be the role of public health in 
newborn screening and prenatal diagnosis? Am J Prev Med. 
1999;16:111–115 

18. Cunningham GC. Two years of PKU testing in California: the 
role of the laboratory. Calif Med. 1969;110:11–16 

19. US	 Congress, Office of Technology Assessment. Healthy 
Children: Investing in the Future. Washington, DC: US Govern­
ment Printing Office; 1988 

20. Hodes RM. Testing newborns for adenosine deaminase defi­
ciency not cost effective. N Engl J Med. 1981;305:1530 

21. Wall M, Moe E, Eisenberg J, Powers M, Buist N, Buist AS. 
Long-term follow-up of a cohort of children with alpha-1­
antitrypsin deficiency. J Pediatr. 1990;116:248–251 

22. Consensus Development Conference. Newborn screening for 
sickle cell disease and other hemoglobinopathies. JAMA. 1987; 
258:1205–1209 

23. Olney RS. Preventing morbidity and mortality from sickle cell 
disease: a public health perspective. Am J Prev Med. 1999;16: 
116–121 

24. Gaston HH, Verter JJ, Wood G, et al. Prophylaxis with oral 
penicillin in children with sickle cell anemia. N Engl J Med. 
1986;314:1593–1599 

25. Wilson JMG, Jungner G. Principles of Screening for Disease. Ge­
neva, Switzerland: World Health Organization; 1968 

26. Andrews LB, Fullarton JE, Holtzman NA, Motulsky AG, eds. 
Assessing Genetic Risks: Implications for Health and Social Policy. 
Washington, DC: National Academy of Sciences; 1994 

27. US General Accounting Office. Newborn Screening: Characteristics 
of State Programs. Washington, DC: Government Printing 
Office; March 2003. Document GAO-03-449. Available at: 
www.gao.gov/new.items/d03449.pdf. Accessed December 17, 
2004 

28. Atkinson K, Zuckerman B, Sharfstein JM, Levin D, Blatt RJ, 
Koh HK. A public health response to emerging technology: 
expansion of the Massachusetts newborn screening program. 
Public Health Rep. 2001;116:122–131 

29. Grosse S, Gwinn M. Assisting states in assessing newborn 
screening options. Public Health Rep. 2001;116:169–172 

30. US Preventive Services Task Force. Guide to Clinical Preventive 
Services. 2nd ed. Baltimore, MD: Williams & Wilkins; 1996 

31. Pandor A, Eastham J, Beverley C, Chilcott J, Paisley S. Clinical 
effectiveness and cost-effectiveness of neonatal screening for 
inborn errors of metabolism using tandem mass spectrometry: 
a systematic review. Health Technol Assess. 2004;8(12):1–121 

32. Advisory Committee on Heritable Disorders and Genetic Dis­
eases in Newborns and Children: minutes of second meeting— 
Washington, DC, September 22–23, 2004. Available at: http:// 
mchb.hrsa.gov/programs/genetics/committee/ 
2ndmeeting.htm. Accessed December 17, 2004 

33. Save Babies Through Screening Foundation, Inc. Steps to get 
supplemental screening. Available at: www.savebabies.org/ 
NBS/snbs.php. Accessed December 17, 2004 

34. Grosse SD, Boyle CA, Botkin JR, et al. Newborn screening for 
cystic fibrosis: evaluation of benefits and risks and recommen­

dations for state newborn screening programs. MMWR Recomm 
Rep. 2004;53(RR-13):1–36 

35. Baily MA. Final Report: Fairness in the Distribution of Costs and 
Benefits in Newborn Screening Programs. HRSA contract 01­
MCHB-70A with the Hastings Center, Garrison, NY: February, 
2003 

36. Grosse SD. Does newborn screening save money? The differ­
ence between cost-effective and cost-saving interventions. J Pe­
diatr. 146:168–170 

37. Holtzman NA. Routine screening of newborns for cystic 
fibrosis: not yet. Pediatrics. 1984;73:98–99 

38. Centers for Disease Control and Prevention. Newborn screen­
ing for cystic fibrosis: a paradigm for public health genetics 
policy development: proceedings of a 1997 workshop. MMWR 
Recomm Rep. 1997;46(RR-16):1–24 

39. Farrell PM, Kosorok MR, Rock MJ, et al. Early diagnosis of 
cystic fibrosis through neonatal screening prevents severe mal­
nutrition and improves long-term growth. Wisconsin Cystic 
Fibrosis Neonatal Screening Study Group. Pediatrics. 2001;107: 
1–13 

40. Koscik RL, Farrell PM, Kosorok MR, et al. Cognitive function of 
children with cystic fibrosis: deleterious effect of early malnu­
trition. Pediatrics. 2004;113:1549–1558 

41. Accurso FJ, Sontag MS, Wagener JS. Complications associated 
with symptomatic diagnosis in infants with cystic fibrosis. J Pe­
diatr. 2005;147(3 suppl):S37–S41 

42. Ebell MH, Siwek J, Weiss BD, et al. Strength of recommenda­
tion taxonomy (SORT): a patient-centered approach to grading 
evidence in the medical literature. J Am Board Fam Pract. 2004; 
17:59–67 

43. Wilfond BS, Gollust SE. Policy issues for expanding newborn 
screening programs: the cystic fibrosis newborn screening ex­
perience in the United States. J Pediatr. 2005;146:668–674 

44. Comeau AM, Parad R, Gerstle R, et al. Challenges in imple­
menting a successful newborn cystic fibrosis screening pro­
gram. J Pediatr. 2005;147(3 suppl):S89–S93 

45. Kosorok MR, Jalaluddin M, Farrell PM, et al. Comprehensive 
analysis of risk factors for acquisition of Pseudomonas aeruginosa 
in young children with cystic fibrosis. Pediatr Pulmonol. 1998; 
26:81–88 

46. Mischler EH, Wilfond BS, Fost N, et al. Cystic fibrosis newborn 
screening: impact on reproductive behavior and implications 
for genetic counseling. Pediatrics. 1998;102:44–52 

47. Farrell MH, Farrell PM. Newborn screening for cystic fibrosis: 
ensuring more good than harm. J Pediatr. 2003;143:707–712 

48. Wilfond BS, Parad RB, Fost N. Balancing benefits and risks for 
cystic fibrosis newborn screening: implications for policy deci­
sions. J Pediatr. 2005;147(3 suppl):S109–S113 

49. American Academy of Pediatrics, Committee	 on Bioethics. 
Ethical issues with genetic testing in pediatrics. Pediatrics. 2001; 
107:1451–1455 

50. Pelias MK, Markward NJ. Newborn screening, informed con­
sent, and future use of archived tissue samples. Genet Test. 
2001;5:179–185 

51. Mandl KD, Feit S, Larson C, Kohane IS. Newborn screening 
program practices in the United States: notification, research, 
and consent. Pediatrics. 2002;109:269–273 

52. Fant KE, Clark SJ, Kemper AR. Completeness and complexity 
of information available to parents from newborn-screening 
programs. Pediatrics. 2005;115:1268–1272 

53. Leonard JV, Dezateux C. Screening for inherited metabolic 
disease in newborn infants using tandem mass spectrometry. 
BMJ. 2002;324:4–5 

54. Cunningham G. The science and politics of screening new­
borns. N Engl J Med. 2002;346:1084–1085 

55. Khoury MJ, Little J. Human genome epidemiologic reviews: 

928 GROSSE, et al 
Downloaded from www.pediatrics.org at CDC-Center for Disease Control on December 6, 2006 

http://pediatrics.aappublications.org


the beginning of something HuGE. Am J Epidemiol. 2000;151: 
2–3 

56. Lindegren ML, Kobrynski L, Rasmussen SA, et al. Applying 
public health strategies to primary immunodeficiency diseases: 
a potential approach to genetic disorders. MMWR Recomm Rep. 
2004;53(RR-1):1–29 

57. Burke W, Coughlin SS, Lee NC, Weed DL, Khoury MJ. Appli­
cation of population screening principles to genetic screening 
for adult-onset conditions. Genet Test. 2001;5:201–211 

58. Wilfond BS, Nolan K. National policy development for the 
clinical application of genetic diagnostic technologies: lessons 
from cystic fibrosis. JAMA. 1993;270:2948–2954 

59. Agency for Healthcare Research and Quality. Evidence-based 
practice centers overview. September, 2004. Available at: 
www.ahrq.gov/clinic/epc. Accessed January 10, 2005 

60. Campbell E, Ross LF. Parental attitudes regarding newborn 
screening of PKU and DMD. Am J Med Genet A. 2003;120: 
209–214 

61. American Society of Human Genetics, American College of 
Medical Genetics. Points to consider: ethical, legal, and psy­
chosocial implications of genetic testing in children and ado­
lescents. Am J Hum Genet. 1995;57:1233–1441 

62. Ross LF. Predictive genetic testing for conditions that present in 
childhood. Kennedy Inst Ethics J. 2002;12:225–244 

OSELTAMIVIR RESISTANCE: DISABLING OUR INFLUENZA DEFENSES 

“As the potential for an influenza pandemic has galvanized the medical 
community and the public into action, physicians and patients alike have 
been heartened by the availability of effective antiviral drugs. The neuramin­
idase inhibitors provide valuable defenses against pandemic and seasonal 
influenza, and physicians have been flooded with requests from patients for 
personal supplies of oseltamivir (Tamiflu). A benefit of having oseltamivir at 
home is that the sooner the drug is taken after the onset of symptoms, the 
better its clinical efficacy. And certainly, enabling ill people to stay home and 
out of waiting rooms and pharmacies should limit the spread of influenza. So 
it is not surprising that many believe there should be a supply of oseltamivir 
in every medicine cabinet. This scenario, however, is potentially dangerous. 
. . . [P]ersonal stockpiling of oseltamivir is likely to lead to the use of insuf­
ficient doses or inadequate courses of therapy. Shortages during a pandemic 
would inspire sharing of personal supplies, resulting in inadequate treatment. 
Such undertreatment is of particular concern in children—the main source 
for the dissemination of influenza within the community, since they usually 
have higher viral loads than adults and excrete infectious virus for longer 
periods. The habit of stopping treatment prematurely when symptoms re­
solve (a well-established tendency with antibiotic therapy) could also lead to 
suboptimal treatment of influenza and promote the development of drug 
resistance. . . . Improper use of personal stockpiles of oseltamivir may pro­
mote resistance, thereby lessening the usefulness of our frontline defense 
against influenza, and should be strongly discouraged.” 

Moscona A. N Engl J Med. 353;25:2633–2635 
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