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I. Newborn Screening

General
A report from the Newborn Screening Task Force convened in Washington DC, May 10-11, 1999. Serving the family from birth to the medical home.  Pediatrics.  106(2 Pt 2):383-427, 2000 Aug.

    Comment in: Pediatrics. 2000 Sep;106(3):595

Ades AE.  Walker J.  Jones R.  Smith I.  Coverage of neonatal screening: failure of coverage or failure of information system.  Archives of Disease in Childhood.  84(6):476-9, 2001 Jun.

     Abstract:  OBJECTIVES: To evaluate neonatal screening coverage using data routinely collected on the laboratory computer. SUBJECTS: 90 850 births in 14 North East Thames community provider districts over a 21 month period. METHODS: Births notified to local child health computers are electronically copied to the neonatal laboratory computer system, and incoming Guthrie cards are matched against these birth records before testing. The computer records for the study period were processed to estimate the coverage of the screening programme. RESULTS: Out of an estimated 90 850 births notified to child health computers, all but 746 (0.82%) appeared to have been screened or could be otherwise accounted for (0.14% in non-metropolitan districts, 0.39% in suburban districts, and 1.68% in inner city districts). A further 893 resident infants had been tested, but could not be matched to the list of notified resident births. The calculated programme coverage already exceeds the 99.5% National Audit Programme standard in 7/14 districts. Elsewhere it is not clear whether it is coverage or recording of coverage that is low. CONCLUSION: Previous reports of low coverage may have been exaggerated. High coverage can be shown using routine information systems. Design of information systems that deliver accurate measures of coverage would be more useful than comparison of inadequately measured coverage with a national standard. The new NHS number project will create an opportunity to achieve this.

Allen DB, Farrell PM. Newborn screening: principles and practice. Adv Pediatr. 1996; 43:231-270.

American Academy of Pediatrics, Committee on Genetics.  Issues in newborn screening. Pediatrics 1992; 89:345-349.

     Comment in: Pediatrics 1992 Jul;90(1 Pt 1):129-31

American Academy of Pediatrics, Committee on Genetics.  Newborn screening fact sheets. Pediatrics 1996; 98:473-501. 

Anonymous.  Routine examination of the newborn. Position statement of the Fetus and Newborn Committee of the Paediatric Society of New Zealand.  New Zealand Medical Journal.  113(1116):361-3, 2000 Aug 25.

Clayton EW. Issues in state newborn screening programs. Pediatrics 1992;90:641-646.

     Comment in: Pediatrics 1993 Apr;91(4):853

Ciske JB.  Hoffman G.  Hanson K.  Annable KM.  Wolff J.  Litsheim T.  Laessig R.  Aronson R.

Newborn screening in Wisconsin: program overview and test addition.  Wisconsin Medical Journal.  99(2):38-42, 2000 Apr.

     Abstract:  The prevention of congenital anomalies and their sequelae is an important public health objective. One strategy for preventing morbidity and mortality due to congenital disorders is Wisconsin's Newborn Screening Program. Wisconsin has been a national leader in newborn screening since its inception with phenylketonuria screening in 1966. Wisconsin's program is a collaborative effort of the State Maternal and Child Health Program, housed within the Division of Public Health of the Department of Health and Family Services; the State Laboratory of Hygiene; physicians and other health professionals; and families. After in-depth consideration, the Department recently approved the addition of 14 fatty acid oxidation disorders and organic acidemias. This paper provides an overview of the Newborn Screening Program and introduces the disorders that Wisconsin added to the newborn screening panel in April 2000. Technologic advances have provided Wisconsin with yet another tool to improve the health of its citizens and prevent significant morbidity and mortality.

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

Coody D, Yetman RJ, Montgomery D, van Eys J. Early hospital discharge and the timing of newborn metabolic screening. Clin Pediatr (Phila) 1993; 32:463-466.

     Abstract: Cost containment measures have reduced dramatically the length of stay for normal newborns, in some cases jeopardizing the ability to obtain appropriate newborn screens. In our hospital, we found that an unacceptable number of patients had mistakenly been screened before 24 hours of age. As pressures to shorten hospitalization increase, healthcare providers must examine the impact of such changes on their ability to obtain adequate newborn screens. Potential solutions include continued vigilance in gathering specimens after 24 hours of age, interpretation of time-sensitive tests in an age adjusted manner, and repeating newborn screens after 24 hours of age

Comeau, A. M. and R. B. Eaton (2002). "Successes of newborn screening programs." Science 295(5552): 44-5.
Council on Regional Networks for Genetic Services (CORN). Guidelines for a Newborn Screening System: Follow-up of Children, Diagnosis, Management, and Evaluation. 1999. Draft. 

Council on Regional Networks for Genetic Services (CORN). Newborn Screening 1996: An Overview of Newborn Screening Programs in the United States, Canada, Puerto Rico, and the Virgin Islands. Edited by J. R. Lumpkin. Springfield, IL: 1996. 

Council on Regional Networks for Genetic Services (CORN). Newborn Screening Report: 1990 (Final report). 1992.

Davidson A, Eckman J, Hannon WH, Henson MA, Hillard M, Kling S et al. U.S. newborn screening system guidelines: statement of the council of regional networks for genetic services. Screening 1992; 1:135-147.

Doyle DL, Sanderson M, Bentvelzen J, Fineman RM. Factors which influence the rate of receiving a routine second newborn screening test in Washington State. Am J Med Genet 1995; 59:417-420.

     Abstract: This study was conducted to determine whether newborns from different ethnic and

socioeconomic groups in Washington State are equally likely to have a routine second  newborn screening (NBS) test and if there are identifiable factors associated with not having a second test. For many years, the standard of care for NBS in Washington has been that newborns should receive a routine second screening test at age 7-10 days.  However, data collected by State Department of Health (DOH) staff for the past several years indicated that only about 80% of newborns receive a routine second NBS test. The data presented here suggest that identifiable factors (i.e., barriers) exist in accessing a routine second NBS test in Washington. Increased educational efforts targeting certain high risk infants, their  parent/caretakers, and primary care providers are apparently needed to ensure equal access to a routine second test 

     Comment in: Am J Med Genet 1996 Dec 18;66(3):361-2

Earls F. Positive effects of prenatal and early childhood interventions. JAMA 1998; 280:1271-1273.

     Comment on: JAMA 1998 Oct 14;280(14):1238-44

Elliman, D. A., C. Dezateux, et al. (2002). "Newborn and childhood screening programmes: criteria, evidence, and current policy." Arch Dis Child 87(1): 6-9

Feldman MK. Genetic screening: not just another blood test. Minn Med 1996; 79(10):14-20.

Fineman RM, Glass MW, Neier SS. Increased rate of routine second newborn screen in Washington state. Am J Med Genet 1996; 66:361-362.

     Comment on: Am J Med Genet 1995 Dec 4;59(4):417-20

Forsberg SA. Infant metabolic screening: a total quality management approach. J Obstet Gynecol Neonatal Nurs 1997; 26:257-261.

     Abstract: The principles of total quality management (TQM) were used to improve the infant metabolic screening program in a large urban hospital. Three quality indicators needed improvement; unsatisfactory specimen quality, delayed delivery to the state laboratory for testing, and specimen slips missing the date of collection. A multidisciplinary team identified the root causes of the poor quality and implemented remedies. Dramatic improvement in three infant screening indicators occurred within a 4-month period. Evaluation of the three indicators continued for the following 3-year period. Quality improvement programs that involve a multidisciplinary approach benefit the patient and staff and may reduce costs

Franke J.  Scrutinizing screening. Are we doing all we can for our newborns?  Texas Medicine.  96(12):24-9, 2000 Dec.

Ganiats TG. Justifying prenatal screening and genetic amniocentesis programs by cost-effectiveness analyses: a re-evaluation. Med Decis Making 1996; 16:45-50.

     Abstract: A strength of cost-effectiveness analysis is the presentation of all relevant clinical options, variables, and outcomes and the placement of values on the outcomes. Despite success in many fields of health policy, cost-effectiveness analysts have failed to provide a complete evaluation of prenatal screening and genetic amniocentesis programs.  Specifically, all published cost-effectiveness analyses of these programs at best only partially acknowledge the potential life of the aborted fetus. These incomplete evaluations not only violate some basic principles of cost-effectiveness analysis, they also produce conclusions that may be misleading.  Ultimately, society must answer two basic questions regarding the use of cost-effectiveness to justify prenatal screening programs: Is cost-effectiveness analysis an appropriate tool for the evaluation of these programs? If so, then what are the outcomes of interest? This paper first shows that the current literature does not present a complete evaluation of these programs. The ramifications of this incomplete evaluation are presented from several perspectives.  Finally, given the problems associated with the use of cost-effectiveness analysis, the article suggests that cost- effectiveness analysis is not yet an appropriate tool to justify prenatal screening or genetic amniocentesis programs 

Goodwin, G., M. E. Msall, et al. (2002). "Newborn screening: an overview with an update on recent advances." Curr Probl Pediatr Adolesc Health Care 32(5): 144-72.

Gray JA. The first report of the National Screening Committee [editorial]. J Med Screen 1998; 5(4):169.

Green A. Neonatal screening: current trends and quality control in the United Kingdom. Rinsho Byori 1998; 46:211-216.

     Abstract: Neonatal screening for phenylketonuria (PKU) and congenital hypothyroidism (CHT) is universal across the UK using heel prick blood collected at 6-14 days of age. Additional programmes for sickle cell disorders, cystic fibrosis, Duchenne muscular dystrophy and galactosaemia are provided in some areas. The number of inherited metabolic disorders (IMDs) has greatly increased since the introduction of PKU screening, and there have been major advances in treatment, e.g. organ transplantation, drug therapy. Recent developments in technology have expanded the possibilities for screening using the heel prick blood specimen, particularly the application of tandem mass spectrometry. There is a case for introducing tandem mass spectrometry, limited to clearly defined diseases where specificity is adequate and there are satisfactory diagnostic tests. Any change in newborn screening to a much broader group of disorders must be carefully introduced and monitored preferably as a pilot study. A key component of a laboratory screening service is quality control. There are well established UK programmes for PKU and CHT. Consideration of the needs for other disorders is now an important priority 

Green A, Pollitt RJ. Population newborn screening for inherited metabolic disease: current UK perspectives. J Inherit Metab Dis 1999; 22:572-579.

     Abstract: Some of the generally accepted criteria for screening programmes are inappropriate for newborn metabolic screening as they ignore the family dimension and the importance of timely genetic information. Uncritical application of such criteria creates special difficulties for screening by tandem mass spectrometry, which can detect a range diseases with widely different natural histories and responsiveness to treatment. Further difficulties arise from increasing demands for direct proof of the effects of screening on long-term morbidity and mortality. The randomized controlled trial is held to be the gold standard, but for ethical and practical reasons it will be impossible to achieve for such relatively rare diseases. This approach also oversimplifies the complex matrix of costs and benefits of newborn metabolic screening. A more workable approach could involve Bayesian synthesis, combining quantitative performance data from carefully designed prospective pilot studies of screening with existing experience of the natural history, diagnosis, and management of the individual disorders concerned 

Grosse, S. and M. Gwinn (2001). "Assisting states in assessing newborn screening options." Public Health Rep 116(2): 169-72.

Holtzman NA. Genetic screening and public health. Am J Public Health 1997;87(8):1275-1277.

     Comment on: Am J Public Health 1997 Aug;87(8):1280-8

Holtzman NA.  Is public health ready for genetics? [letter; comment].  Archives of Pediatrics & Adolescent Medicine.  155(2):117-8, 2001 Feb.

     Comment on: Arch Pediatr Adolesc Med. 2001 Feb;155(2):120-6

Holtzman NA. What drives neonatal screening programs? N Engl J Med 1991; 325:802-804.

     Comment on: N Engl J Med 1991 Sep 21;325(11):769-74

     Comment in:  N Engl J Med 1992 Feb 13;326(7):494-5

Holtzman NA, Watson MS, eds. Promoting Safe and Effective Genetic Testing in the United States: Final Report of the Task Force on Genetic Testing. Bethesda, MD: National Institutes of Health; 1997. 

Kaback MM. Perspectives in genetic screening. Principles and implications. Int J Technol Assess Health Care 1994; 10(4):592-603.

     Abstract: Recent advances in genetic identification and characterization of a number or hereditary disorders have led to increased possibilities for genetic testing and screening. The context and methods of screening are important given that identification of otherwise healthy persons as being presymptomatic or at increased risk for genetic diseases may have serious consequences for their future lifestyle, employment, and insurability. This article examines general principles for genetic screening, including goals, delivery issues, and professional and lay responses to screening and counseling, and recommends areas in which social psychological research on screening is needed

Kenner C.  Dreyer LA.  Prenatal and neonatal testing and screening: a double-edged sword. [Review]  Nursing Clinics of North America.  35(3):627-42, 2000 Sep.

     Abstract:  This article describes some of the more commonly requested prenatal and neonatal screenings and diagnostic tests. Additionally, it outlines the incidence and etiology of specific conditions followed by treatment and counseling options. Finally, issues regarding the ethics involved in testing are discussed. Practical recommendations and responsibilities for the nurse are interwoven throughout the article. [References: 37]

Kling S, Nash C, Jones D. Newborn screening in the 80's--the automation of follow-up. J Med Syst 1988; 12:89-96.

     Abstract: The Genetic Diseases Program of the Illinois Department of Public Health has completed the requirements for automation of its newborn screening follow-up services. The integration of two databases containing laboratory and follow-up elements allows the system to: (1) process on-line information about both normal and abnormal results on every baby screened in Illinois, (2) recall data previously entered and add follow-up criteria, (3) generate form letters, (4) track treatment and developmental progress of confirmed clients, (5) maintain permanent demographic registries, (6) transfer records to microfiche, and (7) generate reports for statistical analysis. The intent of this paper is to describe each of the above capabilities and demonstrate how automation has enhanced the follow-up component of newborn screening

Korson MS.  Advances in newborn screening for metabolic disorders: what the pediatrician needs to know.  Pediatric Annals.  29(5):294-301, 2000 May.

Kunk RM. Expanding the newborn screen: terrific or troubling? MCN Am J Matern Child Nurs 1998; 23:266-271.

     Abstract: Amid controversy about cost-benefit ratios and ethical issues of discrimination and presumed consent, individual U.S. states are on the verge of expanding the newborn screen. The success of population-based newborn screening for genetic and metabolic disorders has been called the miracle of our times. Rapid scientific growth in genetic mapping and laboratory testing has resulted in increased genetic testing in the adult population as well. Caution must be exercised, however, before mass population testing of newborns is considered.  Proposed testing for treatable but incurable conditions such as cystic fibrosis and human immunodeficiency virus (HIV) remains controversial.  Health professionals must meet the challenge of educating themselves and others in order to advocate for children and families. Their efforts should extend to the legislative arena where decisions to amend the newborn screen are made. Nurses, genetic counselors, and other health professionals are in key positions to conduct research in this area to expand knowledge about the implications of genetic testing for the families they serve

Kwon C.  Farrell PM.  The magnitude and challenge of false-positive newborn screening test results.

Archives of Pediatrics & Adolescent Medicine.  154(7):714-8, 2000 Jul.

     Abstract:  OBJECTIVES: This study examined for the first time to our knowledge the national data available from newborn screening programs in the United States and determined the salient characteristics of various screening tests for 3 hereditary metabolic disorders and 2 congenital endocrinopathies with emphasis on positive predictive values (PPVs) to delineate the magnitude of false-positive results. METHODS: Reports published by the Council of Regional Networks for Genetic Services for 1990 through 1994 were examined carefully, paying particular attention to phenylketonuria, galactosemia, biotinidase deficiency, congenital hypothyroidism, and congenital adrenal hyperplasia (CAH). Because of recent improvements in data collecting, reporting, and tabulating, we used data from 1993 and 1994 to determine the apparent sensitivity, specificity, relative incidence rates, and PPVs for the 5 disorders. For biotinidase deficiency and CAH, we also calculated relative incidence rates and PPVs for 1991 and 1992. RESULTS: Our analyses revealed the following best estimates for the relative incidence rates of 5 disorders: phenylketonuria, 1:14,000; galactosemia, 1:59,000; biotinidase deficiency, 1:80,000; congenital hypothyroidism, 1:3,300; and CAH, 1:20,000. An apparent sensitivity of 100% has been reported by the various states for most of the disorders, and specificity levels are all above 99%. The PPVs, however, range from 0.5% to 6.0%. Consequently, on average, there are more than 50 false-positive results for every true-positive result identified through newborn screening in the United States. CONCLUSIONS: The magnitude of false-positive results generated in newborn screening programs, particularly for congenital endocrinopathies, presents a great challenge for future improvement of this important public health program. Attention must be given to improved laboratory tests, use of more specific markers, and better risk communication for families of patients with false-positive test results.

Larsson A. Neonatal screening for metabolic and endocrine disorders. Ups J Med Sci Suppl 1987; 44:231-236.

     Abstract: The impact of metabolic diseases (inborn errors of metabolism) and endocrine disorders in pediatrics has markedly increased during the last few decades. Critical periods in the development of the central nervous system need special attention in children with these disorders. Early diagnosis and treatment are important in order to prevent mental retardation and serious handicaps in some of these patients. Certain patients with metabolic and endocrine disorders lack early clinical symptoms or have so non-specific signs that permanent neurological handicaps are present when the patients are finally diagnosed. One way to identify these patients is by means of mass screening. A blood sample is then collected from every newborn infant and analyzed for abnormal levels of metabolites or hormones. It is possible to detect at least thirty different disorders in this way. In most European countries screening programmes involve phenylketonuria (PKU) and congenital hypothyroidism. The prognosis for these patients has improved dramatically after the introduction of screening. The Swedish neonatal metabolic screening programme was started in 1965 by screening for PKU. Subsequently, screening for galactosemia and congenital hypothyroidism was added. The result of the screening programme 1965- 1985 is as follows: (table; see text) The main benefit of early detection and treatment of children with PKU, congenital hypothyroidism and galactosemia is the prevention of mental retardation and other handicaps. Recently nationwide pilot screening for congenital adrenal hyperplasia (adrenogenital syndrome) was started 

Levy H. Newborn screening perspective. Yale J Biol Med 1991; 64:17-18. 

Levy HL, Cornier AS. Current approaches to genetic metabolic screening in newborns. Curr Opin Pediatr. 1994; 6:707-711.

     Abstract: Genetic metabolic screening in newborn infants includes both specific testing for clinical indications in sick neonates and routine newborn screening. The decision of which sick neonates should have metabolic testing is based on the clinical phenotype and the results of general laboratory analyses, with particular attention to hypoglycemia, metabolic acidosis, and hyperammonemia. Metabolic tests include analyses for amino acids and organic acids and a carnitine profile. Routine newborn screening should be performed on all neonates prior to hospital discharge but no later than the 3rd day of life. The disorders covered by newborn screening vary among the states and among countries but virtually always include phenylketonuria and congenital hypothyroidism and often include sickle cell disease and galactosemia. Other metabolic disorders that may be included in newborn screening are maple syrup urine disease, homocystinuria, biotinidase deficiency, and congenital adrenal hyperplasia 

Lindner R. What drives neonatal screening programs? [letter; comment]. N Engl J Med 1992;

326(7):494-495.

     Comment on: N Engl J Med 1991 Sep 12;325(11):802-4

Lloyd-Puryear, M. A. and I. Forsman (2002). "Newborn screening and genetic testing." J Obstet Gynecol Neonatal Nurs 31(2): 200-7.


Mandated newborn screening programs for genetic and other congenital conditions for the some 4 million infants born in the United States each year have seen dramatic changes over the past decade. With the mapping of the human genome and other advances in science and technology, there will be continued challenges to and changes in these programs. Nurses who care for infants and their families should be knowledgeable about those changes to correctly transmit information to families and to participate in determining policy for newborn screening practices.

Mandl, K. D., S. Feit, et al. (2002). "Newborn screening program practices in the United States: notification, research, and consent." Pediatrics 109(2): 269-73.


OBJECTIVE: To define current practice among US newborn screening programs for notification of results, research, and consenting procedures. METHODS: A telephone survey of all US newborn screening program supervisors. RESULTS: All 51 programs participated. All states reported abnormal results to the infant's physician, and some also reported to the hospital and parents. Cases with abnormal results were tracked to different endpoints but usually (92.1%) at least until a follow-up appointment was made. A total of 66.6% of programs can communicate with programs in other states; 9.8% enable families to suppress reporting of results to the infant's physician. No state has a mechanism for parents to prevent results from entering the medical record. Parents or physicians who request results are often authenticated by providing their name (52.9%). Many programs (45.1%) report only to physicians and require just their name (43.5%), an identification number (17.4%), a letter (26.1%), or a parent's signature (26.1%). A total of 70.6% retain residual blood samples; of these, only 8.3% store them completely devoid of patient identifiers. A total of 49.0% of programs aggregate data for research. In 16.0% of these, the data are publicly available. In 24.0%, researchers obtain approval at their own institution; in 24.0%, researchers obtain approval through the state laboratory Institutional Review Board. In 74.5% of programs, parents are notified but not asked for consent before collection of the sample; 19.6% neither notify parents nor obtain consent before screening. CONCLUSIONS: There is wide variation in practice among the US newborn screening programs. Because the programs collectively manage a comprehensive nationwide genomic databank, careful consideration of how information technology and high-throughput genomic analysis are used will be essential to allow progress in clinical care, public health, and research while protecting individual privacy.

McCabe ERB. Principles of newborn screening for metabolic disease. Perinatol Neonatol 1982; 6:63-73. 

     Abstract:  Routine screening of newborns for selected metabolic diseases, followed by diagnostic testing, allows initiation of a specific management regimen before irreparable damage can occur.  While the individual diseases are rare, a comprehensive screening battery may be expected to identify an affected newborn in every 900 to 3,000 life births.  An appropriately structured newborn screening program will conserve health care dollars.  

McCabe, L. L. and E. R. McCabe (2002). "Newborn screening as a model for population screening." Mol Genet Metab 75(4): 299-307.

Meaney FJ. Computerized tracking for newborn screening and follow-up: a review. J Med Syst 1988; 12:69-75.

     Abstract: In the third decade of newborn screening for phenylketonuria (PKU) and other disorders computers are being used increasingly for both the laboratory and the follow-up aspects of screening programs. In 1984 slightly less than 40% of the state programs had automated follow-up. Lack of funding is probably the major inhibitor of more widespread use of computers in tracking newborns through the newborn screening process. It is suggested that federal funds be made available to ensure wider distribution of currently used tracking systems and development of methods for tracking newborns from birth through follow-up

Mitka M.  Neonatal screening varies by state of birth.  JAMA.  284(16):2044-6, 2000 Oct 25.

Mordaunt VL, Cunningham GC, Kan K. Computer assisted management of a regionalized newborn screening program. J Med Syst 1988; 12:77-88.

     Abstract: Through the use of an on-line computer system, the regionalized newborn screening program in California has been able to provide overall management, tracking of cases requiring follow-up, laboratory quality control, revenue collection, and the monitoring of program functionality. In addition, the system acts as a tool for research and epidemiological studies

Morris AA.  Neonatal screening for inborn errors of metabolism.  Indian Pediatrics.  37(12):1303-6, 2000 Dec.

Motulsky AG. Screening for genetic diseases. N Engl J Med 1997; 336:1314-1316.

     Comment on: N Engl J Med 1997 May 1;336(18):1298-301

     Comment in: N Engl J Med 1997 Aug 28;337(9):639-40

National Academy of Sciences. Genetic Screening: Programs, Principles and Research. Washington, DC: 1975.

National Research Council CftSoIEoM. Genetic Screening: Programs, Principles and Research. Washington, DC: National Academy Press, 1975.

Natowicz MR, Alper JS. Genetic screening: triumphs, problems, and controversies. J Public

Health Policy 1991; 12:475-491. 

     Abstract: As genetic screening becomes more widespread, it becomes increasingly important to analyze the manifold implications of genetic screening programs. This paper characterizes the various types of programs and discusses some of the scientific, ethical, social, and economic issues that arise in evaluating any genetic screening program.  Two examples of successful programs, newborn screening for phenylketonuria and carrier detection for Tay-Sachs disease, are presented. We then discuss three other screening programs that have not yet been fully implemented but which have already engendered a great deal of controversy: mass screening for heterozygosity for cystic fibrosis, DNA fingerprinting in the criminal justice system, and genetic screening in the workplace 

Office of Women's and Children's Health. Newborn Screening Programs Guidelines. 1997. Arizona, Arizona Department of Health Services. 

Pass KA, Lane PA, Fernhoff PM, Hinton CF, Panny SR, et al.  US newborn screening system guidelines II:  follow-up of children, diagnosis, management, and evaluation.  Statement of the Council of Regional Networks for Genetic Services (CORN).  Journal of Pediatrics.  137(4 Suppl):S1-46, 2000 Oct.

Seashore MR.  Genetic screening and the pediatrician.  Pediatric Annals.  29(5):272-6, 2000 May.

Sepe SJ, Marks JS, Oakley GP, Manley AF.  Genetic services in the United States.  JAMA 1982;248(14):1733-5.

     Abstract:  In fiscal years 1979 and 1980, the Gentic Diseases Service Branch of the Health Services Administration funded 34 state genetic service programs in the United States through monies from the National Genetic Diseases Act (PL 94-278) of 1976.  During the two-year period, 131,818 at-risk individuals were provided with genetic counseling.  Analyses of amniotic fluid were performed on 42, 003 specimens, with 436 abnormal fetuses (1%) detected.  Utilization ratios of amniocentesis for advanced maternal age ranged from a low of 5% to a high of 49%.  Screening programs for inborn errors of metabolism reported testing 3,158,521 specimens.  The numbers of affected children detected nationally were 195 with phenylketonuria (1:16,000), 536 with hypothyroidism (1:5,900), 25 with galactosemia (1:39,685), eight with maple syrup urine disease (1:86,984), and eight with homocystinuria (1:139,008).

Seymour CA, Thomason MJ, Chalmers RA, Addison GM, Bain MD, Cockburn F et al. Newborn screening for inborn errors of metabolism: a systematic review. Health Technol Assess 1997; 1:i-iv, 1-95.

     Abstract: OBJECTIVES. To establish a database of literature and other evidence on neonatal screening programmes and technologies for inborn errors of metabolism. To undertake a systematic review of the data as a basis for evaluation of newborn screening for inborn errors of metabolism. To prepare an objective summary of the evidence on the appropriateness and need for various existing and possible neonatal screening programmes for inborn errors of metabolism in relation to the natural history of these diseases. To identify gaps in existing knowledge and make recommendations for required primary research. To make recommendations for the future development and organisation of neonatal screening for inborn errors of metabolism in the UK. HOW THE RESEARCH WAS CONDUCTED.  There were three parts to the research. A systematic review of the literature on inborn errors of metabolism, neonatal screening programmes, new technologies for screening and economic factors. Inclusion and exclusion criteria were applied, and a working database of relevant papers was established. All selected papers were read by two or three experts and were critically appraised using a standard format. Seven criteria for a screening programme, based on the principles formulated by Wilson and Jungner (WHO, 1968), were used to summarise the evidence. These were as follows. Clinically and biochemically well-defined disorder. Known incidence in populations relevant to the UK. Disorder associated with significant morbidity or mortality.  Effective treatment available. Period before onset during which intervention improves outcome. Ethical, safe, simple and robust screening test. Cost-effectiveness of screening. A questionnaire which was sent to all newborn screening laboratories in the UK. Site visits to assess new methodologies for newborn screening. The classical definition of an inborn error of metabolism was used (i.e., a monogenic disease resulting in deficient activity in a single enzyme in a pathway of intermediary metabolism). RESEARCH FINDINGS. INBORN ERRORS OF METABOLISM. Phenylketonuria (PKU) (incidence 1:12,000) fulfilled all the screening criteria and could be used as the 'gold standard' against which to review other disorders despite significant variation in methodologies, sample collection and timing of screening and inadequacies in the infrastructure for notification and continued care of identified patients. Of the many disorders of organic acid and fatty acid metabolism, a case can only be made for the introduction of newborn screening for glutaric aciduria type 1 (GA1; estimated incidence 1:40,000) and medium-chain acyl CoA dehydrogenase (MCAD) deficiency (estimated incidence 1:8000-1:15,000). Therapeutic advances for GA1 offer prevention of neurological damage but further investigation is required into the costs and benefits of screening for this disorder. MCAD deficiency is simply and cheaply treatable, preventing possible early death and neurological handicap. Neonatal screening for these diseases is dependent upon the introduction of tandem mass spectrometry (tandem MS). This screening could however also simultaneously detect some other commonly encountered disorders of organic acid metabolism with a collective incidence of 1:15,000.(ABSTRACT TRUNCATED)

Stevens MB, Rigilano JC, Wilson CC. State screening for metabolic disorders in newborns. Am Fam Physician 1988; 37:223-228.

     Abstract: Most states have mandatory screening programs for congenital and inherited disorders of metabolism. Physicians may be unaware of their state's requirements, and compiled lists of testing requirements are generally unavailable or incomplete. All states test for congenital hypothyroidism and phenylketonuria. Some states require that newborns be tested for up to six other specific congenital and inherited disorders of metabolism. Some states base their decision to test on demographic data, but there is no uniformity in the tests

Subcommittee on Screening GABBDI. Iowa Newborn Screening Program: A Program for

Screening Infants for Genetic and Metabolic Disorders. 1-8. 1999. Iowa State Department of

Health. 

The Mountain States Regional Genetic Services Network NSCotMSRGSNM. Newborn Screening Practitioner's Manual. Pediatrics 1995;1-62. 

Therrell BL, et al. U.S. Newborn Screening Systems Guidelines: Statement of the Council of Regional Networks for Genetic Services. 1994. 

Tiwary CM. Neonatal screening for metabolic and endocrine diseases. Nurse Pract 1987; 12(9):28-35, 38, 41.

     Abstract: The screening of neonates for metabolic diseases is important in order to identify a population with or at risk for metabolic diseases. Early diagnosis can then be made, treatment instituted and physical and/or mental handicaps due to the disease can be prevented. The World Health Organization's screening criteria are helpful in selecting those diseases appropriate for screening. Usually a state designated central laboratory performs the screening tests. All states screen for phenylketonuria (PKU) and hypothyroidism; in addition, 26 states screen for galactosemia, 20 for maple syrup urine disease and 19 for homocystinuria. The cost-benefit ratio for screening programs is excellent, varying from 1:13 to 1:20. The necessary follow-up of patients for diagnosis and treatment can be enhanced by maintaining a close liaison with the laboratory and providing adequate information to parents. As a result of instituting a screening program, the incidence of mental retardation due to PKU has been practically eliminated and new insights about metabolic diseases have been obtained. The rapid progress in technology may soon result in better and cheaper tests capable of identifying more diseases amenable to treatment 

Tiwary CM. Proposed guidelines for screening of metabolic and endocrine diseases of dependent neonates of the U.S. Armed Forces. Derived from a survey of state guidelines for neonatal screening of metabolic diseases. Clin Pediatr (Phila) 1987; 26:349-354.

     Abstract: State regulations for neonatal screening for metabolic diseases do not optimally serve the needs of the dependents of the U.S. Armed Forces. Guidelines are therefore proposed for the neonatal screening for metabolic disease based both on responses received across the United States and on the unique needs of the U.S. Armed Forces. The guidelines agree with the policies outlined by various national medical and scientific organizations. It is suggested that neonates be screened for phenylketonuria (PKU), hypothyroidism, galactosemia, and maple syrup urine disease (MSUD). The screening program is cost-effective and feasible. Prior to implementing the program throughout the U.S. military, a pilot program based at the Armed Forces Institute of Pathology should be started

Tuerck JM, Buist NR, Skeels MR,. Et al.  Computerized surveillance of errors in newborn screening practice. Am J Public Health 1987; 77:1528-1531.

     Abstract: We describe the use and early results of the Oregon Public Health Laboratory computer to monitor hospital and practitioner compliance with state newborn screening recommendations. The system tracks five major categories of screening practice in which 21 types of errors affecting screening test quality have been identified. Our initial pilot study examined computer generated data for 23,717 specimens submitted by 116 Oregon birthing facilities over a four-month period. Results show that 58.3 per cent of newborn screening specimens were submitted incorrectly according to current state recommendations

Tuerck JM, Buist NR. Pacific northwest regional newborn screening: a paradigm of prevention. J Med Syst 1988; 12:97-104.

     Abstract: We describe the use and early results of the Oregon Public Health Laboratory computer to monitor hospital and practitioner compliance with state newborn screening recommendations. The system tracks five major categories of screening practice in which 18 types of errors affecting screening test quality have been identified. Results show that 47.3% of newborn screening specimens were submitted incorrectly according to current state recommendations. The program will be used to improve screening practices and to evaluate educational efforts 

U.S.Public Health Service. Newborn screening. Am Fam Physician 1994; 50:354-358.

Wald NJ, et al. Antenatal and neonatal screening. New York, NY: Oxford University Press, 1984.

Wolfson M, Wu MM. Postrelational database implementation for newborn screening and tracking. J Med Syst 1988; 12:105-113.

     Abstract: Development of microcomputer based systems for the management of data in newborn screening programs has posed special difficulties. This paper describes the specific requirements for implementing an effective newborn screening database system using a unique postrelational database system. This system has been developed by Neometrics Inc. for use by laboratories engaged in running high volume newborn screening programs, and is currently operational in a number of state health laboratories 

Wright L, Brown A, Davidson-Mundt A. Newborn screening: the miracle and the challenge. J Pediatr Nurs 1992; 7:26-42. 

     Abstract: Modern newborn screening programs are coordinated multi-disorder systems for prevention of infant death and disability, which include statewide infant screening, rapid retrieval, early intervention, and long-term follow-up. Screening programs are dynamic, with new tests being evaluated and added. Because nurses are actively involved in all phases of newborn screening, they must be knowledgeable about each disorder and changing screening requirements. This article reviews basic defects, genetics, incidence, symptoms, treatment, and specific newborn screening requirements for the eight disorders most widely incorporated into statewide newborn screening programs, and discusses practical nursing interventions 

Biotinidase Deficiency

Pass KA, Amador PS, New York State Department of Health. A Pilot Screening for Biotinidase Deficiency in Newborns. Rockville, MD: Maternal and Child Health; 1989. 

     Abstract: In the study, the New York State Newborn Screening Program tested over 500,000 newborns for biotinidase deficiency, and determined that the disease demonstrated many of the requisites for inclusion in a newborn screening program.  Investigators found that the biotinidase deficiency assay was suitable for high volume screening, as it was simple and inexpensive. The rate of false positives was low, and no false negatives were identified. Treatment and followup were judged to be simple, inexpensive, and effective, with early intervention preventing irreversible clinical sequelae which would otherwise lead to lifetime disability and higher medical costs or early death

Congenital Adrenal Hyperplasia

Anonymous.  Technical report: congenital adrenal hyperplasia. Section on Endocrinology and Committee on Genetics. Pediatrics.  106(6):1511-8, 2000 Dec.

     Comment in: Pediatrics. 2001 Apr;107(4):804

     Comment in: Pediatrics. 2001 May;107(5):1238

     Abstract:  The Section on Endocrinology and the Committee on Genetics of the American Academy of Pediatrics, in collaboration with experts from the fields of pediatric endocrinology and genetics, developed this policy statement as a means of providing up-to-date information for the practicing pediatrician about current practice and controversial issues in congenital adrenal hyperplasia (CAH), including the current status of prenatal diagnosis and treatment, the benefits and problem areas of neonatal screening programs, and the management of children with nonclassic CAH. The reference list is designed to allow physicians who wish more information to research the topic more thoroughly. [References: 71]

Brosnan CA.  Brosnan PG.  Swint JM.  Analyzing the cost of neonatal screening for congenital adrenal hyperplasia. [letter; comment].  Pediatrics.  107(5):1238, 2001 May.

     Comment on: Pediatrics. 2000 Dec;106(6):1511-8

Brosnan CA, Brosnan P, Therrell BL, Slater CH, Swint JM, Annegers JF, Riley WJ.  A comparative cost analysis of newborn screening for classic congenital adrenal hyperplasia in Texas.  Public Health Reports 1998 Mar-Apr;113(2):170-8.  

     Abstract:  OBJECTIVE:  Texas mandates a two-test newborn screening program for congenital adrenal hyperplasia (CAH): one test at birth and a second test at approximately one to two weeks after birth.  The authors compared the dollar cost of detecting infants with CAH clinically and through the screening program.  METHODS:  The authors estimated the costs of screening newborns in 1994 for CAH, including resources used by the Texas Department of Health and the broader cost to society.  RESULTS:  Fifteen infants with classic CAH were diagnosed in Texas in 1994 among 325,521 infants born (1:21,701 cumulative incidence).  Seven infants were detected clinically and the others were detected through screening, six on the first screen and two on the second screen.  The first screen identified all previously undetected infants with severe salt-wasting CAH.  The cumulative cost to diagnose the seven infants detected clinically was $79,187.  The incremental costs for the screening program were $115,169 per additional infant diagnosed through the first screen and $242,865 per additional infant diagnosed through the second screen.  CONCLUSIONS:  If the goal is early diagnosis of infants with the severe salt-wasting form of CAH< a single screen is effective.  If the goal is to detect infants with the simple virilizing form of the disorder who may benefit from early treatment, the second screen is necessary, but it is not as cost-effective as the first screen.  

Fleshood HL. Newborn screening for congenital adrenal hyperplasia.  Tennessee Medicine.  93(10):377-8, 2000 Oct.

Killeen, A. A. (2001). "Commentary: molecular analysis of congenital adrenal hyperplasia in a newborn screening program." Mol Diagn 6(3): 189-91.

King JL.  Naber JM.  Hopkin RJ.  Repaske DR.  Bailey L.  Leslie ND.  Antenatal corticosteroids and newborn screening for congenital adrenal hyperplasia.  Archives of Pediatrics & Adolescent Medicine.  155(9):1038-42, 2001 Sep.

     Abstract:  OBJECTIVE: To assess the effect of reported corticosteroid exposure on neonatal levels of 17-hydroxyprogesterone (17-OHP), the cortisol precursor used in newborn screening for congenital adrenal hyperplasia, in newborns weighing less than 2500 g at birth. DESIGN: A retrospective study of newborns weighing less than 2500 g at birth and exposed to corticosteroids as reported on their newborn screening card compared with newborns weighing less than 2500 g at birth and reported as not exposed to corticosteroids. METHODS: Birth weight, gestational age, age at screening, special care information, and name of screening hospital were obtained from newborn screening cards for 16 115 newborns screened in Michigan during the first 3 months of 2000. Levels of 17-OHP, measured by fluoroimmunoassay, were obtained from Michigan's Newborn Screening Program database. RESULTS: The mean 17-OHP level for the 69 low-birth-weight newborns in the corticosteroid-exposed group was 52 ng/mL, which was higher than that for the 771 low-birth-weight newborns in the unexposed group (35 ng/mL) (P<.001). Reported corticosteroid use did not decrease the number of expected borderline positive screening results for congenital adrenal hyperplasia (P>.05). Levels of 17-OHP varied by birth weight in corticosteroid-exposed and unexposed newborns. CONCLUSIONS: Corticosteroid exposure may not suppress screening 17-OHP levels. Therefore, newborn screening should not be delayed in premature newborns because of antenatal exposure to corticosteroids.

Rhoades E.  King P.  Public health explores expanding newborn screening for cystic fibrosis, congenital adrenal hyperplasia, and medium-chain acyl coenzyme A dehydrogenase deficiency (MCAD).  Journal - Oklahoma State Medical Association.  94(4):129-32, 2001 Apr. (See abstract in Research/New Technology)

Therrell BL.  Newborn screening for congenital adrenal hyperplasia.  Endocrinology & Metabolism Clinics of North America.  30(1):15-30, 2001 Mar.

     Abstract:  Classic CAH (salt-wasting and simple virilizing) meets all of the recommended criteria for newborn screening. There are reliable and efficient newborn screening tests, the disorder results in high morbidity and mortality if left undetected, there is effective treatment that reduces negative outcomes, and there is a relatively high incidence. When compared with the case findings without the benefit of screening, the data from screening programs show reduced adrenal crises, reduced incorrect sex assignments, and reduced deaths. Racial/ethnic prevalence differences are present in newborn screening program data.  The Texas data indicate a lower disease frequency in African-Americans when compared with Caucasians, and international data indicate higher frequencies in native Yupik Eskimos, Brazilians, residents of La Reunion, and Filipinos. When worldwide clinical ascertainment data are compared with newborn screening data, it is clear that newborns with CAH (especially males) die when screening is not done.  To be effective in reducing mortality, newborn screening must be performed soon after birth, and the results must be available quickly so that early salt-wasting crises can be averted.  It is preferable that newborn screening laboratories be operational 7 days a week, and that sample delivery from the collection site to testing laboratory be as efficient as possible, including weekends and holidays, so that undue testing delays are not encountered.  These two requirements pose major challenges for most programs, but they are critical to optimal screening outcome.  Based on the studies in Texas, with second screening samples collected at approximately 2 weeks of age, some newborns with simple virilizing CAH are missed on initial screening using current testing protocols.  There is need to set a screening cut-off such that the false-positive rate does not oversaturate the follow-up system, in part owing to the insensitivity of current kit methodologies and the biochemical manifestations of CAH.  With advances in genetic testing procedures and improved automation techniques, it may soon be possible for CAH screening programs to include genotyping as a second-tier confirmation as a part of the newborn screening protocol.  Despite the fact that CAH is a continuum of disorders, the correlation between genotype and phenotype is fairly consistent in most cases.  For the purpose of screening, genotyping will likely be useful only for differential diagnoses of non-salt wasters, given the necessary time constraints and expense of obtaining genotypes and the need for immediate diagnosis/treatment of salt wasters.  It is hoped that newborn screening programs will begin to provide answers to some of these questions in addition to their primary function of reducing the morbidity and mortality resulting from CAH. 

Therrell BL, Jr., Berenbaum SA, Manter-Kapanke V, et al. Results of screening 1.9 million Texas newborns for 21-hydroxylase-deficient congenital adrenal hyperplasia. Pediatrics 1998;101:583-590.

     Abstract: OBJECTIVE: To assess results of newborn screening for 21-hydroxylase- deficient congenital adrenal hyperplasia (CAH) in Texas over 6 years of screening 1.9 million infants. METHODS: In 1989, CAH was incorporated into the ongoing Texas Newborn Screening Program, which requires two screens on each newborn. 17-Hydroxyprogesterone was assayed, without extraction, by radioimmunoassay of blood collected from heel sticks onto filter paper collection cards. Infants with elevated levels of 17- hydroxyprogesterone were referred for evaluation, and those considered to have CAH were studied with respect to disease characteristics. Data were collected by pediatric endocrinologists using standardized forms that included type of CAH, results of laboratory tests, treatment regimen, disease symptoms and signs, and, for girls, degree of genital virilization. RESULTS: The incidence of classic CAH in Texas is 1:16 008, with a ratio of salt-wasting to simple-virilizing of 2.7:1. A majority of infants detected were undiagnosed until screened, despite signs of saltwasting or ambiguous genitalia. It was difficult to differentiate salt-wasting from simple-virilizing CAH in infants who were identified before the onset of adrenal insufficiency or electrolyte abnormalities. A substantial number of infants with nonclassic (NC) CAH also were detected. Not all infants were detected on the initial screen; 14% of infants with classic CAH and 87% with NC CAH were detected on the second routine screening test. CONCLUSIONS: Our findings confirm the benefits of newborn screening for CAH and the importance of a second screening test, and suggest that programs for newborn CAH screening must consider complex issues in diagnosis and treatment. These results also confirm that CAH is a continuum of disorders, rather than a disorder with discrete subtypes. In addition, the difficulties in differentiating CAH subtypes in newborns, and thus deciding appropriate treatment, and the high incidence of NC CAH suggest that standard diagnostic criteria and treatment regimens for CAH may need modification. Where screening exists, physicians will encounter more cases of CAH than in the past 

Van der Kamp, H. J., K. Noordam, et al. (2001). "Newborn screening for congenital adrenal hyperplasia in the Netherlands." Pediatrics 108(6): 1320-4.


OBJECTIVE: To evaluate whether congenital adrenal hyperplasia (CAH) patients can be detected by newborn screening before the occurrence of life-threatening salt wasting and whether the prevalence, specificity, and sensitivity are adequate enough for a routine screening procedure. DESIGN: From 1998, a 2-year regional pilot screening for CAH was performed. In 1998, cutoff levels for 17OHP were primarily based on birth weight, and in 1999 on gestational age. In addition, nationwide, all newly diagnosed patients with CAH were reported to the Dutch Pediatric Surveillance Unit to compare screened CAH patients with CAH patients in the area without screening. RESULTS: In 2 years, 176 684 newborns were screened and 15 CAH patients (7 males/8 females) were detected. Therapy was started at the median age of 7 days. In the area without screening, 223 307 infants were born and 19 CAH patients (10 males/9 females) were reported to the Dutch Pediatric Surveillance Unit. Therapy was started at the median age of 14 days. The mean (standard deviation) serum sodium concentration was 134.5 (3.4) mmol/L in the area of screening versus 124.5 (10.8) mmol/L in the area without screening. The overall prevalence was 1:11 764. In 1998 and 1999, the specificity was 99.76% and 99.97%, respectively. The positive predictive value was 4.5% and 16%, respectively. To date, no false-negative cases have been detected. CONCLUSION: Severe salt wasting can be prevented by neonatal screening. The prevalence, specificity, and sensitivity allowed addition of screening for CAH to the routinely performed national neonatal screening program.

Congenital Hypothyroidism

Connelly, J. F., J. C. Coakley, et al. (2001). "Newborn screening for congenital hypothyroidism, Victoria, Australia, 1977-1997. Part 1: The screening programme, demography, baseline perinatal data and diagnostic classification." J Pediatr Endocrinol Metab 14(9): 1597-610.


Clinical, demographic and laboratory data from infants with congenital hypothyroidism (CH) born in the Australian state of Victoria from the commencement of neonatal screening in mid-1977 until December 1988 are reported. These provide a baseline for a 12-year prospective longitudinal study on physical and neuro-psychological outcome until mid-1997, the subject of a second paper. Infants with CH were detected using a primary TT4 screening test. Demographic data were collected prospectively using a clinical assessment protocol. Nearly all affected infants underwent 99mTc pertechnetate scanning at the initial assessment to determine the underlying aetiology of their hypothyroidism. 704,723 infants were screened and 199 with permanent primary hypothyroidism (one in 3,541) were identified. The most common aetiologies were thyroid ectopia (46%), thyroid aplasia (33%), and 'dyshormonogenesis' (11%). The clinical abnormalities classically described in CH were more evident in infants with aplasia, and the striking female preponderance in infants with thyroid dysplasia (syn. dysgenesis) was confirmed. Other features included increased frequencies of 'dyshormonogenesis' in infants of parents of Middle-Eastern origin and of labour induction in infants with dysplasia. A closed posterior fontanelle was not found in any infant with thyroid aplasia.

Dhondt JL, Farriaux JP, Sailly JC, Lebrun T. Economic evaluation of cost-benefit ratio of neonatal screening procedure for phenylketonuria and hypothyroidism. J Inherit Metab Dis 1991; 14:633-639.

(See abstract in Newborn Screening Costs/Financing)

Hsiao PH.  Chiu YN.  Tsai WY.  Su SC.  Lee JS.  Soong WT.  Intellectual outcome of patients with congenital hypothyroidism detected by neonatal screening.  Journal of the Formosan Medical Association.  100(1):40-4, 2001 Jan.

     Abstract:  BACKGROUND AND PURPOSE: Mental retardation is a major sequela of delayed treatment for congenital hypothyroidism; congenital hypothyroidism can be treated early if detected with neonatal screening. We evaluated the intellectual outcomes of 62 patients with congenital hypothyroidism detected by neonatal screening at a major teaching hospital in northern Taiwan. The effects of thyroid pathology, age at the initiation of treatment, socioeconomic status, and severity of hypothyroidism on intellectual outcome were also analyzed. METHODS: All patients had euthyroid status at the time of intelligence testing. The Chinese Fourth Revision of the Binet-Simon Scales was used to evaluate the patients' intelligence between the ages of 3 and 6 years. RESULTS: The mean intelligence quotient (IQ) score was 102 +/- 18. Only four of the 62 patients were mentally retarded. Patients with lower initial serum thyroxine concentrations (T4; < 2 micrograms/dL) at the time of diagnosis of congenital hypothyroidism had significantly lower IQs (95 +/- 19, n = 26) than those with higher initial T4 concentrations (106 +/- 16, n = 36; p < 0.05). Patients with fewer than three ossification centers had lower IQs (91 +/- 20, n = 12) than those with three or more (104 +/- 17, n = 36; p < 0.05). Significantly lower IQs were also found in patients with a smaller femoral epiphysis area (< 0.1 cm2) (92 +/- 20, n = 15) than in those with larger epiphyses (106 +/- 15, n = 21; p < 0.05). The type of pathology (ectopia, athyrosis, dyshormonogenesis), age at the start of treatment (before or after 30 days of age), and socioeconomic status did not significantly affect the intellectual outcome. CONCLUSIONS: Our results indicate that intellectual outcome in Taiwanese patients with congenital hypothyroidism has been improved by neonatal screening and that the severity of hypothyroidism at diagnosis is the most important prognostic factor affecting intellectual outcome in these patients.

Price A.  Weetman AP.  Screening for central hypothyroidism is unjustified.  BMJ.  322(7289):798, 2001 Mar 31.

Simpson N, Randall R, Lenton S, Walker S. Audit of neonatal screening programme for phenylketonuria and congenital hypothyroidism. Arch Dis Child Fetal Neonatal Ed 1997; 77:F228-F234. (See abstract in Newborn Screening, phenylketonuria)

Wilson DP, Coldwell JG. Newborn hypothyroid screening. The private sector. Am J Dis Child 1985; 139:662-663.

     Abstract: Newborn hypothyroid screening in four private hospitals was prospectively evaluated and compared with a state screening program. During 1982 the hospitals screened a total of 10,786 infants compared with 47,525 by the state. Eight cases of primary hypothyroidism were confirmed by the state, for an incidence of one in 5,941. No cases were detected by the hospital programs. The cost for all infants screened in the private hospitals was 51.5 times more than the total cost of the state program, yet the state screened 4.4 times more infants 

Cystic Fibrosis

Newborn screening for cystic fibrosis: a paradigm for public health genetics policy development. Proceedings of a 1997 workshop. MMWR Morb Mortal Wkly Rep. 1997;46:1-24.

     Abstract:  Cystic fibrosis (CF) is a genetic disease that can be detected in newborn infants (i.e., those aged < or = 1 month) by immunotrypsinogen testing. The sensitivity and specificity of such testing can now be improved as a result of the recent discovery of the Cystic Fibrosis Transmembrane Conductance Regulatory (CFTR) gene. Although limited CF screening for newborns has been used since the 1980s, the clinical, social, and economic outcomes of population-based screening are controversial. During January 1997, a workshop was convened at CDC in Atlanta, Georgia to discuss the benefits and risks associated with screening newborns for CF and to develop public health policy concerning such screening. The workshop planning committee comprised representatives from CDC, the Cystic Fibrosis Foundation, the National Institutes of Health, and the University of Wisconsin. Experts in the fields of CF, public health, the screening of newborns, and economics also contributed to discussions. Workshop participants addressed a) benefits and risks, b) laboratory testing, and c) economics concerning the implementation of routine CF screening for newborns. Summaries of these discussions and the resulting workshop recommendations are presented in this report. These recommendations, developed by workshop participants, will be useful to medical and public health professionals and state policymakers who are evaluating the merits of population- based screening of newborns for CF

American Academy of Pediatrics, Ad Hoc Committee Task Force on Neonatal screening, Cystic Fibrosis Foundation.  Neonatal screening for cystic fibrosis: position paper. Pediatrics 1983; 72:741-745.

Asch DA, Hershey JC, Dekay ML, et al. Carrier screening for cystic fibrosis: costs and clinical outcomes. Med Decis Making 1998; 18:202-212.

     Abstract: OBJECTIVES: To evaluate the costs and clinical effects of 16 alternative strategies for cystic fibrosis (CF) carrier screening in the reproductive setting; and to test the sensitivity of the results to assumptions about cost and detection rate, stakeholder perspective, DNA test specificity, chance of nonpaternity, and couples' reproductive plans.  METHOD: Cost-effectiveness analysis. RESULTS: A sequential screening strategy had the lowest cost per CF birth avoided. In this strategy, the first partner was screened with a standard test that identifies 85% of carriers. The second partner was screened with an expanded test if the first partner's screen was positive.  This strategy identified 75% of anticipated CF births at a cost of $367,000 each. This figure does not include the lifetime medical costs of caring for a patient with CF, and it assumes that couples who identify a pregnancy at risk will choose to have prenatal diagnosis and termination of affected pregnancies. The cost per CF birth identified is approximately half this figure when couples plan two children. CONCLUSIONS: The cost- effectiveness of CF carrier screening depends greatly on couples' reproductive plans. CF carrier screening is most cost effective when it is performed sequentially, when the information is used for more than one pregnancy, and when the intention of the couple is to identify and terminate affected pregnancies. These conclusions are important for policy considerations regarding population-based screening for CF, and may also have important implications for screening for less common diseases

Ciske DJ.  Haavisto A.  Laxova A.  Rock LZ.  Farrell PM.  Genetic counseling and neonatal screening for cystic fibrosis: an assessment of the communication process.  Pediatrics.  107(4):699-705, 2001 Apr.

     Abstract:  OBJECTIVE: To assess the effectiveness of communication between health care providers (physicians, nurses, genetic counselors) in Wisconsin and parents of children identified as heterozygote carriers for cystic fibrosis (CF) in the routine Wisconsin Newborn Screening Program that was implemented using trypsinogen/DNA testing. METHODS: Routine CF neonatal screening, implemented in July 1994, involved a statewide system that recommended but did not mandate follow-up sweat tests at 1 of the Wisconsin's 2 certified CF centers. The Wisconsin Division of Health sent requests to participate to the parents of 483 infants identified as CF carriers between July 1994 and December 1997. Of the 483 parents, 183 agreed to participate and were asked to complete a questionnaire assessing their CF newborn screening experiences and their knowledge of CF genetics and any changes they made in their reproductive behavior as a result of this knowledge. Follow-up telephone interviews by a genetic counselor were attempted within 1 year for those completing the questionnaire. RESULTS: Within 4 months after the mailing, 138 of 183 (75%) parents completed the questionnaire. Subsequently, 123 of the 138 responders (89%) were contacted and interviewed by telephone. We learned that 67.6% of parents recalled receiving genetic counseling, but 32.4% of parents apparently did not participate in a risk communication session. When asked, "Who performed the genetic counseling?" parents indicated that their communication was with physicians in 8% of cases, nurses in 12.4%, and certified genetic counselors in 32.8% of cases; 17.5% of parents did not recall who performed the genetic counseling and 29.2% of parents indicated they did not receive genetic counseling. Based on the 138 responses, it was found that 88.3% of parents understood that their child was a carrier for CF, but 15.4% of parents were unsure whether being a carrier could cause illness. In addition, 12.4% of parents were unsure whether at least 1 of them (parents) was a carrier of the CF gene. Only 57% of parents knew there was a 1 in 4 chance that their child could have a child with CF if he or she reproduced with another carrier of the CF gene. Statistically significant differences were noted when comparing the frequency of correct responses between parents who received genetic counseling and parents who had not. The frequency of accurate responses did not depend on which health care professional provided the genetic counseling. Comparing responses of parents who were seen at a certified CF center with parents seen at other community hospitals and clinics revealed significant differences in the frequency of correct responses, with the former group showing a higher percentage of correct responses. Telephone interviews revealed that 11.4% of parents were unaware that their child was a carrier for CF and that 54.5% wished they had more information made available to them at the time of the initial positive newborn screen result, before the definitive sweat test. Also, 13.8% of parents recommended that community physicians be better informed of the details and implications of positive screening results for CF. CONCLUSION: Genetic counseling is imperative for the success of newborn screening for CF and other congenital diseases. With the completion of the Human Genome Project, more molecular screening for childhood disease is bound to enter the clinical arena. Based on our findings, efforts must be made to ensure that newborn screening programs have the means and the methods to communicate newborn screening results effectively to families. In addition, both the general public and community health providers must be better informed of the implications of all newborn screening results. Additional research is needed to determine whether there are communication styles and approaches that are better suited to counseling parents regarding newborn screening results.

Corbetta, C., M. Seia, et al. (2002). "Screening for cystic fibrosis in newborn infants: results of a pilot programme based on a two tier protocol (IRT/DNA/IRT) in the Italian population." J Med Screen 9(2): 60-3.


OBJECTIVE: To assess the performance of a two tier neonatal screening programme (IRT/DNA/IRT) for cystic fibrosis, based on immunoreactive trypsinogen (IRT) followed by direct cystic fibrosis transmembrane conductance regulator (CFTR) gene analysis (based on a panel of up to 31 mutations) in hypertrypsinaemic newborn infants and to compare it with a previous screening protocol. SETTING: The study comprised all the newborn infants in the period 1 October 1998 to 31 December 1999 in the Lombardia region, north western Italy. METHODS: The screening strategy consisted of an immunoreactive trypsinogen assay from dried blood spots, a polymerase chain reaction (PCR) followed by an oligonucleotide ligation assay (PCR-OLA), and a sequence code separation. RESULTS: 104 609 newborn infants were screened. 1457 hypertrypsinaemic infants (1.39%) were analysed with the PCR-OLA assay. 18 newborn homozygotes or compound heterozygotes for CFTR mutations were identified and referred to the cystic fibrosis (CF) centre at a mean age of 3 weeks. 125 infants presenting only one mutation were recalled for a sweat test: a diagnosis of CF was made in 13 infants, and parents of 112 neonates identified as carriers (1:13) received genetic counselling. The remaining 1314 hypertrypsinaemic newborn infants were recalled for IRT retesting and 177 were referred for a sweat test because the second IRT measurement was above the cut off value. Among this group a further two infants were diagnosed with CF (1.1%) leading to a CF prevalence of 1:3170. CONCLUSIONS: This strategy resulted in an early and accurate diagnosis of CF. The IRT/DNA/IRT protocol with an OLA assay was shown to be useful in an Italian population with a genetic heterogeneity, leading to the identification of 94% of infants with CF.
Dodge JA, Ryley HC. Screening for cystic fibrosis. Arch Dis Child 1982; 57(10):774-780.

     Abstract: Practicable methods are now available for whole population screening of neonates for cystic fibrosis. Although diagnosis and treatment of the disease from birth has not yet been unequivocally shown to improve prognosis, existing evidence suggests that this is likely. Further ethical reasons are proposed in support of neonatal diagnosis and early treatment. The development of tests for prenatal diagnosis and carrier detection is under active investigation, and raises ethical problems for heterozygotes and their medical advisers. The heavy financial and emotional burden this disease imposes on the patient and the family should not be underestimated when policy decisions are made 

Doull IJ.  Ryley HC.  Weller P.  Goodchild MC.  Cystic fibrosis-related deaths in infancy and the effect of newborn screening.  Pediatric Pulmonology.  31(5):363-6, 2001 May.

     Abstract:  Although newborn screening for cystic fibrosis (CF) is widely advocated, hard evidence in its favor is difficult to obtain, partly because of a dramatically improved life expectancy. Between 1985--1989 infants, born in Wales and the West Midlands were randomized to newborn CF screening by heel-prick immunoreactive trypsin (IRT) measurement or diagnosis by clinical presentation. Eligible children with CF who died in the first 5 years of life were identified from the local pediatricians and from the National UK CF Survey. In all, 230,076 infants were randomized to be screened, while 234,510 were unscreened. One hundred seventy-six CF children were identified, of whom 7 died in the first 5 years of life, 3 having presented with meconium ileus. Median age of diagnosis in the screened group was 8 weeks. On an intention to treat analysis, all 4 nonmeconium ileus-related deaths occurred in the unscreened group (Fisher's exact test, P < 0.05). However, the clinical presentation of 2 of these infants led to them being diagnosed prior to 8 weeks, i.e., earlier than would have been likely by screening. In conclusion, newborn screening has the potential to decrease infant CF deaths, but if it is to be successful, identification and treatment must occur as soon as possible after birth. Copyright 2001 Wiley-Liss, Inc.

Dudding T.  Wilcken B.  Burgess B.  Hambly J.  Turner G.  Reproductive decisions after neonatal screening identifies cystic fibrosis.  Archives of Disease in Childhood: Fetal & Neonatal Edition.  82(2):F124-7, 2000 Mar.

     Abstract:  AIMS: To document the reproductive choices made by women in New South Wales, Australia, after neonatal screening has identified cystic fibrosis (CF). METHODS: A sample of women attending cystic fibrosis clinics in New South Wales who had a child (or children) diagnosed by neonatal screening between 1981 and 1996 were interviewed. RESULTS: Two thirds of the women chose to avoid having another child with CF. The uptake of prenatal diagnosis was 66% in women who had a subsequent pregnancy; of these 69% terminated or would have terminated an affected fetus. Fifty nine per cent of the women who decided against a further pregnancy made this decision in order to avoid having another child with CF. CONCLUSIONS: These data show that having a child with CF influenced subsequent reproductive choices. In addition to the medical advantages of an early diagnosis offered by neonatal screening, this also allows informed future reproductive decisions.

Dudding T.  Wilcken B.  Burgess B.  Turner G.  Neonatal screening for cystic fibrosis. [letter; comment]. Lancet.  356(9245):1930, 2000 Dec.

     Comment on: Lancet. 2000 Sep 2;356(9232):789-94

Farrell PM.  Improving the health of patients with cystic fibrosis through newborn screening. Wisconsin Cystic Fibrosis Neonatal Screening Study Group.  Advances in Pediatrics.  47:79-115, 2000.

Farrell PM, Aronson RA, Hoffman G, Laessig RH.  Newborn screening for cystic fibrosis in Wisconsin: first application of population-based molecular genetics testing. Wis Med J 1994; 93(8):415-421.

     Abstract: Infants born in Wisconsin are being screened for cystic fibrosis (CF) associated with the F508 mutation. This screening program has been developed during 9 years of research supported by the National Institutes of Health and involves a unique, two-tier system employing measurement of immunoreactive trypsinogen (IRT) initially. When the IRT level is high, DNA is extracted from the neonatal dried blood specimen and analyzed for the F508 mutant allele, following polymerase chain reaction (PCR) amplification; the F508 mutation is present in more than 90% of CF patients and accounts for the common, severe form of the disease.  Infants with a positive DNA test are either CF heterozygote carriers or CF patients, depending on the results of a sweat test, which should be performed at 4 weeks of age. Screening the newborn population for CF provides the opportunity for early nutritional and respiratory interventions, as well as genetic counseling. This represents the first population-based application of molecular genetics for detection of a major congenital disorder causing serious public health problems. The process by which the recommendation was reached to screen for CF is described in this article, along with new information on the pathogenesis of CF, its clinical presentation, the rationale for newborn screening, and the method developed for the screening program 

Farrell PM.  Kosorok MR.  Rock MJ.  Laxova A.  Zeng L.  Lai HC.  Hoffman G.  Laessig RH.  Splaingard ML.  Early diagnosis of cystic fibrosis through neonatal screening prevents severe malnutrition and improves long-term growth. Wisconsin Cystic Fibrosis Neonatal Screening Study Group.  Pediatrics.  107(1):1-13, 2001 Jan.

     Abstract:  OBJECTIVE: Despite its relative frequency among autosomal recessive diseases and the availability of the sweat test, cystic fibrosis (CF) has been difficult to diagnose in early childhood, and delays can lead to severe malnutrition, lung disease, or even death. The Wisconsin CF Neonatal Screening Project was designed as a randomized clinical trial to assess the benefits and risks of early diagnosis through screening. In addition, the incidence of CF was determined, and the validity of our randomization method assessed by comparing 16 demographic variables. METHODOLOGY: Immunoreactive trypsinogen analysis was applied to dried newborn blood specimens for recognition of CF risk from 1985 to 1991 and was coupled to DNA-based detection of the DeltaF508 mutation from 1991 to 1994. Randomization of 650 341 newborns occurred when their blood specimens reached the Wisconsin screening laboratory. This created 2 groups-an early diagnosis, screened cohort and a standard diagnosis or control group. To avoid selection bias, we devised a unique unblinding method with a surveillance program to completely identify the control subjects. Because sequential analysis of nutritional outcome measures revealed significantly better growth in screened patients during 1996, we accelerated the unblinding and completely identified the control group by April 1998. Having each member of this cohort enrolled and evaluated for at least 1 year and having completed a comprehensive surveillance program, we performed another statistical analysis of anthropometric evaluated indices that includes all CF patients without meconium ileus. RESULTS: The incidence of classical CF, ie, patients diagnosed in this trial with a sweat chloride of 60 mEq/L greater, was 1:4189. By incorporating other CF patients born during the randomization period, including 2 autopsy diagnosed patients and 8 probable patients, we calculate a maximum incidence of 1:3938 (95% confidence interval: 3402-4611). Although there were group differences in the proportion of patients with DeltaF508 genotypes and with pancreatic insufficiency, validity of the randomization plan was demonstrated by analyzing 16 demographic variables and finding no significant difference after adjustment for multiple comparisons. Focusing on patients without meconium ileus, we found a marked difference in the mean +/- standard deviation age of diagnosis for screened patients (13 +/- 37 weeks), compared with the standard diagnosis group (100 +/- 117). Anthropometric indices of nutritional status were significantly higher at diagnosis in the screened group, including length/height, weight, and head circumference. During 13 years of study, despite similar nutritional therapy and the inherently better pancreatic status of the control group, analysis of nutritional outcomes revealed significantly greater growth associated with early diagnosis. Most impressively, the screened group had a much lower proportion of patients with weight and height data below the 10th percentile throughout childhood. CONCLUSIONS: Although the screened group had a higher proportion of patients with pancreatic insufficiency, their growth indices were significantly better than those of the control group during the 13-year follow-up evaluation and, therefore, this randomized clinical trial of early CF diagnosis must be interpreted as unequivocally positive. Our conclusions did not change when the height and weight data before 4 years of age for the controls detected by unblinding were included in the analysis. Also, comparison of growth outcomes after 4 years of age in all subjects showed persistence of the significant differences. Therefore, selection bias has been eliminated as a potential explanation. In addition, the results show that severe malnutrition persists after delayed diagnosis of CF and that catch-up may not be possible. We conclude that early diagnosis of CF through neonatal screening combined with aggressive nutritional therapy can result
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Medical Journal of Australia.  172(5):238-9, 2000 Mar 6.

Garber AM, Fenerty JP. Costs and benefits of prenatal screening for cystic fibrosis. Med Care 1991; 29:473-489.

     Abstract: New tests promise to facilitate the prenatal detection of cystic fibrosis (CF), a fatal genetic disorder. This study examines the costs and benefits of prenatal screening and elective abortion using two types of tests: those based on restriction fragment length polymorphisms (RFLPs), which can only be applied when genetic material is available from a Cf affected family member; and those based on probes for the newly discovered CF gene, which can be applied in the general population. When either type is applied in families of CF- affected children, even an expensive test produces substantial net benefits. Existing direct gene probe tests are not sensitive, although eventually they may become less expensive and more accurate than tests based on RFLPs. Even if these tests become highly accurate, the financial benefits of population-wide screening for CF are likely to be small or negative, particularly if testing does not lead to increases in the number of normal children as it decreases the number of births of CF affected children. Because few children born in families without a history of CF have the disease, tests that are not perfectly specific will produce a

large number of false-positive results, leading to the abortion of many normal fetuses 

Grosse SD.  Khoury MJ.  Hannon WH.  Boyle CA.  Farrell PM.  Early diagnosis of cystic fibrosis.  Pediatrics.  107(6):1492, 2001 Jun.

Hammond KB, Abman SH, Sokol RJ, Accurso FJ. Efficacy of statewide neonatal screening for cystic fibrosis by assay of trypsinogen concentrations [see comments]. N Engl J Med 1991; 325(11):769-774.

     Abstract: BACKGROUND. To evaluate the feasibility and efficacy of measuring immunoreactive trypsinogen in blood to screen for cystic fibrosis, we performed this test in 279,399 newborns in Colorado from 1982 to 1987. METHODS. Immunoreactive trypsinogen was measured in dried blood spots when the infants were 1 to 4 days old; if the level was elevated (greater than or equal to 140 micrograms per liter), the measurement was repeated (mean age, 38 days); if the level was again elevated, sweat testing was performed (mean age, 49 days). For the second test, two cutoff levels (120 and 80 micrograms per liter) were evaluated. RESULTS. We found an incidence of cystic fibrosis of 1 in 3827 (0.26 per 1000), with 3.2 newborns per 1000 requiring repeat measurement. When adjusted for race and compliance with testing, the incidence among the white infants (1 in 2521) was close to the expected incidence. The false positive rate with the initial cutoff level (92.2 percent) was similar to the rate found in neonatal screening programs for other diseases. False negative results occurred because of laboratory error or changes in procedure (three infants) and trypsinogen concentrations lower than the initial cutoff level (three infants) or lower than the remeasurement cutoff level of 120 micrograms per liter (one infant). Sweat tests were negative in 168 infants with an elevated initial trypsinogen level but a level below 80 micrograms per liter on remeasurement, confirming the value of 80 micrograms per liter as an appropriate cutoff for repeat-test results. Overall, 95.2 percent of the infants with cystic fibrosis (95 percent confidence interval, 85 to 99 percent) who did not have meconium ileus could be identified with the use of a trypsinogen cutoff level of 140 micrograms per liter on initial testing and 80 micrograms per liter on repeat testing.  CONCLUSIONS. Statewide screening for cystic fibrosis based on measurements of immunoreactive trypsinogen in dried blood spots is feasible and can be implemented with acceptable rates of repeat testing and false positive and false negative results 

     Comment in: N Engl J Med 1991 Sep 12;325(11):802-4
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Honnor M.  Zubrick SR.  Walpole I.  Bower C.  Goldblatt J.  Population screening for cystic fibrosis in Western Australia: community response.  American Journal of Medical Genetics.  93(3):198-204, 2000 Jul 31.

     Abstract:  We measured acceptance of carrier testing for cystic fibrosis in the community when offered in a primary care setting, determined variables influencing acceptance, and assessed knowledge of cystic fibrosis 3-6 months later. A total of 5,102 individuals age 18-50 years attending general practices or a family planning clinic in Western Australia completed questionnaires about knowledge of cystic fibrosis and the State Anxiety Inventory. Testing for the delta F508 gene was offered. After 3-6 months, carriers, a sample of consenting participants who were not tested, and a sample of test-negative participants were sent a further questionnaire; 43.5% of participants chose to be tested for cystic fibrosis carrier status. Women, younger people, people with higher education, people without children, and people planning to have children were more likely to be tested. After 3-6 months, carriers gave correct responses to questions about cystic fibrosis more frequently than those who tested negative or were not tested; 82.2% of carriers knew that they were definitely a carrier and 31.1% of test-negative individuals believed they were definitely not carriers. Thus, population carrier screening for cystic fibrosis offered in a community setting in Western Australia was acceptable to almost half of those offered testing, particularly younger people and those planning to have children, for whom knowledge of carrier status could be useful in making reproductive decisions. There was evidence that tested individuals recalled information in a way that minimised their risk of being a carrier.

Lieu TA, Watson SE, Washington AE. The cost effectiveness of prenatal carrier screening for cystic fibrosis. Obstet Gynecol 1994; 84:903-912.

     Abstract: OBJECTIVE: To evaluate the economic consequences of routinely offering cystic fibrosis carrier screening to pregnant white women under 35 years of age. METHODS: Decision analysis was used to evaluate the health outcomes and medical costs of a screening program from the health care payer's perspective. Probabilities were taken from the literature; cost data were based on consultations with laboratory and hospital administrators. Sensitivity analysis was performed for key assumptions.  RESULTS: If the test acceptance rate were 78% and the screening test identified 85% of carriers, a prenatal cystic fibrosis- carrier screening program would identify slightly more than half of the high risk pregnancies in the population. For a cohort of one million pregnant women, it would cost $83 million. If the proportion of couples choosing abortion were 30% and the lifetime cost of medical care for cystic fibrosis were $243,650, the program would save $12 million in averted costs of  medical care for cystic fibrosis, for a net cost of $71 million. Even after accounting for the savings in averted medical care for cystic fibrosis, the cost per high-risk pregnancy identified would be $82,000; the cost per unwanted cystic fibrosis birth averted would be $1.4 million. Results were sensitive to the cost and sensitivity of the screening test, but relatively insensitive to the test acceptance rate and therapeutic abortion rates between 50-100% among pregnancies identified with cystic fibrosis. CONCLUSION: A prenatal cystic fibrosis-carrier screening program would not save the health care payer money under most assumptions, but may be justified if the benefit of the early information provided to expectant parents is judged worth the cost 
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Marteau TM.  Population screening for cystic fibrosis: a research agenda for the next 10 years.  American Journal of Medical Genetics.  93(3):205-6, 2000 Jul 31.

Massie RJ.  Olsen M.  Glazner J.  Robertson CF.  Francis I.  Newborn screening for cystic fibrosis in Victoria: 10 years' experience (1989-1998).  Medical Journal of Australia.  172(12):584-7, 2000 Jun 19.

     Abstract:  OBJECTIVE: To review the effectiveness of statewide newborn screening for cystic fibrosis (CF) in Victoria over the first 10 years of the program (1989-1998). DESIGN: Population study involving screening of newborns by immunoreactive trypsinogen (IRT) testing on Day 3-5, followed by either repeat IRT testing (1989-1990) or delta F508 mutation analysis (1991-1998). PATIENTS AND SETTING: All babies screened for CF in a newborn screening program in Victoria in 1989-1998. MAIN OUTCOME MEASURE: The diagnosis of CF. RESULTS: Of 635,157 babies born in Victoria in the 10 years, 191 were diagnosed with CF. A further 30 cases were detected antenatally, giving an incidence of 1/2874 (95% CI, 1/2519-1/3294). CF was detected early in 182 babies (95.3% of affected babies in the screened cohort)--136 by screening, 35 because they had meconium ileus, and 11 because they were siblings of older children with CF. Nine cases of CF were missed by screening. Of these nine babies, four did not have an elevated neonatal IRT level, one had a normal IRT level at repeat testing at 4-6 weeks (1989-1990), three did not have a delta F508 mutation (1991-1998), and one had a false negative sweat test result. Six of the nine missed babies (67%) were diagnosed within four months of birth. CONCLUSION: Newborn screening for CF in Victoria has proven effective in detecting most babies with CF in the newborn period. However, a sweat test should be requested when the clinical features suggest the diagnosis of CF, even if the child has been screened.

Merelle ME.  Lees CM.  Nagelkerke AF.  Dezateux C.  Newborn screening for cystic fibrosis.   Cochrane Database of Systematic Reviews [computer file].  (2):CD001402, 2000.

     Abstract:  BACKGROUND: This review was performed to test the hypothesis that presymptomatic diagnosis, for example by newborn screening, and early treatment may prevent or reduce irreversible organ damage and thereby improve outcome and quality of life in patients with cystic fibrosis. OBJECTIVES: To determine whether there is evidence that early diagnosis of cystic fibrosis by means of neonatal screening, followed by current treatment, improves survival and long term morbidity, without unacceptable adverse effects. SEARCH STRATEGY: We searched the Cochrane Cystic Fibrosis and Genetic Disorders Trials Register. Additional studies were identified by one of the reviewers from handsearching conference proceedings not included in the Cochrane Register. Pharmaceutical companies manufacturing screening tests for cystic fibrosis were also contacted to identify any trials of neonatal screening for cystic fibrosis. Date of the most recent search of the Group's specialised register: November 1999. SELECTION CRITERIA: All randomised or pseudorandomised controlled trials, published and unpublished, comparing screening followed by early treatment to clinical diagnosis and later treatment in patients with cystic fibrosis. DATA COLLECTION AND ANALYSIS: Four reviewers independently assessed trial eligibility and methodological quality and two of these reviewers independently extracted data. MAIN RESULTS: Two trials involving a total of 1,124,483 neonates met inclusion criteria. A total of 210 patients with cystic fibrosis aged from zero to 11 years with a maximum follow-up of eleven years are included. Concealment of allocation was unclear in both studies. Sequence generation was adequate in one study and unclear in the other. Method to ascertain cases was similar in one study and not similar in the other. An intention-to-screen-analysis was possible in one study, but could not be made due to lack of data and was not performed in the other. Differences in study design, variation in outcomes reported and their summary measures precluded calculation of pooled screening estimates. Only data from one study could be analysed in this review. This study reported a reduced risk of weight and height below the fifth percentile among screened patients (odds ratio control compared with screened group for: weight 6.16, 95% Confidence Interval (CI) 2.44, 15.57 and height 5.03, 95% CI 1. 63, 15.63). Adverse effects among parents in the screened and control populations were examined, but it is difficult to assess how meaningful these results are as the timing of the administration of the questionnaire to each group was not clear. Estimation of direct medical costs of screening suggested it was cheaper to diagnose cystic fibrosis by screening rather than other methods. The costing methods used however were not fully described and costs have not been related to effect. REVIEWER'S CONCLUSIONS: There are few randomised controlled trials assessing the effectiveness of neonatal screening in cystic fibrosis. From the data available at this time, there is little evidence suggesting benefit from screening for cystic fibrosis in the neonatal period, although there is similarly little evidence of harm. This systematic review has identified the need for individual patient data from both included studies. Although we have not been able to perform a meta-analysis, this review provides a summary of all the information currently available from randomised controlled trials on the effectiveness of neonatal screening for cystic fibrosis. [References: 12]
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Tluczek A, Mischler EH, Farrell PM, et al. Parents' knowledge of neonatal screening and response to false-positive cystic fibrosis testing. J Dev Behav Pediatr 1992;13:181-186.

     Abstract: Neonatal screening for cystic fibrosis (CF) has become feasible through analyzing dried blood specimens for immunoreactive trypsinogen (IRT), but the benefits and risks of such a screening program remain to be delineated. This study, a survey of the parents of 104 Wisconsin infants with false-positive IRT tests, showed parents had knowledge deficits about neonatal screening in general, misconceptions about test results, and high levels of anxiety. Parenting behaviors were reportedly unchanged during the usual 3-day waiting period between the news of the abnormal screening test and the diagnostic sweat test. Most, but not all, parents were relieved by negative sweat test results subsequent to the abnormal IRT test. Factors associated with continued parental concern included having less than a high school education and/or having an infant with low Apgar scores. Additionally, those contacted by telephone were more likely to have misinformation and lingering concerns about the presence of CF in their child

Wagener, J. S., P. M. Farrell, et al. (2001). "A debate on why my state (province) should or should not conduct newborn screening for cystic fibrosis (14th Annual North American Cystic Fibrosis Conference)." Pediatr Pulmonol 32(5): 385-96.

Wheeler, P. G., R. Smith, et al. (2001). "Genetic counseling after implementation of statewide cystic fibrosis newborn screening: Two years' experience in one medical center." Genet Med 3(6): 411-5.


PURPOSE: To study the follow-up of genetic counseling performed in families with a newborn detected with one cystic fibrosis (CF) mutation in a statewide newborn screening pilot program. METHODS: Newborns in Massachusetts with an elevated trypsinogen level on newborn screen who are found to have one mutation for CF on a selected mutation assay undergo sweat testing for CF, and their families receive genetic counseling. The genetic counseling focuses on carrier risk for the parents of the newborn and offers carrier testing. We studied the yield of genetic counseling and the resulting genetic testing performed on the families of infants found to be CF carriers who underwent sweat testing in a single institution. RESULTS: Of 102 newborns evaluated with a single CF mutation, 2 (twins) had sweat test results consistent with CF. A total of 101 families were counseled, and 95 were offered DNA-based CF carrier testing. Eighty-two percent of all parents chose to have CF carrier testing, and in five couples, both members were carriers. One of these couples (whose newborn was only a carrier) had an older child who was unexpectedly found to have CF. CONCLUSIONS: Sweat testing of newborns at increased risk for CF in conjunction with genetic counseling for their parents allows identification of infants with CF, finds couples at high risk for having a child with CF, identifies previously undiagnosed siblings with CF, and allows for potential identification of CF carriers in the extended family.

Wilcken B, Chalmers G. Reduced morbidity in patients with cystic fibrosis detected by neonatal screening. Lancet 1985; 2(8468):1319-1321. 

     Abstract: The effects of neonatal diagnostic screening on cystic-fibrosis (CF) - related morbidity were evaluated by comparing hospital admissions for CF-related illness in the first 2 years of life in 40 patients detected by means of neonatal screening and 56 patients born in the 3 years before screening began. Unscreened patients without meconium ileus had a mean of 27.25 hospital days for CF-related illness, and screened patients a mean of 3.9 days. There was no trend with time towards fewer days spent in hospital: the change was sudden. The difference was significant and could not be attributed to noncomparability of groups, changes in admission policy, or changes in management. In patients with meconium ileus there was no significant difference in hospital admissions between the groups. Neonatal screening significantly reduces CF morbidity in the first 2 years of life 
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Wilfond BS, Fost N. The cystic fibrosis gene: medical and social implications for heterozygote detection [see comments]. JAMA 1990; 263(20):2777-2783.

     Abstract: The primary goal of mass screening programs for cystic fibrosis carriers should be to allow people to make more informed reproductive decisions. However, previous experience with genetic screening programs, including those for phenylketonuria and sickle cell disease, have revealed complex problems including error, confusion, and stigmatization. These problems could be greater with cystic fibrosis, since more than 8 million Americans may be carriers and entrepreneurial interests can be expected to promote screening in what could become a billion-dollar industry. The present frequency of the detectable mutation (delta F508), 75%, will complicate the counseling process. The sensitivity of the test to detect at-risk couples would be 56%. The cost of screening could be as much as $2.2 million for each cystic fibrosis birth avoided. Regardless of improvements in the detection rate, implementation of population screening should be delayed until pilot studies that demonstrate its safety and effectiveness are completed. While studies are in progress, preconception testing should be offered to adult relatives of cystic fibrosis patients as part of a comprehensive program following institutional review board approval for "compassionate use." The purpose of such review should be to ensure that strict standards of informed  consent, education, quality control of the testing procedure, and counseling are followed. Primary care physicians who are unable to offer screening as part of such a comprehensive

program should refer high-risk patients who would like to consider being tested to  established centers
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Centers for Disease Control and Prevention.  Population-based prevalence of perinatal exposure to cocaine -- Georgia, 1994. MMWR Morb Mortal Wkly Rep. 1996; 45:887-891.

Galactosemia

Item, C., B. P. Hagerty, et al. (2002). "Mutations at the galactose-1-p-uridyltransferase gene in infants with a positive galactosemia newborn screening test." Pediatr Res 51(4): 511-6.


Newborn screening for galactosemia yields a high number of false-positive results. Confirmatory DNA testing for unknown galactosemia mutations on the initial positive sample using novel techniques of mutation detection tenders itself to reduce the recall rate. The potential benefits of confirmatory DNA testing, however, could be offset by the detection of a high percentage of galactosemia carriers, Duarte/galactosemia compound heterozygotes, and infants with benign sequence changes in the galactose-1-phosphate uridyltransferase (GALT) gene among infants with a positive biochemical screening test. Our aim was to determine the frequency and allelic distribution of all sequence changes in the GALT gene in 110 newborns with a positive total galactose screening test among 43,688 Austrian newborns screened consecutively. We found that only 20 of the 110 probands carried at least one known or novel candidate galactosemia mutation (one galactosemia homozygote, 7 Duarte/galactosemia compounds, 12 carriers) as judged by denaturing gradient gel electrophoresis and cleavage fragment length polymorphism analysis. Four novel galactosemia candidate mutations (Q9H, A46fsdelCAGCT, M129T, L342I) were identified. Sixty-seven probands had no detectable sequence changes and 23 carried only the benign Duarte or Los Angeles variant alleles or silent mutations. We conclude that a rapid and automatable confirmation test for unknown GALT mutations, e.g. on a high-density oligonucleotide array basis, has the potential to lower the recall rate of galactosemia screening in our population by about five-fold from 0.25 to 0.046%. Further research, however, will be required before the development of such a test can be advocated.

Radomyska B.  [Effectiveness of the screening programme for galactosemia. New strategy in Poland].  Medycyna Wieku Rozwojowego.  5(1):51-8, 2001 Jan-Mar.

     Abstract:  Galactosemia is an autosomal recessive disease related to deficiency of one of three different enzymes involved in the metabolism of galactose: galactokinase (GALK), galactoso-J-phosphate uridyltransferase (GALT) or UDP-galactose-4-epimerase (GALE). Classic galactosemia is due to GALT deficiency and is the most common. Longitudinal studies have shown that in spite of early diagnosis and early treatment of children with galactosemia detected in the mass screening programme, the results are poor and mental retardation as well as other complications are of similar severity as in children diagnosed clinically without screening. In many investigations it was also proved that some impairments developed already in the prenatal period. Therefore, many countries among them also Poland, stopped mass screening for galactosemia. At present, in Poland the procedure strategy in galactosemic children and their families include: diagnosis of new cases on the basis of clinical symptoms, selective screening in high-risk families, prophylactic lactose-free diet for mothers during pregnancy. Such management can help to prevent clinical manifestations in newborns and prevent death in the early period of life.
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(2001). "Newborn hearing screening: recommendations and rationale." Am Fam. Physician 64(12): 1995-9.

Abrams MJ, Pensak ML, Buhrer K. Perspectives on a state enacted hearing screening assessment program in the newborn population. Am J Otol 1997; 18:368-372.

     Abstract: OBJECTIVE: A review of the early performance of Ohio's statewide infant hearing

screening program was performed to provide insight as to the impact of the current medical and socioeconomic climate on its implementation.  BACKGROUND: In March 1988, the State of Ohio enacted a law that required universal screening of newborn children for hearing loss through a program known as the Infant Hearing Screening and Assessment Program (IHSAP). The program design consisted of a universally applied high-risk questionnaire followed by a screening auditory assessment for those who fail. Although the value of such a program engendered little early public debate, the institution of such a program represented a significant challenge from a public health perspective. STUDY DESIGN: The program performance was analyzed using data from the index population of 160,000 live births per annum and hospital surveys. RESULTS: The questionnaires were found to be failing twice the number of newborns as originally projected, whereas completion rates and compliance were excellent. The assessment arm was plagued with poor compliance rates and limited resources. Lack of resources for effective data management has prevented an accurate evaluation of the program's sensitivity and specificity. CONCLUSION: IHSAP performance is being hampered by poor assessment follow-up and resource limitations, both in terms of screening equipment and habilitative follow-up services for infants identified as hearing impaired. The reasons for these problems are discussed in relation to existing legislative guidelines and medicoeconomic realities

Bamford J, Davis A, Stevens J. Screening for congenital hearing impairment: time for a change. Arch Dis Child Fetal Neonatal Ed 1998; 79:F73-F76.

Bess FH, Paradise JL. Universal screening for infant hearing impairment: not simple, not risk- free, not necessarily beneficial, and not presently justified [see comments]. Pediatrics 1994; 93(2):330-334.

     Comments in: Pediatrics 1994 Dec;94(6 Pt 1):948-959; discussion 959-63

Bailey, H. D., C. Bower, et al. (2002). "Newborn hearing screening in Western Australia." Med J Aust 177(4): 180-5.


AIM: To report the preliminary findings of a pilot program to screen newborn babies for congenital bilateral permanent hearing loss. SETTING: The five largest maternity hospitals in Perth, Western Australia. Screening was gradually introduced over seven months from February to August 2000. PARTICIPANTS: All babies born at these hospitals after the introduction of hearing screening until 30 June 2001. METHODS: One or both of two automated screening devices were used: one measuring transient evoked otoacoustic emissions (TEOAE) and the other automated auditory brainstem responses (AABR). If a "pass" was not obtained in both ears, screening was repeated. All babies who did not obtain a pass in either ear at follow-up were referred for audiological assessment. MAIN OUTCOME MEASURES: Prevalence of permanent bilateral hearing loss. RESULTS: Of 13 214 eligible babies, 12 708 (96.2%) received screening. The main reason for missing screening was early hospital discharge (309; 2.3%). Of the screened babies, 99% had a pass response in both ears at either the initial or follow-up screen. Twenty-three babies were referred for audiological assessment, and nine were diagnosed with bilateral permanent hearing loss (0.68/1000; 95% CI, 0.31-1.28). CONCLUSIONS: Despite our program meeting process quality indicators, our detection rate was low. Before extending the program to smaller hospitals, we need to validate our screening instruments and put in place a system to monitor false negative results.

Blake PE, Hall JW, III. The status of state-wide policies for neonatal hearing screening. J Am Acad Audiol 1990; 1:67-74.

     Abstract: During the process of establishing followup procedures for our neonatal hearing program, we became interested in the current status of screening programs nationwide. Fifty states and the District of Columbia were surveyed to determine the extent and content of legislatively mandated neonatal hearing screening programs. Fourteen states have legislative mandates for screening and, at this point, approximately 50 percent of the states have no statewide policy regarding neonatal hearing screening. Among the various state-wide protocols two basic approaches emerged: (1) the high-risk register and (2) in-hospital screening.  In addition, information was obtained on screening methods, the level of program implementation, and some of the pros and cons for mandating neonatal hearing screening

Bluestone CD. Universal newborn screening for hearing loss: ideal vs. reality and the role of otolaryngologists. Otolaryngologists Head Neck Sur 1996;115:89-93. 

Brown J. Screening infants for hearing loss--an economic evaluation. J Epidemiol Community Health 1992; 46:350-356.

     Abstract: STUDY OBJECTIVE--The aim was to carry out an economic evaluation of the programme implemented in one district health authority for the screening of infants for hearing loss. DESIGN--The approach taken was a cost-effectiveness analysis using the methodology of decision analysis to model the options appraised: (1) the conventional screening policy was for a health visitor and colleague to screen at 8-9 months, and at 10 months for each child to be seen again by a clinical medical officer for a developmental assessment plus hearing screen if necessary; (2) the alternative policy was for screening to take place at 10 months only if concern is expressed (or if there is a clinical indication) at the developmental assessment; the introduction of a "clue list" was considered; (3) the third option was no screening. MAIN RESULTS--The annual expected cost per unit output was pounds 20.57 for the conventional screening policy, between pounds 11.13 and pounds 11.23 for the alternative policy, and pounds 11.27 for the third option of no screening.  Introducing the "clue list" under the alternative screening policy is likely to raise the cost per unit output, but the effects are uncertain.  CONCLUSIONS--The results suggest that the alternative screening policy is more cost-effective than the conventional policy, but has little advantage over not screening at all. The effects of introducing a clue list need further investigation

Committee on Infant Hearing, American Speech-Language-Hearing Association. Guidelines

for the audiologic assessment of children from birth through 36 months of age. ASHA Suppl 1991;(5):37-43.

Downs MP. Universal newborn hearing screening--the Colorado story. Int J Pediatr Otorhinolaryngol 1995; 32:257-259.

     Abstract: The Colorado State Public Health Department inaugurated a state-wide program of

universal newborn hearing screening in 1992. A preliminary report covers the screening of 14,494 infants. 95% passed the screening tests, 5% failed. Of the failures, 6% were found with confirmed hearing losses. The average cost per test was $25.00.  Research from the University of Colorado confirms that children receiving intervention by 3 months perform significantly higher at 40 months than those identified later 

Erenberg A, Lemons J, Sia C, Trunkel D, Ziring P. Newborn and infant hearing loss: detection and intervention. American Academy of Pediatrics. Task Force on Newborn and Infant Hearing, 1998- 1999. Pediatrics 1999; 103(2):527-530. 

     Abstract: This statement endorses the implementation of universal newborn hearing screening. In addition, the statement reviews the primary objectives, important components, and recommended screening parameters that characterize an effective universal newborn hearing screening program

Grandori, F., P. Sergi, et al. (2002). "Comparison of two methods of TEOAE recording in newborn hearing screening." Int J Audiol 41(5): 267-70.


This paper summarizes the results of trials performed in two hospitals, comparing the scoring of transient evoked otoacoustic emissions (TEOAEs) on the same neonates and within the same test session, recorded by the fully automatic device EchoScreen (Madsen Electronics/Fischer-Zoth GmbH) and ILO Otodynamics Ltd system. These trials form part of a larger project (Project Sentinel), whose primary aim is to stimulate the creation of new neonatal hearing screening programmes. Four thousand two hundred and forty-eight neonates were tested with both devices (8494 ears), in randomized order. The response scores obtained with the two devices are in full agreement in 98.72% of the tested ears. Considering the recording time, the fully automatic Echo Screen was, on average, about 3.6 times faster than the ILO88, bearing in mind, however, that when using ILO88, the end of the recording is decided by the operator on the basis of some mandatory decision rules.

Green GE.  Smith RJ.  Bent JP.  Cohn ES.  Genetic testing to identify deaf newborns.  JAMA.  284(10):1245, 2000 Sep 13.

Greville A. Identification of hearing loss in infants. N Z Med J 1996; 109:21-22.

Jacobson, G. P. (2001). "Universal newborn hearing loss: screening, identification, intervention." Am J Audiol 10(2): 52.

Jacobson JT. Issues in newborn ABR screening. J Am Acad Audiol 1990; 1(3):121-124.

     Abstract: The introduction of electrophysiologic measures has provided a renewed interest in the early identification of newborns and infants at risk for hearing loss. To date, 14 states have enacted mandatory legislation for newborn hearing screening, whereas other states have incorporated private and hospital-based programs. Although all state and local programs are inherently different, their common goal is to identify hearing loss as early as possible, and to provide appropriate management strategies in the rehabilitative process. While many technical and recording techniques have been established, there remain several unresolved problems associated with newborn screening programs. The purpose of this article is to bring to the forefront several issues of current concern. Major topic areas include screening versus diagnosis, program design, and stimulus variables. A final recommendation regarding the importance of follow-up services is reiterated 

Johnson, A. N. (2002). "Update on newborn hearing screening programs." Pediatr Nurs 28(3): 267-70.


As a result of legislation supporting the position statement of the American Academy of Pediatrics (AAP) Joint Committee on Hearing, newborn hearing screening programs have become a protocol of care in hospital nurseries throughout the United States. The current goals are to screen all infants by 1 month of age, confirm hearing loss with audiologic examination by 3 months of age, and treat with comprehensive early intervention services before 6 months of age. This article will review the development of the Joint Committee on Infant Hearing position statements, examine legislation and health policy initiatives for universal newborn hearing screening, and determine nursing's role in meeting the goals.

Johnson, J. L., Y. Weirather, et al. (2002). "Universal newborn hearing screening: a goal being achieved in Hawaii." Hawaii Med J 61(2): 26-30.


This article describes the importance of early identification of hearing loss in newborns, the current status of newborn hearing screening in the United States, and the leadership that Hawaii has contributed to that effort. Described are events that may help the nation reach the Year 2010 Health Goals for newborn hearing screening, identification, and intervention.

Knott, C. (2001). "Universal newborn hearing screening coming soon: "hear's" why." Neonatal Netw 20(8): 25-33.


Screening the hearing of all newborns, both NICU and well nursery, is rapidly becoming the standard of care. The impetus for universal newborn hearing screening (UNHS) has come from outside the domain of nursing and the newborn nursery. Because nursing will be involved in nearly all aspects of UNHS, nurses need a thorough knowledge base about permanent childhood hearing loss (PCHL) and UNHS. Technology exists today that can objectively and physiologically screen for this condition at a cost comparable to metabolic screening. PCHL occurs more than twice as often as all the hemoglobinopathies and inborn errors of metabolism combined. Undiagnosed hearing loss often leads to permanent developmental delays. The ultimate goal of early diagnosis and intervention for a congenital hearing loss is to enable the child to develop language and communication skills that correspond to his chronological age and innate cognitive abilities.

Lemons, J., A. Fanaroff, et al. (2002). "Newborn hearing screening: costs of establishing a program." J Perinatol 22(2): 120-4.


OBJECTIVE: To evaluate the costs and performance characteristics associated with the start-up phase of Universal Newborn Hearing Screening Programs, one utilizing automated auditory brainstem response (AABR) and the other using transient evoked otoacoustic emissions (TEOAE). STUDY DESIGN: Economic and performance data were collected at the initiation of both screening programs. Data were collected until 1500 newborn infants were screened or until a referral rate for further audiologic evaluation at hospital discharge of less than or equal to 5% was achieved. Data collected included screening pass/fail rates, referral rates and personnel, equipment, and supply utilization. Actual costs of personnel, equipment, and supplies were used. Statistical comparisons of proportions using z-statistic with the one-tailed test and an alpha of 0.01 were made. RESULTS: Screening in the AABR program was performed by neonatal nurses, whereas screening in the TEOAE program was performed by master's level audiologists. The average age at initial screen was 29 hours for TEOAE, and 9.5 hours for AABR. Eighty-four percent of infants was screened within 24 hours in the AABR program, in contrast to 35% in the TEOAE program. Throughout the duration of the study, the referral rate at hospital discharge remained approximately 15% for the TEOAE program. The AABR referral rate began at 8% and was less than 4% at the completion of the study. Pre-discharge total costs for initiating and establishing the programs were US$49,316 for TEOAE and US$47,553 for AABR. Cost per infant screened was US$32.23 and US$33.68, respectively. When post-discharge screening and diagnostic evaluation costs were included, the total cost per infant screened was US$58.07 for TEOAE and US$45.85 for AABR. CONCLUSION: AABR appears to be the preferred method for universal newborn hearing screening. AABR was associated with the lowest costs, achieved the lowest referral rates at hospital discharge, and had the quickest learning curve to achieve those rates.

Lin, H. C., M. T. Shu, et al. (2002). "A universal newborn hearing screening program in Taiwan." Int J Pediatr Otorhinolaryngol 63(3): 209-18.


OBJECTIVE: Mackay Memorial Hospital and the Children's Hearing Foundation established a pilot universal newborn hearing screening program in November 1998. Our objective was to assess the feasibility, accuracy and cost effectiveness of implementing universal newborn hearing screening in Taiwan. METHOD: Between November 1998 and October 2000 a total of 6765 newborns were screened for hearing loss prior to discharge from the wellborn nursery at Mackay Memorial Hospital. The average age of the subjects at the initial screening test was 52 h. The program employed a three stage hearing screening protocol using transient evoked otoacoustic emmisions (TEOAE) screening with referral for diagnostic auditory brainstem response assessment. RESULTS: The mean TEOAE screening time per ear was 41.43 s. The overall pass rate at the time of hospital discharge was 93.6%. Thus achieving an acceptable referral rate of 6.4% for diagnostic audiological assessments. Nine newborns were identified with permanent bilateral hearing impairment. 26 newborns were identified with permanent unilateral hearing impairment. Infants identified with bilateral hearing loss were immediately referred to the Children's Hearing Foundation for hearing aid assessment and fitting. Infants as young as 5 weeks of age were successfully fitted with hearing instruments and enrolled in the family centered early intervention program at the Children's Hearing Foundation. CONCLUSION: The frequency of bilateral congenital hearing loss requiring amplification in this population is shown to be approximately 1 in 752 newborns. This finding is consistent with previous research, which has indicated hearing loss to be the most frequently occurring birth defect. Universal newborn hearing screening using TEOAEs proved to be a cost effective and feasible method of identifying congenital hearing loss in Taiwan. The existence of many successful screening programs worldwide and the availability of fast, objective, reliable and inexpensive hearing screening procedures means that universal newborn hearing screening is becoming the standard of care.

Maxon AB, White KR, Behrens TR, Vohr BR.  Referral rates and cost efficiency in a universal newborn hearing screening program using transient evoked otoacoustic emissions. J Am Acad Audiol 1995; 6:271-277.

     Abstract: Recently, a National Institutes of Health Consensus Statement recommended that all infants be screened for hearing prior leaving the birthing hospital using a two-stage screening process based on transient evoked otoacoustic emissions (TEOAEs).  Although the value of identifying hearing loss before 1 year of age is widely recognized, the feasibility of universal newborn hearing screening using TEOAE is sometimes questioned because it is presumed that the technique has a high false positive rate and is not cost efficient. This paper presents new data for 4253 infants from an operational universal newborn hearing screening program using a TEOAE procedure that answers those arguments 

Mehl AL, Thomson V. Newborn hearing screening: the great omission. Pediatrics 1998; 101(1):E4.

     Abstract: OBJECTIVE: The advent of technologic improvements in assessing the hearing of newborn infants has made possible the implementation of universal newborn hearing screening. Furthermore, selective screening based on high-risk criteria fails to detect half of all infants with congenital hearing loss.  Although universal screening has been recommended by the National Institutes of Health and the Joint Committee on Infant Hearing Screening, data to support this recommendation have been incomplete, and the recommendation has been seen as without solid foundation by many in the pediatrics field. This study was designed to assess the feasibility, accuracy, and cost- effectiveness of a hospital-based hearing screening program for all newborns.  METHODOLOGY: Between 1992 and 1996, hospitals in Colorado with 100 or more births per year were targeted to participate in universal hearing screening of newborns. To date, 26 of 52 targeted hospitals, ranging in size from 40 to 3500 births per year, have implemented universal screening. A total of 41 796 infants were screened between 1992 and 1996. Screening was performed using automated auditory brainstem response, otoacoustic emission testing, or conventional auditory brainstem response, with follow-up testing performed on those infants who failed initial screening. RESULTS: Of 41 796 infants screened at birth, 2709 failed initial screening, and of 1296 who have completed reevaluation, 94 have been identified with congenital sensorineural hearing loss (75 bilateral) and an additional 32 identified with conductive hearing loss (14 bilateral). The frequency of bilateral congenital hearing loss requiring amplification therefore is shown to be at least 1 in every 500 newborns. During the study period, an additional 17 children with significant hearing loss not identified until >/=18 months of age were reported voluntarily; all 17 had been born at hospitals not participating in newborn hearing screening. The false-positive rate for the screening program to date in Colorado is calculated to be 6%, but evolving technology has resulted in improvements to as low as 2%. Positive predictive value of an abnormal screen result is shown to be at least 5%, and as high as 19%, with improving technology. The sensitivity of newborn screening is demonstrated to be at or near 100%. Costs of screening are compared with other screened congenital diseases; although the true cost per child for newborn hearing screening is significantly higher than screening tests performed on blood, the much higher incidence of congenital hearing loss results in a comparable cost per case diagnosed when compared with hypothyroidism or phenylketonuria, for example. The feasibility of early intervention is demonstrated, with amplification by the use of hearing aids being the catalyst for effective treatment.  Finally, the costs of screening and early intervention are compared with the monetary savings in avoiding delayed and therefore intensive therapy and intervention for children not diagnosed at birth. The true cost of screening for one newborn is shown to be between $18 and $33, with an average cost of $25 per infant. The cost per case of congenital hearing loss diagnosed is approximately $9600. A model for cost predictions and subsequent intervention savings is presented, and recovery of all screening costs is demonstrated after only 10 years of universal screening in Colorado. CONCLUSIONS: Universal newborn hearing screening is feasible, beneficial, and justified, as indicated by the frequency of the disease, the accuracy of screening tests, the ability to provide early intervention, the improved outcomes attributable to early amplification, and the recovery of all screening costs in the prevention of future intervention costs. Furthermore, the incidence of bilateral congenital hearing loss is alarming, and is, in fact, many times greater than the combined incidence of all newborn screening tests currently performed on blood samples

Mehl, A. L. and V. Thomson (2002). "The Colorado newborn hearing screening project, 1992-1999: on the threshold of effective population-based universal newborn hearing screening." Pediatrics 109(1): E7.


OBJECTIVE: Although previous studies have documented the feasibility and benefits of universal newborn hearing screening in selected hospitals, none have reviewed the effectiveness of regionally mandated participation of large numbers of hospitals with variable levels of motivation to succeed. The purpose of this study was to measure hospital participation and overall screening success in a statewide program for universal newborn hearing screening and to track improvements in program establishment and outpatient follow-up over time. METHODS: Four Colorado hospitals began voluntarily performing hearing screening before hospital discharge on all newborns in 1992. By 1996, 26 Colorado hospitals were participating in universal newborn hearing screening. The publication of screening results from these early years served as a catalyst for legislation requiring increased hospital participation in establishing universal screening programs. Data systems were subsequently developed to improve statistical tracking and follow-up. Eight years' worth of cumulative study data as well as the results from calendar year 1999 (the year of greatest hospital participation) were reviewed for collective measures of successful screening and follow-up. Three hospitals did not initiate newborn hearing screening programs until after the study period ended in 1999. Of the 57 hospitals that were screening newborns in 1999, the chosen method of screening at 52 hospitals was automated auditory brainstem response testing; 3 hospitals used otoacoustic emission testing, and the remaining 2 hospitals used 2-stage screening. Hearing loss was defined as a threshold of 35 decibels or greater in 1 or both ears at the time of confirmatory testing. RESULTS: During the full 8-year study period, 1992 to 1999, 148 240 newborns were screened. A total of 291 infants who were born during the study period received a diagnosis of congenital hearing loss. In this cohort of 291 children, the cumulative frequency of bilateral hearing loss was 71% (range: 48%-94% by calendar year), the frequency of sensorineural hearing loss was 82% (range: 67%-88%), and the frequency of 1 or more risk factors was 47% (range: 37%-61%). During calendar year 1999, a total of 63 590 births were recorded at 60 birthing hospitals in Colorado. The families of 263 (0.4%) of these newborns refused newborn hearing screening. Of the remaining 63 327 newborns, 87% (55 324 infants) were screened for hearing acuity before hospital discharge, a far greater percentage than the 19% of all newborns screened during the first 5 years of voluntary hospital participation, and approaching the American Academy of Pediatrics's recommendation of 95% of newborns completing hospital-based testing in a successful screening program. As a result of this statewide hearing screening program, congenital hearing loss was diagnosed in 86 Colorado newborns during 1999, representing an occurrence rate of approximately 1 affected child in every 650 newborns. In this group of 86 infants, 59 had bilateral sensorineural hearing loss, 17 had unilateral sensorineural hearing loss, 4 had bilateral conductive hearing loss, and 6 had unilateral conductive hearing loss. Mild hearing loss was present in 6 infants, moderate hearing loss was present in 42 infants, severe hearing loss was present in 33 infants, and profound hearing loss was present in the remaining 5 infants. Only 32 of the 86 affected newborns in 1999 had 1 or more risk factors for hearing loss subsequently identified. After failing an initial hospital-based screening at 1 of the 57 participating hospitals in 1999, 2.3% of infants screened (1283 newborns) were referred for follow-up testing, easily exceeding the standard of <4% recommended by the American Academy of Pediatrics. Similarly, the false-positive rate of 2.2% during 1999 exceeded the recommended standard of <3%. Of the infants who failed their initial screening, 76% (978 infants) had documented follow-up testing to confirm or exclude congenital hearing loss, a percentage significantly improved from a follow-up rate of 48% during the first 5 years of screening, although not yet achieving the standard of 95% recommended by the American Academy of Pediatrics. Nine participating hospitals, however, were able to document appropriate follow-up for 95% or more of the infants who failed their initial screening tests. The median age of diagnosis of congenital hearing loss during 1999 was 2.1 months; 71% of affected infants were identified by 3 months of age (the recommended standard for age of diagnosis), and 92% of affected newborns were identified by 5 months of age. Measures of screening success were compared for large, mid-sized, and small hospitals. Increasing hospital size, as measured by the number of births per year, was associated with an increasing percentage of newborns who were successfully screened. It was notable that smaller hospital size was associated with increased referral rates for follow-up testing, whereas larger hospital size was associated with the highest recapture rate for follow-up testing. CONCLUSIONS: Universal screening for congenital hearing loss is demonstrated to be feasible in a large regional effort of legislatively mandated participation. The success of such an endeavor is dependent on educational efforts for community professionals, commitment on the part of program planners, and data systems that more accurately track and recall infants who fail initial hospital-based screening.

Penn TO, Gibson B. Utilization of a questionnaire to provide follow-up services in an infant hearing screening program. J Am Acad Audiol 1994; 5:325-329.

     Abstract: An important goal of any neonatal hearing screening program is to provide adequate monitoring and follow-up services for all newborns tested. This is often the most difficult component of the program to administer. An attempt was made to obtain followup information through the use of a questionnaire modeled after Jacobson and Jacobson (1990). This questionnaire was administered by mail or telephone to 119 parents whose infants had passed a hearing screening as neonates in four hospitals. Forty-four percent of all parents contacted by either means responded to the questionnaire; however, response rates varied by as much as 36 percent, depending on the hospital in which a child was born. Our results suggest that the successful use of follow-up questionnaires depends greatly upon hospital demographics. When limitations are considered, however, they may provide an alternative to on-site follow-up services for infants who pass initial screening
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Shehata-Dieler, W. E., R. Dieler, et al. (2002). "[Universal newborn hearing screening program in Wurzburg. Experience with more than 4000 newborns and the influence of non-pathological factors on the test results]." Laryngorhinootologie 81(3): 204-10.


BACKGROUND: The BERAphon(R) method employing a special headphone and the time-course step-stimulus algorithm offers a quick and reliable tool for universal hearing screening in newborns. An ABR-based universal newborn hearing screening program has been established in Wurzburg since August, 1997. Until August 2001, 4115 newborns have undergone primary and/or control-screening with the BERAphon(R). The validity of this method was further examined by testing the effects of non-pathological factors such as gender, age, Apgar score, pH value of the umbilical cord, head circumference and duration of pregnancy on the ABR wave V latency in 415 infants. RESULTS: Out of 3930 infants who were primary screened, 27 infants were diagnosed to have hearing loss. Furthermore, hearing loss was detected in 35 out of 185 infants referred for control screening. Non-pathological factors showed a minor effect on the test results. Apgar score, gender or chronological age did not have any significant effects on the latency of wave V. Duration of pregnancy, pH value of the umbilical cord or head circumference showed a significant but weak correlation with wave V latency. CONCLUSIONS: Only non-pathological factors related to maturation had a minor effect on ABR measurements using the time-course-step-stimulus algorithm. The BERAphon(R) method has proven to be a reliable, robust method giving information related to the hearing threshold and accordingly can be used reliably for hearing screening in newborn infants.

Stewart DL, Pearlman A. Newborn hearing screening. J Ky Med Assoc 1994; 92:444-449.

     Abstract: Congenital deafness is a relatively common problem with an incidence of 1/300 to 1/1000. Most states have no mass screening program for hearing loss, but the state of Kentucky compiles a High Risk Registry which is a historical survey of parents relating to risk factors for hearing loss. Unfortunately this survey can miss 50% of those who have a hearing deficit. If not detected prior to discharge, there is often a delay in diagnosis of deafness which prevents early intervention. We report 2 years' experience at Kosair Children's Hospital where 1,987 infants admitted to well baby, intermediate, or intensive care nurseries were screened using the ALGO-1 screener (Natus Medical Inc, Foster City, CA) which is a modified auditory brain stem evoked response (ABR). Our screening of this  population led to an 11% incidence of referral for complete audiological evaluation. There were no significant complications. Forty-eight infants were found to have nonspecified, sensorineural, or conductive hearing loss. The positive predictive value of the test was 96%. Therefore, we feel that the use of the modified ABR in the newborn is a timely, cost efficient method of screening for hearing loss and should be used for mass screening of all newborns

Thompson, D. C., H. McPhillips, et al. (2001). "Universal newborn hearing screening: summary of evidence." Jama 286(16): 2000-10.


CONTEXT: Each year, approximately 5000 infants are born in the United States with moderate-to-profound, bilateral permanent hearing loss (PHL). Universal newborn hearing screening (UNHS) has been proposed as a means to speed diagnosis and treatment and thereby improve language outcomes in these children. OBJECTIVES: To identify strengths, weaknesses, and gaps in the evidence supporting UNHS and to compare the additional benefits and harms of UNHS with those of selective screening of high-risk newborns. DATA SOURCES: We searched the MEDLINE, CINAHL, and PsychINFO databases for relevant articles published from 1994 to August 2001, using terms for hearing disorders, infants or newborns, screening, and relevant treatments. We contacted experts and reviewed reference lists to identify additional articles, including those published before 1994. STUDY SELECTION: We included controlled and observational studies of (1) the accuracy, yield, and harms of screening using otoacoustic emissions (OAEs), auditory brainstem response (ABR), or both in the general newborn population and (2) the effects of screening or early identification and treatment on language outcomes. Of an original 340 articles identified, 19 articles, including 1 controlled trial, met these inclusion criteria. DATA EXTRACTION: Data on population, test performance, outcomes, and methodological quality were extracted by 2 authors (D.C.T., H.M.) using prespecified criteria developed by the US Preventive Services Task Force. We queried authors when information needed to assess study quality was missing. DATA SYNTHESIS: Good-quality studies show that from 2041 to 2794 low-risk and 86 to 208 high-risk newborns were screened to find 1 case of moderate-to-profound PHL. The best estimate of positive predictive value was 6.7%. Six percent to 15% of infants who are missed by the screening tests are subsequently diagnosed with bilateral PHL. In a trial of UNHS vs clinical screening at age 8 months, UNHS increased the proportion of infants with moderate-to-severe hearing loss diagnosed by age 10 months (57% vs 14%) but did not reduce the rate of diagnosis after age 18 months. No good-quality controlled study has compared UNHS with selective screening of high-risk newborns. In fair- to poor-quality cohort studies, intervention before age 6 months was associated with improved language and communication skills by ages 2 to 5 years. These studies had unclear criteria for selecting subjects, and none compared an inception cohort of low-risk newborns identified by screening with those identified in usual care, making it impossible to exclude selection bias as an explanation for the results. In a mathematical model based on the literature review, we estimated that extending screening to low-risk infants would detect 1 additional case before age 10 months for every 1441 low-risk infants screened, and result in treatment before 10 months of 1 additional case for every 2401 low-risk infants screened. With UNHS, 254 newborns would be referred for audiological evaluation because of false-positive second-stage screening test results vs 48 for selective screening. CONCLUSIONS: Modern screening tests for hearing impairment can improve identification of newborns with PHL, but the efficacy of UNHS to improve long-term language outcomes remains uncertain.

Vohr BR, et al. The Rhode Island hearing assessment program. RI Med. 1995; 78:11-13. 

Wake, M. A. (2002). "Newborn hearing screening: decision time for Australia." Med J Aust 177(4): 172-3.


Nationally coordinated, universal screening will allow prospective assessment of outcomes for hearing-impaired infants.

Weichbold, V. and K. Welzl-Mueller (2001). "Maternal concern about positive test results in universal newborn hearing screening." Pediatrics 108(5): 1111-6.


OBJECTIVE: A positive test result from universal newborn hearing screening (UNHS) has been suspected to cause maternal concern. However, findings so far are inconclusive. Against the background of a 2-stage UNHS protocol, we investigated the extent of maternal concern in 2 different situations: 1) mothers' immediate reactions after a positive result at the first-stage test and 2) maternal concern during a 1-month period while waiting for the infant's hearing assessment after the infant also failed the retest (ie, the screening). In addition, we checked whether mothers who are informed by an audiologist about the low predictive validity of positive test results in hearing screening are less concerned about a positive result than mothers who are not informed. METHODS: A prospective study was conducted over a 1-year period, in which all mothers whose infants tested positive in the first stage or failed the screening were questioned about their level of concern attributable to the positive test result. RESULTS: Of 85 mothers whose infants tested positive in the first-stage test (situation 1), 34 (40%) did not know the result. Of the remaining 51 mothers, 59% were not at all concerned and 27% were only slightly concerned about the result, whereas 14% stated that they were highly concerned. In an additional sample of 43 mothers whose infants failed the screening (situation 2), 42% reported not being worried and 37% only slightly worried, whereas 21% were highly concerned about the positive screening result. No effect of information about the low predictive validity of positive test results on the extent of maternal concern could be ascertained. CONCLUSIONS: The results of this study contradict the findings of some previous surveys that reported considerably higher levels of maternal concern after a positive test in UNHS. The failure to demonstrate the impact of information on maternal concern might be attributable to the fact that the number of uninformed mothers was too small to affect our results perceptibly.

Weirather YP, Korth N, White KR, et al. Cost analysis of TEOAE-based universal newborn hearing screening. J Commun Disord 1997; 30:477-492.

     Abstract: Although more and more hospitals are implementing universal newborn hearing screening programs, there is still very little information available about the costs of newborn hearing screening programs. The few articles which have been published evaluate technologies or protocols which are no longer used, are incomplete, or are based on hypothetical estimates of the costs and time necessary to do screening. After briefly reviewing the extant literature, this article describes a cost analysis of a TEOAE-based universal newborn hearing screening program. Reasons why the cost per baby ($7.42) is lower than in previous reports are explained, and the benefits of having accurate cost analysis data are summarized 

White KR, Maxon AB. Universal screening for infant hearing impairment: simple, beneficial, and presently justified. Int J Pediatr Otorhinolaryngol 1995; 32:201-211.

     Abstract: In a recent article, Bess and Paradise (Pediatrics 93 (1994) 330-334) rejected the

recommendation of the National Institutes of Health that all infants be screened for hearing loss on being released from their birthing hospital. This article responds to their objections with data from the literature and operational newborn hearing screening programs. These data show that universal newborn hearing screening is practicable, effective, cost efficient, and safe, and concludes that such programs should be implemented without further delay

Yoshinaga-Itano, C., D. Coulter, et al. (2001). "Developmental outcomes of children with hearing loss born in Colorado hospitals with and without universal newborn hearing screening programs." Semin Neonatol 6(6): 521-9.


The developmental outcomes of children born in hospitals with universal newborn hearing screening programs were compared with children born in hospitals without universal newborn hearing screening programs. Eight-four percent of children born in screening hospitals were early-identified with hearing loss prior to 6 months of age as compared to 8% of the children in the non-screen group. The participants in the screen group had an average language quotient of 82 while the participants in the non-screen group had an average language quotient of 62. Children in the screen group had better receptive and expressive language quotients, more different consonants in the spontaneous phonetic repertoire, better speech intelligibility, and larger expressive vocabulary inventories. Odds risk ratio estimates indicate that 80% of the children with cognitive quotients 80 or greater or four out of five children had language quotients within the normal range, 80 or greater, when they were in the screen group.

Yoshinaga-Itano, C. and J. S. Gravel (2001). "The evidence for universal newborn hearing screening." Am J Audiol 10(2): 62-4.

Zochodne, B., D. K. Brown, et al. (2001). "Universal newborn hearing screening programs." Can Nurse 97(4): 23-6.

Hemoglobinopathies

Almeida AM.  Henthorn JS.  Davies SC.  Neonatal screening for haemoglobinopathies: the results of a 10-year programme in an English Health Region.  British Journal of Haematology.  112(1):32-5, 2001 Jan.

     Abstract:  Neonatal identification of sickle cell disease can significantly reduce mortality and morbidity during the first 5 years of life. During a 10-year period, 414,801 neonates were screened by isoelectric focusing. The most common variants detected were haemoglobins S, C, D and E. Two hundred and fifty of the samples tested were homozygotes or compound heterozygotes, and 6554 samples were heterozygotes for the common variants. The gene frequencies in the population tested were calculated from this data for the most common variants. They were: S, 0.0057; C, 0.0014; D(Punjab(Los Angeles)), 0.0007; E, 0.0005. Additionally, 16 babies had beta thalassaemia major and 405 had rarer variants, of which six had never previously been described. Knowledge of the distribution of these inherited diseases is useful in healthcare planning and appropriate allocation of resources, while counselling targeted at appropriate couples enables informed parental choice and may prevent disease.

Anonymous.  From the Centers for Disease Control and Prevention. Update: newborn screening for sickle cell disease--California, Illinois, and New York, 1998.  JAMA.  284(11):1373-4, 2000 Sep 20.

Anonymous.  Update: newborn screening for sickle cell disease--California, Illinois, and New York, 1998.  MMWR - Morbidity & Mortality Weekly Report.  49(32):729-31, 2000 Aug 18.

     Abstract:  Sickle cell disease (SCD) is a common single-gene disorder that affects three of every 1000 black newborns and approximately 50,000 persons in the United States. Children affected with SCD are at increased risk for severe morbidity (e.g., severe hemolytic anemia, splenic dysfunction, pain crises, and bacterial infections) and mortality, especially during the first 3 years of life. In 1993, California, Illinois, and New York collectively accounted for approximately 20% of all births to blacks. All three states offer universal newborn screening for hemoglobinopathies. To assess the effectiveness of newborn screening programs for SCD and for receipt of and compliance with early medical interventions (e.g., penicillin prophylaxis and pneumococcal vaccination and other vaccination patterns), a 3-year collaborative follow-up study was conducted from 1995 through 1998 in California, Illinois, and New York. This report summarizes the results of this study, which demonstrate the difficulty in retrospectively finding children who were screened at birth so that data for evaluating program effectiveness can be assessed.

Atkin K, Ahmad WI. Genetic screening and haemoglobinopathies: ethics, politics and practice. Soc Sci Med 1998; 46:445-458.

     Abstract: The increasing availability of information on the human genetic makeup presents both individuals and society with difficult decisions. This paper explores the ethical and practical issues raised by genetic screening for sickle cell and thalassaemia major, by examining the emerging tension between allowing people to make informed choices, on the basis of genetic information, and prevention of haemoglobinopathies. Within this broad context, the paper also explores the more practical issues of providing genetic screening for haemoglobinopathies, such as the meaning of counselling and screening for the general population; the psychological and social implications for people identified as carriers; and the organisation and delivery of services. It concludes that screening is not always informed by a commitment to informed decision making 

Bergman AB. Is universal neonatal hemoglobinopathy screening cost-effective? Arch Pediatr Adolesc Med. 1995; 149:466-467.
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Cassetta RA. Sickle cell guidelines stress screening. Am Nurse 1993; 25:9. 

Davies SC.  Cronin E.  Gill M.  Greengross P.  Hickman M.  Normand C.  Screening for sickle cell disease and thalassaemia: a systematic review with supplementary research.  Health Technology Assessment (Rockville, Md).  4(3):i-v, 1-99, 2000.

France-Dawson M. Sickle cell disease: implications for nursing care. J Adv Nurs 1986; 11(6):729-737.

     Abstract: Abnormal haemoglobins produce a variety of anaemias which range in effect from being very mild to lethal. The most common of these are the sickle cell disorders and thalassaemias. In London, thalassaemia affects 3.5% of the Maltese population, 2.5% of the Italian population and 1.5% of the West Indian population respectively. Seventeen per cent of the Cypriot population carry a thalassaemia gene.  Sickle cell disease occurs in 500:100,000 people in Britain's black population but is not exclusive to people of Afro-Caribbean origin. The gene is carried by 1 in 10 people. Sickle cell disease is statistically more prevalent among the host population than isphenylketonuria (10- 12:100,000), hypothyroidism (20:100,000) and cystic fibrosis (62- 63:100,000) in the general population. Although these diseases are routinely screened for at birth, there is no general strategy among district health authorities for sickle cell screening. It has been shown that of 76 health districts with a 3+% ethnic minority population, 30 of which have an ethnic minority population of 'over 10%', only 6 have a comprehensive health care policy for people with sickle cell disease 

Gessner BD, Teutsch SM, Shaffer PA. A cost effectiveness evaluation of newborn hemoglobinopathy screening from the perspective of state health care systems. Early Hum Dev 1996; 45(3):257-275.

     Abstract: OBJECTIVE: To determine the most cost effective strategy for newborn hemoglobinopathy screening from the perspective of state health care systems. STUDY DESIGN: Using Alaska as an example, we used decision analysis to compare a policy of no screening to universal or targeted screening with selective follow-up only of infants who are homozygous or compound heterozygous for an abnormal hemoglobin variant and to universal or targeted screening with complete follow-up, including follow-up of infants with clinically insignificant traits. Probabilities and costs were varied over values that might be expected for other states. RESULTS: Among the selective follow-up options, targeted screening would be the most cost effective strategy for Alaska at a cost of $206,192 per death averted; by contrast, universal screening would prevent 50% more deaths at an incremental cost of $2,040,000 per death averted. Universal would be more cost-effective than targeted screening for several scenarios expected to occur in other states, including a high sickle cell disease prevalence, a low screening test cost, and a high cost per screen associated with racial targeting. Among the complete follow-up options, both targeted and universal screening would cost at least $200,000 per death averted over the range of all variables tested during sensitivity analysis; the incremental cost of universal versus targeted screening would be at least $600,000 per death averted. CONCLUSIONS: Our data suggest each state should determine the most costeffective option based on state- specific values for sickle cell disease prevalence, test costs and racial targeting costs 

Joiner CH.  Universal newborn screening for hemoglobinopathies. [letter; comment]. Journal of Pediatrics.  136(2):145-6, 2000 Feb.

     Comment on: J Pediatr. 2000 Feb;136(2):201-8, Comment on: J Pediatr. 2000 Feb;136(2):248-50

Karnon J.  Zeuner D.  Ades AE.  Efimba W.  Brown J.  Yardumian A.  The effects of neonatal screening for sickle cell disorders on lifetime treatment costs and early deaths avoided: a modelling approach.  Journal of Public Health Medicine.  22(4):500-11, 2000 Dec.

     Abstract:  BACKGROUND: The aim of the study was to calculate the cost to the UK National Health Service of providing treatment services for patients with sickle cell disorders. The rates of differential morbidity and mortality, in the first 10 years of life, between screen-detected early diagnosed and clinically presenting late diagnosed cohorts of sickle cell disorder patients are also estimated. METHOD: A cost model was developed, based on predictions of survival and the incidence of sickle cell disorder-related events. Direct data from the NHS are lacking, so data were incorporated from disparate sources. Patients with sickle cell disorders were divided into two categories: those with sickle cell anaemia and those with sickle HbC disease. RESULTS: Differentiating between sickle cell anaemia and sickle HbC disorder patients, the results show that the undiscounted (discounted at 6 per cent) lifetime treatment costs range from pound sterling 92323 (pound sterling 24917) to pound sterling 185614 (pound sterling 53861). The number of early deaths avoided per 100 births, as a result of early diagnosis through screening, ranges from 0.57 to 1.25. CONCLUSIONS: The resulting estimates may act as a guide to those involved in the planning of health care provision with regard to the resources required to treat sickle cell disorder patients. Such information may also be incorporated into the evaluation of both antenatal and neonatal screening programmes for sickle cell disorders.

Lane PA, Eckman JR. Cost-effectiveness of neonatal screening for sickle cell disease [letter; comment]. J Pediatr 1992; 120:162-163.

     Comment on: J Pediatr 1991 Apr;118(4 Pt1):546-54

Lane PA. Genetic disorders: sickle cell disease as a model. In: Lane PA, editor. 1998 Medical and Health Annual. Chicago, IL: Encyclopaedia Britannica, Inc., 1997: 168-664.

Lees CM.  Davies S.  Dezateux C.  Neonatal screening for sickle cell disease.  Cochrane Database of Systematic Reviews [computer file].  (2):CD001913, 2000.

     Abstract:  BACKGROUND: Sickle cell disease is an inherited disorder that occurs throughout the world with its highest incidence in areas of Africa where malaria is endemic. It affects up to one in 60 infants born in some areas of Africa. There are a number of potentially serious complications associated with the condition, and it is suggested that early treatment (before symptoms develop) can improve both morbidity and mortality. Screening for the condition in the neonatal period would enable early diagnosis and therefore early treatment. OBJECTIVES: To assess whether there is evidence that neonatal screening for sickle cell disease rather than symptomatic diagnosis reduces adverse short and long term outcomes for those in whom the disease is detected, without adverse outcomes in the population screened. SEARCH STRATEGY: We searched the Controlled Trials Register of the Cochrane Cystic Fibrosis and Genetic Disorders Group (See Group search strategy). Contact was made with experts in the field for any work as yet unpublished and reference lists of published studies were also searched. Date of the most recent search of the Group's specialised register: November 1999. SELECTION CRITERIA: Any randomised or pseudorandomised trial, published or unpublished comparing diagnosis by screening to clinical diagnosis would have been considered eligible for inclusion. DATA COLLECTION AND ANALYSIS: No trials of neonatal screening for sickle cell disease were found. MAIN RESULTS: No trials of neonatal screening for sickle cell disease were found. REVIEWER'S CONCLUSIONS: There is a lack of evidence from trials of neonatal screening for sickle cell disease. There is evidence of benefit from early treatment which is made possible by screening and there are a number of reviews and economic analyses of non-trial literature suggesting that screening is appropriate. Health care providers must therefore assess whether the information provided by these documents is relevant to their practice and situation when making decisions regarding neonatal screening for sickle cell disease. Systematic reviews of early treatments/interventions, including penicillin prophylaxis, pneumococcal vaccine and parental education should be considered. [References: 0]

Logan J.  Haemoglobinopathy screening can be carried out in general practice. [letter; comment]. BMJ.  320(7248):1542-3, 2000 Jun 3.

     Comment on: BMJ. 2000 Feb 5;320(7231):337-41

Panepinto JA.  Magid D.  Rewers MJ.  Lane PA.  Universal versus targeted screening of infants for sickle cell disease: a cost-effectiveness analysis. Journal of Pediatrics.  136(2):201-8, 2000 Feb.

     Comment in: J Pediatr. 2000 Feb;136(2):145-6

     Abstract:  OBJECTIVE: To compare the health outcomes, costs, and incremental cost-effectiveness of universal neonatal screening for sickle cell disease (SCD) with screening targeted to African Americans. STUDY DESIGN: A cost-effectiveness analysis was done by using a Markov simulation model that considered the costs and outcomes associated with the prevention and treatment of sepsis in those with sickle cell anemia and sickle beta(0)-thalassemia. Three strategies were compared: (1) no screening, (2) targeted screening of African Americans, and (3) universal screening for SCD. RESULTS: In the base case analysis, targeted screening of African Americans compared with no screening cost $6709 per additional year of life saved, and universal screening compared with targeted screening cost $30,760 per additional year of life saved. In a sensitivity analysis, the cost per additional year of life saved with universal screening compared with targeted screening was positively correlated with the delivery rate of targeted screening and was inversely related to the proportion of African Americans in the population. CONCLUSIONS: Targeted screening of African American newborns for SCD compared with no screening is always cost-effective. Universal screening compared with targeted screening always identifies more infants with disease, prevents more deaths, and is cost-effective given certain delivery rates for targeted screening and proportions of African Americans in the population.

Phoenix DD, Lybrook SM, Trottier RW, et al. Sickle cell screening policies as portent: how will the human genome project affect public sector genetic services? J Natl Med Assoc 1995; 87:807-812.

     Abstract: The Human Genome Project holds much promise for providing dramatic improvements in our understanding of and means to diagnose and treat many diseases. As this enormously important endeavor proceeds, research on ethical, legal, and social implications of this new science is being conducted to forecast problems and recommend policy option solutions to avoid what might otherwise become adverse consequences. Sickle cell screening is an example of a technology that was introduced in a manner that raised poignant issues. On the basis of sickle cell issues, we examined policy issues likely to occur as new genetic technologies are incorporated into medical practice. Discussion and development of a national consensus on the appropriate content and just delivery of public sector genetic services is vital; otherwise, the impact of Human Genome Project derived technology may result in misadventures that amplify problems currently evident in newborn

screening programs. New DNA-based diagnostic technologies and therapies will soon enter the stream of commerce. The recommendations offered here, while based on examination of sickle cell disease policies, are intended to address both current inequities as well as potential future issues related to stigmatization and distributive justice 

Reed W.  Lane PA.  Lorey F.  Bojanowski J.  Glass M.  Louie RR.  Lubin BH.  Vichinsky EP.

Sickle-cell disease not identified by newborn screening because of prior transfusion. [see comments]. Journal of Pediatrics.  136(2):248-50, 2000 Feb.

     Comment in: J Pediatr. 2000 Feb;136(2):145-6

     Abstract:  Erythrocyte transfusion can impair detection of sickle-cell disease, galactosemia, or biotinidase deficiency with newborn screening. We report on 4 infants with SCD in whom delayed diagnosis was associated with neonatal transfusion. In 2 cases, the initial newborn screening showed no hemoglobin S. In no case was the recommended screening >/=120 days from the last transfusion obtained. Two children had significant SCD-related morbidity before diagnosis.

Rucknagel DL. A decade of screening in the hemoglobinopathies: is a national program to prevent sickle cell anemia possible? Am J Pediatr Hematol Oncol 1983; 5:373-377.

     Abstract: The increased attention given to sickle cell anemia for the past decade has enhanced public and professional understanding of the disease. The need to counsel a large segment of the general public has resulted in the production of a large amount of informative educational material on the subject. Despite the large amount of effort expended in population screening and counseling, very few studies of the counseling process have been done. It is still not known whether people use the knowledge gained for decisions regarding their reproduction. The development of direct antenatal diagnosis of sickle cell anemia by restriction endonuclease analysis of DNA from amniocytes now makes it possible to make the diagnosis as early as 17 weeks of gestation; use of chorionic villi as a source of DNA may advance the age of allowable diagnosis to 8 weeks. A model program being initiated in Michigan in which screening and counseling is being incorporated into the delivery of obstetrical care is described. Neutral counseling free of coercion will be given. Widespread acceptance of prenatal diagnosis may make general population and newborn sickle cell screening obsolete. Although many women seek obstetrical care too late in pregnancy to avail themselves of the procedure, its availability may have the effect of inducing them to seek care earlier in gestation, thereby improving other aspects of prenatal care. Although many women may currently reject prenatal diagnosis, in time it promises to blunt significantly the effect of sickle cell anemia on public health as well as assure that no couple at risk need have an affected child

Scriver CR, Bardanis M, Cartier L, et al. Beta-thalassemia disease prevention: genetic medicine applied. Am J Hum Genet 1984; 36:1024-1038.

     Abstract: We report here an evaluation of a program for thalassemia-disease prevention, comprising education, population screening for heterozygotes, and reproductive counseling; the evaluation includes cost analysis. A preprogram survey in 1978 of 3,247 citizens in the high-risk communities (85% were high-school students) showed that 88% favored a program but that only 31% considered fetal diagnosis as an acceptable option. Screening in high school or before marriage was preferred by 56%. In a 25-month period (December 1979-December 1982), we screened 6,748 persons, including 5,117 senior high school students, using MCV/HbA2 indices. The participation rate was 80% in the high- school group. The frequency for beta-thalassemia heterozygosity was 4.7% with 10-fold variation among ethnic groups at risk; the overall frequency for all variants found was 5.4%. We surveyed 60 carriers and 120 noncarriers after screening high-school students (response rate 77%): most carriers told parents (95%) and friends (67%) the test result; and 38% of the carriers' parents (vs. 18% of the noncarriers' parents) were also screened. Carriers would ascertain their spouses' genotype (91%) and approved uniformly (95%) the high-school screening experience and its goal. We performed 11 fetal diagnoses in a 25-month interval (greater than 75% participation in target population) either by fetoscopy and globin-chain analysis or by amniocentesis and genomic DNA analysis; two of three affected fetuses were aborted at parental request, there was one spontaneous abortion (after fetoscopy), and seven live births. The at-risk couples claimed pregnancy would not be contemplated without the fetal-diagnosis option. We analyzed economic costs of the program: cost per case prevented is approximately equal to $ 6,700, slightly less than cost-per-patient-treatment-year or about 4% of undiscounted treatment cost incurred in the first 25 years of life for an affected individual. These findings indicate: collective acceptance of the program, appropriate attitudes among carriers, general acceptance and efficacy of fetal diagnosis, and global cost- effectiveness 

Selekman J. Update: new guidelines for the treatment of infants with sickle cell disease. Agency for Health Care Policy and Research. Pediatr Nurs 1993; 19:600-605.

     Abstract: These clinical practice guidelines set forth a comprehensive program for  identifying, diagnosing, and treating newborns and infants with sickle cell disease and recommend education and counseling strategies for their parents. Sickle cell disease comprises a group of genetic disorders characterized by the production of hemoglobin S, anemia, and acute and chronic tissue damage secondary to the blockage of blood flow by abnormally shaped red cells. Sickle cell anemia is the most common form of the disease, and it affects approximately 1 in 375 African- American infants. Although in the United States sickle cell disease is most commonly found in persons of African ancestry, it also affects other populations. The panel recommends screening of all newborns for sickle cell disease, since targeting specific groups will miss some infected infants. Samples of dried blood on filter paper or liquid blood samples should be used for hemoglobinopathy screening. Hemoglobin electrophoresis, isoelectric focusing, and high performance liquid chromatography are acceptable, reliable, and accurate testing methods. Infants identified on initial screening must be retested to establish a definitive diagnosis. Affected infants must be given twice-daily oral penicillin beginning at 2 months of age to reduce pneumococcal, conjugated Haemophilus influenzae, and hepatitis B vaccines. Infants with sickle cell disease require the same well-child care as infants without the disease. Education and nondirective genetic counseling should be offered to all parents of infants with sickle cell disease. The guidelines stress the need for a comprehensive and fully integrated approach to reduce morbidity and mortality from sickle cell disease. (ABSTRACT TRUNCATED AT 250 WORDS)

Serjeant GR.  Screening for sickle-cell disease in Brazil.  Lancet.  356(9224):168-9, 2000 Jul 8.

Tsevat J, Wong JB, Pauker SG, Steinberg MH. Neonatal screening for sickle cell disease: a cost effectiveness analysis. J Pediatr 1991; 118:546-554.

     Abstract: PURPOSE: To determine the cost effectiveness of screening newborn infants for sickle cell disease. DESIGN: We developed a decision model that examined two strategies: (1) screening neonates and administering penicillin to infants found to have sickle cell disease in the hope of preventing pneumococcal sepsis, and (2) not screening but administering penicillin to infants after symptoms of sickle cell disease develop. The model calculates the cost-effectiveness of these strategies during the first 3 years of life. We applied the model to three prototypic populations of neonates--black, nonblack with a relatively high prevalence of hemoglobin S genes, and nonblack with a low prevalence of hemoglobin S genes. DATA IDENTIFICATION: We obtained from the published literature the effectiveness and risk of penicillin prophylaxis, the risk of pneumococcal sepsis, and the probability that in infants not screened the development of symptoms would lead to the discovery of sickle cell disease within the first 3 years of life; we used the published literature and the Hardy-Weinberg law to determine the prevalence of sickle cell disease. We used actual variable costs of screening, antibiotic prophylaxis, and hospitalization for pneumococcal sepsis or anaphylaxis. RESULTS: Screening and then treating affected black infants costs only $3100 more per life saved than not screening. Screening nonblack populations with a high prevalence of hemoglobin S genes would cost $1.4 million per life saved, and screening low prevalence populations would cost $450 billion per life saved. CONCLUSIONS: Screening black infants is very worthwhile, but screening populations in which the hemoglobin S gene is rare is unjustified 

     Comment in: J Pediatr 1992 Jan;120(1):162-3

Warren NS, Carter TP, Humbert JR, Rowley PT. Newborn screening for hemoglobinopathies in New York State: experience of physicians and parents of affected children. J Pediatr 1982; 100:373-377. 

     Abstract: Responses of physicians and parents to New York State-mandated newborn screening for sickle cell disease were solicited and evaluated. The index group comprised 25 infants born in western upstate New York. Each was found to have either sickle cell disease, hemoglobin SC disease, sickle beta-thalassemia, or hemoglobin C disease. In nondirective interviews the following factors were assessed: clinical course, the physician's policies of disease treatment and family counseling, the parents' reactions to the diagnosis and their level of understanding and compliance with medical recommendations, and the physicians' and parents' views on newborn screening. Newborn screening for sickle hemoglobin makes early prophylaxis and prompt treatment possible. Some morbidity may have been averted, judging from parental understanding of medical needs. Parents and physicians agreed that newborn screening for hemoglobinopathies is a valuable public health program. Suggestions for improving the New York state program included a need to increase communication among the screening laboratory, the hospital, and the physician; encouraging physicians to educate parents more fully, provide genetic counseling, and test parents and siblings of the identified neonate; and, most important, provide a well-delineated mechanism for follow-up of every infant with a potentially symptomatic hemoglobinopathy 

HIV

Bayer R. Clinical progress and the future of HIV exceptionalism. Arch Intern Med 1999;

159(10):1042-1048.

     Abstract: In the 18 years since the first cases of the acquired immunodeficiency syndrome (AIDS) were reported by the Centers for Disease Control and Prevention (CDC), the epidemic has undergone profound transformations, and so, too, has the sociomedical context within which public health policy is fashioned and implemented. The early years of neglect and panic were also characterized by relative therapeutic impotence and deep uncertainty about the epidemiological course the new threat would take. In the United States and in other economically advanced nations, the threat of contracting the human immunodeficiency virus (HIV) has abated. The incidence of infection has declined, and the prevalence of infection has stabilized and, in some instances, begun to fall. The pattern of HIV spread, where it has continued, has been dramatically circumscribed to marginalized populations. The panic of the mid-1980s has passed, and in many nations, AIDS has lost its salience as a public issue. A sense of therapeutic impotence no longer prevails, and a new mood of triumphalism has taken hold. How have these crucial changes affected AIDS policies in America?

Bellisario R.  Colinas RJ.  Pass KA.  Simultaneous measurement of antibodies to three HIV-1 antigens in newborn dried blood-spot specimens using a multiplexed microsphere-based immunoassay.  Early Human Development.  64(1):21-5, 2001 Aug.

     Abstract:  We developed a fluorescent immunoassay to simultaneously measure antibodies to three HIV-1 antigens from newborn dried blood-spot specimens. The multiplexed assay uses fluorescent microspheres and a flow analyzer. The procedure is sensitive, precise and accurate, and can be expanded to simultaneously measure additional multiple analytes from a single specimen.

Berger JT, Rosner F, Farnsworth P. The ethics of mandatory HIV testing in newborns [see comments].  J Clin Ethics 1996; 7(1):77-84.

     Comment in: J Clin Ethics 1996 Spring;7(1):85-6

     Comment in: J Clin Ethics 1996 Spring;7(1):87-9

Birkhead GS.  Chang HG.  Smith PF.  Warren BL.  Glaros R.  Pass KA.  Debuono BA.  Consented testing of newborns and childbearing women for human immunodeficiency virus through a newborn metabolic screening program.  American Journal of Obstetrics & Gynecology.  183(1):245-51, 2000 Jul.

     Abstract:  OBJECTIVE: In this program a postpartum woman could consent to receive her newborn's human immunodeficiency virus test result from the New York State Newborn Screening Program. STUDY DESIGN: By state regulation each postpartum woman was counseled and offered her newborn's human immunodeficiency virus test result. With the mother's consent, newborn human immunodeficiency virus antibody test results from the Newborn Screening Program were sent to the baby's pediatrician; otherwise, test results were blinded. Data were analyzed for births from August 1, 1996, to January 31, 1997. RESULTS: Overall, 92.5% of women offered newborn human immunodeficiency virus testing consented to receive the result. Among 444 human immunodeficiency virus-positive women offered newborn testing, consented testing resulted in a 21.4% increase in knowledge of human immunodeficiency virus status from 72.3% (n = 321) at delivery to 93.7% (n = 416) after newborn testing; 6.3% (n = 28) of human immunodeficiency virus-positive women delivered of infants who did not consent apparently remained unaware of their human immunodeficiency virus status. CONCLUSION: Combined prenatal and consented newborn testing identified 94% of human immunodeficiency virus-positive mothers and exposed newborns, allowing early entry into care. Such testing may provide an opportunity for women not previously tested for the human immunodeficiency virus to learn their status but is not a substitute for universal prenatal human immunodeficiency virus counseling and consented human immunodeficiency virus testing.

Canosa CA, Grady GF, Cabello ML, Comeau AM, Schwerzler ME, Contreras MT et al. Anonymous testing of newborn infants for HIV antibodies as a basis for estimating  prevalence of HIV in childbearing women: the 1991-1994 study in Spain.  Acta Paediatr Suppl 1997; 421:67-71.

     Abstract: During 1991-1994, anonymous screening of newborn infants for maternal antibody to human immunodeficiency virus (HIV) was carried out in three regions of Spain: Valencia, Galicia and Sevilla.  The newborn infants whose heel-stick blood eluates were satisfactory for HIV antibody tests were a consecutive series of 104 876, representing 99.3% of all newborn infants undergoing routine metabolic screening and estimated as comprising at least 98% of all births in the three regions. Enzyme immunoassay (EIA) positives were confirmed by immunoblot, yielding 246 confirmations: a rate of 2.3 per 1000. Seropositivity rates ranged from 1.4 per 1000 in Galicia to 2.1 in Sevilla and 3.1 in Valencia, and remained relatively stable in each region during the years of the study. Within socioeconomically defined subgroups of birth hospitals in Valencia and Galicia, all subgroups contained seropositives, even though there was a twofold to fivefold overrepresentation in the "inner city" public hospitals. To estimate the proportion of HIV-1- seropositive newborn infants who were positive for HIV-1 DNA, polymerase chain reaction (PCR) assays were performed on 165 dried blood spots that had been retained following positive immunoblot assays. Fifteen (9%) were PCR positive, and when this proportion is adjusted for the age-specific sensitivity of the method, it translates into an estimated HIV-1 transmission rate of 24% (range 18-36%). For 94,906 of the 104,876 newborn infants screened, the EIA used could detect antibodies that react with epitopes of HIV-1 and HIV-2. There were 30 newborn infants whose blood eluate was positive by this combined HIV-1/HIV-2 antibody screen and whose secondary screening with monovalent HIV-2 and HIV-1 EIA indicated that the HIV-2 reactivity was above the cutoff whereas the HIV-1 was not. Ranking these 30 results according to absolute HIV-2 reactivity and relative reactivity with respect to HIV-1 indicated that four infants were probable true HIV-2 seropositives and a total of 12 were possible HIV-2 seropositives, a prevalence of the order of 1:10000 to 1:20000 newborn infants. These anonymous population-based serological studies provide "leading- indicator" data to complement traditional AIDS surveillance for epidemiological and planning purposes

Crawford C. Protecting the weakest link: a proposal for universal, unblinded pediatric HIV testing, counselling and treatment. J Community Health 1995; 20:125-141.

     Abstract: This paper argues that a system of unblinded, universal testing, counseling and

treatment for pediatric HIV should be implemented immediately in New York State. First, it argues that New York's health and social services bureaucracies, in conjunction with special interests that do not represent the interests of children, have resisted efforts to have infants tested and treated for HIV.  Second, the paper suggests that the campaign against universal infant screening and treatment reflects our society's continuing, calculated decision to ignore the complexity of the HIV/AIDS epidemic. Third, the paper outlines a plan for a prompt and comprehensive system of HIV testing, counseling and treatment for infants and children, as well as for their parents and families, who are HIV-positive. In the process of articulating the above positions, the paper documents the failure of universal blinded infant HIV screening in New York since 1987. It further explores the inadequacies of the proposed efforts by state and city regulatory authorities to improve the testing and counseling available for pediatric HIV. Although encouraged by New York State's recent move aggressively to test and treat HIV-positive infants and children in foster care, the paper argues that this effort must be expanded to apply to the entire newborn population. Finally, the paper examines in detail the limitations of testing and counseling provided to children in the foster care system 

Etzioni A. HIV testing of infants: privacy and public health. Health Aff (Millwood) 1998; 17:170-183.

Getchell JP, Hausler WJ, Jr., Ramirez MT, Susanin JM. HIV screening of newborns. Biochem Med Metab Biol 1993; 49:143-148.

     Abstract: Iowa has participated in the national survey for the prevalence of HIV infection in childbearing women since July of 1989. As of February 1992, blinded testing for antibodies to HIV has been performed on blood spot specimens from 100,717 newborns. Of this number, 14 were confirmed as positive by Western blot. In the Iowa survey the prevalence of HIV infection in childbearing women was 0.14/1000 or 1/7000. This is similar to the prevalence that was observed for PKU in newborns during this time period. However, assuming only 30% of mothers transmit HIV to their babies, the predicted prevalence of HIV infection in Iowa newborns is 1/23,000. Certainly HIV disease is a public health concern with a frequency in Iowa mothers similar to that of other diseases screened for in the Iowa program. HIV meets the remaining WHO criteria for newborn screening, as well: the HIV screening test is simple and reliable and has a low incidence of false-positive and false-negative results; confirmatory testing, counseling, and medical care are available; the quality and length of life of affected individuals are improved by treatment; and data show that early diagnosis and treatment result in a cost advantage to society. The major obstacle to the addition of HIV testing to a newborn screening program is obtaining informed consent without jeopardizing program effectiveness 

Minkoff H, Willoughby A. Pediatric HIV disease, zidovudine in pregnancy, and unblinding heelstick surveys. Reframing the debate on prenatal HIV testing. JAMA 1995; 274:1165-1168.

     Comment in: JAMA 1996 Feb 7;275(5):357-8

U.S.Public Health Service. Ryan White Care Act requirement--Secretary's determination on HIV testing of newborns--CDC. Notice and request for comments. Fed Regist 1998; 63(216 Pt 1):60351-60352.

     Abstract: Section 2626 of P.L. 104-146 (42 U.S.C. 300ff-34), the "Ryan White CARE Act Amendments of 1996", includes a requirement for the Secretary of HHS to make a determination whether a set of activities prescribed in section 2627 of the Public Health Service (PHS) Act (42 U.S.C. 300ff- 35), have become routine practice in the United states. In making this determination, the Secretary is required to consult with the States and other public or private entities that have knowledge or expertise relevant to the determination. The purpose of this notice is to request comments from States and such other public or private entities with knowledge or  expertise relevant to the practice of activities (1) through (4) in section 2627 of the PHS Act (42 U.S.C. 300ff-35). After consideration of comments submitted the CDC will provide a summary of comments received to the Secretary as part of the process leading to the Secretary's determination required by Section 2626 of the PHS Act (42 U.S.C. 300ff-34) 

MCADD

Grosse S.  Screening for medium chain acyl-CoA dehydrogenase deficiency is being evaluated.  BMJ.  322(7293):1062, 2001 Apr 28.

Poplawski NK, Ranieri E, Harrison JR, Fleischer JM. Multiple acylcoenzyme A dehydrodogenase deficiency: diagnosis by acyl-carnitine analysis of a 12-year-old newborn screening card. Pediatrics 1999;134:764-766.

Rhoades E.  King P.  Public health explores expanding newborn screening for cystic fibrosis, congenital adrenal hyperplasia, and medium-chain acyl coenzyme A dehydrogenase deficiency (MCAD).  Journal - Oklahoma State Medical Association.  94(4):129-32, 2001 Apr. (See abstract in Research/New Technology)

Phenylketonuria

Annas GJ. Mandatory PKU screening: the other side of the looking glass. Am J Public Health 1982; 72(12):1401-1403.

     Abstract: The challenge that PKU screening programs face is to be effective without sacrificing individual liberty. Most states have assumed that this is impossible, and have enacted mandatory PKU screening tests. It now appears that in fact voluntary screening for PKU can be effective. Accordingly, it seems appropriate to reexamine existing mandatory screening statutes to determine if we can replace government coercion with voluntary informed consent. Focus should be placed on the proper role of the government in screening, and on improving the consent process, and not on those few couples who withhold consent

Chace DH, Sherwin JE, Hillman SL, Lorey F, Cunningham GC. Use of phenylalanine-to-tyrosine ratio determined by tandem mass spectrometry to improve newborn screening for phenylketonuria of early discharge specimens collected in the first 24 hours. Clin Chem 1998; 44:2405-2409.

     Abstract: We compared the screening interpretation of fluorometric analytical results for phenylketonuria (PKU) with tandem mass spectrometry (MS/MS) in filter paper blood spots collected from newborns <24 h of age. In MS/MS, both Phe and Tyr are quantified. Two hundred and eight blood spots collected from infants <24 h of age were retrieved from storage from the California newborn screening program. These samples had been categorized on the basis of fluorometric analysis as initial negative, initial positive for hyperphenylalaninemia with negative determination on recall, or initial positive for hyperphenylalaninemia and confirmed on follow up as PKU or variant hyperphenylalaninemia. The retrieved samples were analyzed in a blinded fashion using MS/MS. Correlation analysis of fluorometry vs MS/MS for Phe concentration was high, with a Pearson correlation coefficient of 0.817. When 180 micromol/L was used as the cutoff Phe concentration for MS/MS and 258 micromol/L was used as the cutoff for fluorometry, all infants with confirmed classical PKU and variant hyperphenylalaninemia were detected. MS/MS analysis reduced the number of false-positive results from 91 to 3. Simultaneous quantification of Phe and Tyr by MS/MS with the use of a cutoff Phe/Tyr molar ratio of 2.5 further reduced the number of false positives to 1. Samples from affected infants showed a discernible trend of increasing Phe concentration and Phe/Tyr molar ratio with age of collection. These results demonstrate the utility of MS/MS in the routine PKU screening of early-discharge newborns. MS/MS reduces the false positive rate of fluorometric screening almost 100-fold because of the improved accuracy and precision of Phe measurement and simultaneous confirmation with the Phe/Tyr molar ratio. In addition to the detection of PKU, MS/MS can also detect other aminoacidopathies and disorders of fatty acid and organic acid metabolism with lower false-positive rates than other methods currently used in newborn screening programs

     Comment in: Clin Chem 1998 Dec;44(12):2401-2

Dhondt JL, Farriaux JP, Sailly JC, Lebrun T. Economic evaluation of cost-benefit ratio of neonatal screening procedure for phenylketonuria and hypothyroidism. J Inherit Metab Dis 1991; 14:633-639.

(See abstract in Newborn Screening Costs/Financing)

Guthrie R, Susi A. A simple phenylalanine method for detecting phenylketonuria in large populations of newborn infants. Pediatrics 1963; 32:343.

     Abstract: The inhibition of growth of Bacillus subtilis ATCC 6051 by B-2-thienylalanine in a minimal culture medium is prevented by phenylalanine, phenylpyruvic acid, and phenyllactic acid. This finding has permitted the development of a convenient agar diffusion microbial assay for phenylketonuria (PKU), employing small filter paper discs, impregnated with blood or urine, placed upon the surface of the agar culture medium. The method was first used in screening an institution for mental retardates and detected 21 cases of PKU among 3,118 residents; 4 more than were detected by simultaneous ferric chloride testing of urine specimens. This assay has been used successfully in the determination of blood phenylalanine levels during low-phenylalanine diet treatment of 22 patients with phenylketonuria (PKU) at this hospital by Dr. Robert Warner during the past 5 years. More recently, the method has been adapted for testing newborn infants before leaving the hospital, as described below.

Hellekson KL.  National Institutes of Health.  NIH consensus statement on phenylketonuria.  American Family Physician.  63(7):1430-2, 2001 Apr 1.

Medical Research Council SCftMDPR. Routine neonatal screening for phenylketonuria in the United Kingdom 1964-78. Br Med J (Clin Res Ed) 1981; 282(6277):1680-1684.

     Abstract: From 1964 to 1968, despite a general policy of routine neonatal screening for phenylketonuria that was usually carried out using the Phenistix nappy test, half to one-quarter of all cases reported to the register had been missed in the screening programme and had not been detected before the age of 4 months.  In about two-thirds of the "missed" cases no screening test had been carried out, and in one-third a urine test had been performed but had given a false negative result. In 1968-9 the screening programme was reorganised according to recommendations made in a Government circular (HM (69) 72), which proposed that a specimen of blood should be obtained by heel prick from all newborn infants between the 6th and 14th day of life and be tested in a central laboratory for the presence of raised blood phenylalanine concentrations. The senior medical officers of the various regions were made responsible for ensuring that all infants were tested. By 1974 only 1 to 2% of surviving infants were not being tested for phenylketonuria in the neonatal period, and only five of the 357 cases born between 1974 and 1978 and notified to the register had been diagnosed after the age of 3 months 

Ozalp I.  Coskun T.  Tokatli A.  Kalkanoglu HS.  Dursun A.  Tokol S.  Koksal G.  Ozguc M.  Kose R.  Newborn PKU screening in Turkey: at present and organization for future.  Turkish Journal of Pediatrics.  43(2):97-101, 2001 Apr-Jun.

     Abstract:  At present, pkenylketonuria screening is a national child health program in Turkey which is carried out collaboratively by the Ministry of Health and three University Children's Hospitals in Ankara, Istanbul and Izmir. Since 1986 the number of cities included in the screening program has gradually increased, now and it covers all the metropolises the country. A total of 383 babies were found with persistent hyperphenylalaninemia (1:4,172) among 1,605,582 babies screened by the Guthrie test at the Hacettepe Screening Center in Ankara. By taking into account pretreatment phenylalanine levels and phenlyalanine tolerances at five years of age, the numbers of classical and mild-moderate phenylketonuria and mild hyperphenylalaninemia cases were 216, 102 and 58, respectively. The major problems encountered in the screening program and in management of the detected cases were unsatisfactory sample collection, early discharge from maternity hospitals, difficulties in reaching some detected cases, and noncompliance with dietary therapy due to illiterate parents or to lack of social insurance. To screen and treat all newborns for phenylketonuria and to include at least hypothyroidism in the screening program, there is a need for a more disciplinary intersectoral approach than exists at present.

Paul D. Contesting consent: the challenge to compulsory neonatal screening for PKU. Perspect Biol Med 1999; 42(2):207-219.

Phenylketonuria (PKU):  Screening and Management.  NIH Consensus Statement.  2000 October 16-18; 17(3): 1-33.

Simpson N, Randall R, Lenton S, Walker S. Audit of neonatal screening programme for phenylketonuria and congenital hypothyroidism. Arch Dis Child Fetal Neonatal Ed 1997; 77:F228-F234. 

     Abstract: The performance of the neonatal screening programme was audited against clinical standards in the Bath clinical area from 1 April 1994 to 31 March 1996. The standards and policy were agreed by local service provider representatives of the screening and were audited, using laboratory and child health computer systems and medical records. Two annual reports were produced with recommendations for improvement communicated to representatives of the service. Thus the first audit loop has been completed. The audit shows that the coverage of the service is excellent, with all eligible babies being offered screening; those with congenital hypothyroidism or phenylketonuria receive appropriate treatment by the 28 day standard. The process works extremely well, although areas for improvement have been identified, to increase the efficiency of the service. It is concluded that an effective and efficient audit cycle can be established, to monitor and improve the performance of the neonatal screening service 

Sinai LN, Kim SC, Casey R, Pinto-Martin JA. Phenylketonuria screening: effect of early newborn discharge. Pediatrics 1995; 96:605-608. 

     Abstract: OBJECTIVE. To determine the percentage of term newborns discharged by 24 hours of life and the actions taken by physicians and institutions to avoid false-negative phenylketonuria (PKU) screens in these infants. DESIGN. Descriptive cross-sectional survey. PARTICIPANTS. One hundred forty term nurseries and 157 pediatricians. SELECTION PROCEDURE. Stratified sampling techniques were used to sample nurseries from the 1992 American Hospital Association guide to provide equal representation of each region of the country. Pediatricians were systematically sampled from a national list of practicing pediatricians supplied by Ross Laboratories to provide equal sampling from each state. RESULTS. The response rates were 95% (n = 133) for term nurseries and 83% (n = 131) for pediatricians. Twenty-four percent of healthy newborns are discharged by 24 hours of life. Ninetythree percent of nurseries screen all infants for PKU before discharge. In states without laws mandating rescreening, only 48% of institutions that discharge the majority of their infants (> 50%) by 24 hours of life rescreen. Also, in states without rescreening laws, 64% of pediatricians rescreen. The timing of this repeat screen ranges from less than 72 hours of life to 4 weeks. Determining which infants to rescreen varies by practitioner; some rescreen all infants, whereas others rescreen those discharged early. Just more than half of all pediatricians, whether practicing in a state requiring repeat PKU screening, claim to be familiar with the American Academy of Pediatrics recommendations regarding repeated PKU screening of infants discharged by 24 hours of life. CONCLUSION. Twenty-four percent of term newborns in the United States are discharged by 24 hours of life. Most hospitals screen all infants for PKU before discharge regardless of age. The majority of states do not mandate rescreening; rescreening policies among pediatricians and institutions in those states vary widely. A significant number of infants do not receive repeated screening and are therefore at risk for delayed or missed diagnosis of PKU because of insensitive initial screens. Pediatrician awareness of the need to perform repeated PKU screens on infants discharged by 24 hours is poor 
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Bessieres MH.  Berrebi A.  Rolland M.  Bloom MC.  Roques C.  Cassaing S.  Courjault C.  Seguela JP.  Neonatal screening for congenital toxoplasmosis in a cohort of 165 women infected during pregnancy and influence of in utero treatment on the results of neonatal tests.  European Journal of Obstetrics, Gynecology, & Reproductive Biology.  94(1):37-45, 2001 Jan.

     Abstract:  The aim of this study was to determine the performances of methods used for the neonatal diagnosis of congenital toxoplasmosis. We included 165 pregnant women infected during pregnancy over a 10-year period. Fifty-seven cases of congenital toxoplasmosis were demonstrated (34.5%). Neonatal diagnosis gave positive results in 50 cases (88%). Parasites were isolated from placenta or cord blood in 61% of the infected newborns, more frequently from placenta (60%) than from cord blood (43%). This method was the only criterion of infection in 18% of these infected infants. The detection of specific IgM and IgA antibodies performed on 42 sera of infected infants allowed the diagnosis of congenital infection in 34 cases (81%). IgA antibodies were more frequently detected (60%) than specific IgM (50%). Neonatal and prenatal screening were carried out for 143 pregnant women. This combination diagnosed 39 of 40 infected infants (98%). Prenatal diagnosis identified 30 of 40 cases (75%). Nine cases were diagnosed through neonatal screening and one case with the postnatal follow-up. When prenatal diagnosis was positive, pyrimethamine and sulfadoxine were administered to the mothers (25 cases) in addition to spiramycin. Toxoplasma gondii was less frequently isolated in the placenta and the cord blood of these women (32% and 19%, respectively) than in women treated by spiramycin alone (83% and 63%) proving the antiparasitic action of these drugs. In conclusion, neonatal screening combining parasite detection in placenta and immunological methods on cord blood is essential particularly when prenatal diagnosis is negative. Therefore, when this diagnosis is positive, a treatment with pyrimethamine and sulfamide can be started in the first month of life.

Gietung JT, Rosendahl K, Sudmann E, et al. Costeffectiveness of ultrasonographic screening for congenital hip dysplasia in new-borns. International Skeletal Society 1996; 25:251-254.

Halwachs-Baumann G.  Genser B.  Danda M.  Engele H.  Rosegger H.  Folsch B.  Maurer U.  Lackner H.  Truschnig-Wilders M.  Screening and diagnosis of congenital cytomegalovirus infection: a 5-y study.  Scandinavian Journal of Infectious Diseases.  32(2):137-42, 2000.

     Abstract:  Although cytomegalovirus infection is the most common infection transmitted via the placenta, there are no guidelines for routine screening to detect children congenitally infected with cytomegalovirus. From 1993 to 1997, maternal serum and cord vein blood of newborns was screened for HCMV-IgM (n = 21,183). Urine was examined for HCMV-excretion during the first postnatal week to prove HCMV infection in children who expressed HCMV-IgM in cord vein blood (n = 13) or who were born to mothers positive for HCMV-IgM in the serum (n = 234), or when both cord vein blood and maternal serum were positive for HCMV-IgM (n = 6). Congenital HCMV infection was detected in 17 newborns. To determine the incidence of congenital HCMV infection, only those mother/child pairs were selected in whom serum and cord vein blood were investigated (n = 5967 mother/child pairs). In this group 13 newborns were infected. The observed incidence for congenital HCMV infection is 0.21%. It is concluded that that this screening programme will detect those children at risk for congenital HCMV infection. These children have to be examined for virus excretion in the urine. Although the observed incidence is only 0.21%, congenital HCMV infection is a problem that can no longer be neglected because of its long-term sequelae.

Jara, M., H. W. Hsu, et al. (2001). "Epidemiology of congenital toxoplasmosis identified by population-based newborn screening in Massachusetts." Pediatr Infect Dis J 20(12): 1132-5.


BACKGROUND: Fourteen years of newborn screening in Massachusetts for congenital toxoplasmosis infection identified subpopulations that appeared to have higher rates of infection. Elaborating an epidemiologic profile and risk correlates might aid implementing targeted prenatal education and newborn screening strategies with the goal of early postnatal treatment to prevent morbidity. OBJECTIVE: To describe the epidemiology of congenital toxoplasmosis in Massachusetts and risk correlates of infection using birth certificate data. METHODS: A case-control study was conducted based on Massachusetts birth certificate data. Cases were all infants with congenital toxoplasmosis identified by statewide universal newborn screening from 1988 to 1999. Controls were all children born on the same day as those infants in Massachusetts. RESULTS: Factors that strongly predicted congenital toxoplasmosis infection were mother's country of birth outside the US (especially the southeast Asian refugee origin countries of Cambodia and Laos), mother's educational level and higher gravidity. CONCLUSIONS: More extensive, culturally and linguistically appropriate, prenatal education is needed for pregnant women, regardless of a mother's educational level, especially for non-US-born mothers, and not focused only on primiparous women. Other states may be able to use their state-specific birth certificate data to compare risk profiles with those of Massachusetts to guide a toxoplasmosis screening policy on the basis of population similarities and differences.

Johnson, A. N. (2002). "Update on newborn hearing screening programs." Pediatr Nurs 28(3): 267-70.


As a result of legislation supporting the position statement of the American Academy of Pediatrics (AAP) Joint Committee on Hearing, newborn hearing screening programs have become a protocol of care in hospital nurseries throughout the United States. The current goals are to screen all infants by 1 month of age, confirm hearing loss with audiologic examination by 3 months of age, and treat with comprehensive early intervention services before 6 months of age. This article will review the development of the Joint Committee on Infant Hearing position statements, examine legislation and health policy initiatives for universal newborn hearing screening, and determine nursing's role in meeting the goals.
Mushtaq I, Logan S, Morris M, Johnson AW, Wade AM, Kelly D et al. Screening of newborn infants for cholestatic hepatobiliary disease with tandem mass spectrometry. BMJ 1999; 319:471-477.  (See abstract in Research/New Technology)

Nelkin D. The social dynamics of genetic testing: the case of Fragile-X. Med Anthropol Q 1996:10:537-550.

     Abstract: This article considers a program to screen school children for Fragile- X Syndrome as a way to explore several features of the growing practice of genetic testing in American society. These include the common practice of predictive testing in nonclinical settings; the economic, entrepreneurial, and policy interests that are driving the development of genetic screening programs; and the public support for genetic testing even when there are no  effective therapeutic interventions. Drawing from research on popular images of genetics, I argue that cultural beliefs and expectations, widely conveyed through popular narratives, are encouraging the search for diagnostic information and enhancing the appeal of genetic explanations for a growing range of conditions 

Newell ML, Thorne C, Pembrey L, et al. Antenatal screening for hepatitis B infection and syphilis in the UK. Br J Obstet Gynaecol 1999; 106:66-71.

     Abstract: OBJECTIVES: To assess antenatal hepatitis B and syphilis screening policies in the UK. DESIGN: Postal questionnaire survey. SETTING: One hundred and ninety-two obstetric units and 116 Public Health directorates. MAIN OUTCOME MEASURES: Antenatal screening policy and line of responsibility for ensuring vaccine uptake in hepatitis B virus exposed children. RESULTS: Replies were received from 140 (73%) obstetric centres and 99 (85%) Public Health directors. Forty per cent of obstetric centres now offer hepatitis B virus tests to all pregnant women, and nearly one-quarter (24.1%) of all births in the UK in 1996 occurred in centres with a universal testing policy. The prevalence of chronic hepatitis B virus ranged from 0.3 to 17.5 per 1000 deliveries. Universal antenatal screening for serological evidence of syphilis was the norm, but five obstetric centres respondents and three Public Health directors were considering its discontinuation.  In the nine London centres, syphilis prevalence was 2.06 per 1000 pregnant women, compared with 0.24 per 1000 elsewhere. Responses from Public Health directors indicated the nonspecific nature of the antenatal care contract. Responsibility for hepatitis B virus vaccination of the newly born infant rests with the hospital paediatrician, with transfer of responsibility to the community usually occurring through a discharge letter. Only two areas had a monitoring system to ensure full hepatitis B virus vaccination coverage of exposed infants. CONCLUSIONS: If antenatal screening policies are to be equitable there is a need for a clear national  policy, and systems need to be established to monitor local policy and practice 

Parsons, E. P., A. J. Clarke, et al. (2002). "Newborn screening for Duchenne muscular dystrophy: a psychosocial study." Arch Dis Child Fetal Neonatal Ed 86(2): F91-5.


OBJECTIVE: To evaluate the psychosocial implications of newborn screening for Duchenne muscular dystrophy. DESIGN: Prospective psychosocial assessment. SETTING: Primary care. RESPONDENTS: Study: (a) families of an affected boy identified by screening (n = 20); (b) families of a boy with a transient screening abnormality (n = 18). Control: (a) families of a boy with a later clinical diagnosis (n = 16); (b) random sample of mothers of boys aged 6-9 months (n = 43). INTERVENTIONS: Questionnaires and semistructured interviews. MAIN OUTCOME MEASURES: Attitudes to newborn screening and impact of screening on mother-baby relationship, anxiety/wellbeing, and reproductive patterning within families of an affected boy. RESULTS: Most families of an affected boy were in favour of newborn screening on the grounds of reproductive choice and time to prepare emotionally and practically. There was no evidence of any long term disruption to the mother-baby relationship. Anxiety levels for the screened group were slightly above threshold but returned to normal during the period of the study. There was no evidence, from anxiety or wellbeing scores, that the transient group had suffered any disadvantage. Although the profile of the screened and later clinically diagnosed cohorts was similar after diagnosis, when boys from the screened cohort were 4 years old and more socially aware, their profile was more positive. There was evidence that reproductive patterning had been modified, and four fetuses carrying a mutation causing Duchenne muscular dystrophy were terminated. CONCLUSION: A case can be made for newborn screening provided that the test is optional, a rigorous protocol for service delivery is used, and an infrastructure providing continuing support is in place.

Paul M.  Petersen E.  Pawlowski ZS.  Szczapa J.  Neonatal screening for congenital toxoplasmosis in the Pozna&#x0144; region of Poland by analysis of Toxoplasma gondii-specific IgM antibodies eluted from filter paper blood spots.  Pediatric Infectious Disease Journal.  19(1):30-6, 2000 Jan.

     Abstract:  OBJECTIVES: The aims of the study were to determine the prevalence of congenital toxoplasmosis at birth in the Pozna&#x0144; region of Poland, the value of the serologic examination of filter paper blood specimens collected from newborns for the diagnosis of congenital Toxoplasma infection and the duration of anti-Toxoplasma-specific IgM antibodies in infants' sera. MATERIALS AND METHODS: All neonates born in the maternity wards of the University Hospital of Gynaecology and Obstetrics in Pozna&#x0144; and in 10 selected obstetrics wards in the district hospitals were included. Blood samples were collected on filter paper cards, between the first and sixth day of life, screened for anti-Toxoplasma-specific IgM antibodies by an immunocapture enzyme-linked immunosorbent assay and if positive further analyzed for specific IgG and IgA antibodies. RESULTS: Between June, 1996, and October, 1998, filter paper samples from 27,516 liveborn infants were tested, which constituted approximately 75% of all births and 83% of liveborn neonates from the Pozna&#x0144; region. Anti-T. gondii-specific IgM antibodies were found in 13 newborns, equivalent to a prevalence of Toxoplasma-specific IgM in newborns of 1 per 2,117 liveborn children (0.47 per 1,000) or 1 per 870 children (1.15 per 1,000) born to seronegative women at risk of primary T. gondii infection during pregnancy. We identified two congenitally infected infants who were IgM-negative at birth, had a classic triad of clinical symptoms during the first year of life and had high levels of specific IgG. The birth prevalence of congenital toxoplasmosis in the Pozna&#x0144; region was at least 1 per 1,834 live births (0.55 per 1,000) or 1 per 754 live neonates born to seronegative women (1.33 per 1,000). The sensitivity of the IgM assay on eluate from filter paper was not more than 86.7%, and the mean duration of IgM detectable by enzyme-linked immunosorbent assay in serum samples was the first 4.8 weeks of life. CONCLUSION: In Poland the screening for congenital toxoplasmosis detecting one case per each 2,000 live births could be considered for inclusion in existing national neonatal screening programs for phenylketonuria and congenital hypothyroidism.

Reclos GJ.  Hatzidakis CJ.  Schulpis KH.  Glucose-6-phosphate dehydrogenase deficiency neonatal screening: preliminary evidence that a high percentage of partially deficient female neonates are missed during routine screening.  Journal of Medical Screening.  7(1):46-51, 2000.

     Abstract:  OBJECTIVES: To provide preliminary evidence that the currently employed semiquantitative method of screening for glucose-6-phosphate dehydrogenase (G6PD) deficiency can only detect infants who are totally deficient for G6PD and misses all cases of partial G6PD deficiency. SETTING: General population: 2150 randomly selected blood samples from the Blood Donation Department, Speliopouleion General Hospital, Athens, Greece. Neonate population: 2000 samples from neonates (50% male; 50% female) in maternity hospitals in the greater Athens area. High risk population: a total of 545 individuals from 133 families in the Athens area, the minimum acceptance criteria being the parents and any brother or sister. METHOD: Blood specimens from neonates or adults were collected and either spotted and dried on special filter paper (Schleicher and Schull 2992, Darmstadt, Germany) or used in tubes after being heparinised. For the quantitative evaluation of G6PD enzyme activity, the Quantase G6PD screening kit (Quantase Limited, Perth, UK) was used. Quantase G6PD controls (Quantase Limited) were used at three levels of G6PD. These controls are rated at 24, 30, and 37 degrees C. Alternatively, we used the Sigma G6PDH controls (Sigma Chemical Company, St Louis, USA) which are rated at 30 and 37 degrees C. The assay was performed according to the instructions included in the kit with the modification for haemoglobin normalisation. RESULTS: General population: 36 females who were classified as having normal enzymatic activity with the semiquantitative test, were classified as partially deficient with the quantitative test. Neonate population: using the quantitative test, the percentage of G6PD deficient neonates in this population was 5.5%, compared with 3.17% reported in routine screening using the semiquantitative method. High risk population: the quantitative method detected 28 cases of total or partial G6PD deficiency in sisters of males with known total deficiency. The semiquantitative CONCLUSIONS: A considerable amount of partially G6PD deficient female neonates (heterozygotes) are undetected and classified as having normal enzymatic activity using the semiquantitative method, which uses a cut off of 2.1 U/g haemoglobin (Hb). The use of a fully quantitative G6PD screening kit is proposed, employing the automated haemoglobin normalisation and a cut off of 6.4 U/g Hb. Any neonate with an activity below this mark should be regarded as G6PD deficient, and all preventive measures should be taken.

Starck L.  Lovgren A.  Diagnosis of Smith-Lemli-Opitz syndrome from stored filter paper blood specimens.  Archives of Disease in Childhood.  82(6):490-2, 2000 Jun.

     Abstract:  BACKGROUND: Smith-Lemli-Opitz (SLO) syndrome is a recessively inheritable metabolic disease with deficiency of cholesterol and accumulation of dehydrocholesterols, caused by a defect in the last step of cholesterol biosynthesis. Biochemical methods for identification of affected individuals, even prenatally, have been developed. Reliable genetic counselling is now possible. AIM: To find a method of proving or disproving whether a child in whom SLO syndrome had been suspected but not confirmed during lifetime had in fact died of the SLO syndrome. METHODS: Lipid extracts of stored filter paper blood specimens collected at the national neonatal metabolic screening were used. The ratio of dehydrocholesterols to cholesterol was measured by combined gas chromatography-mass spectrometry. RESULTS: The ratio of 8-dehydrocholesterol to cholesterol in stored filter paper specimens clearly distinguished affected infants from normal infants. SLO syndrome was thus proven in two children who had died more than seven years earlier. CONCLUSION: It is possible to diagnose SLO syndrome from dried paper specimens, even when the samples were collected more than a decade ago. Genetic counselling is available for families of affected children who died before the discovery of the defect in cholesterol synthesis.

II.  Newborn Screening Policy

Newborn screening for cystic fibrosis: a paradigm for public health genetics policy development. Proceedings of a 1997 workshop. MMWR Morb Mortal Wkly Rep. 1997;46:1-24.  (See abstract in Newborn Screening, cystic fibrosis)

Acuff KL. Prenatal and newborn screening: state legislative approaches and current practice standards.  In: Faden R, Geller G, Powers M, eds. AIDS, Women and the Next Generation: towards a morally acceptable public policy for HIV testing of pregnant women and newborns. New York, NY: Oxford University Press; 1991:121-165.

Blank RH. Public policy implications of human genetic technology: genetic screening. J Med Philos 1982; 7(4):355-374.

     Abstract: As rapid advances in human genetic research are transferred into new areas of genetic technology, questions relating to the use of these techniques will escalate. This paper examines some of the policy concerns surrounding recent developments in genetic screening. It discusses the impetus and implications of genetic screening in general, examines various applications, and analyzes the costs and benefits of screening programs currently in existence. Special emphasis is placed on whether or not screening should be considered a matter of public health and mandated on those grounds. This paper argues against any compulsory screening programs except where the disease is easily identified, applicable across social groups, and treatable. While screening services for carriers of genetic disease and prenatal diagnosis should be made available and education programs should be expanded substantially, the burden of proof for involuntary programs is placed on the proponents.  There is little public health justification at this time for mandatory screening though this does not preclude future public health demands. It is argued that the goals and justification of various human genetic technologies must be examined at this time due to the rapid advancement of the research as well as the ultimate benefits promised for humankind

Committee on Assessing Genetic Risks DoHSPIoM, Andrews LB, Fullarton JE. Assessing Genetic Risks. Implications for Health and Social Policy. Edited by N. A. Holtzman and A. G. Motulsky. Washington, DC: National Academy Press, 1994.

Elliman, D. A., C. Dezateux, et al. (2002). "Newborn and childhood screening programmes: criteria, evidence, and current policy." Arch Dis Child 87(1): 6-9
Faden R, Chwalow AJ, Holtzman NA, Horn SD. A survey to evaluate parental consent as public policy for neonatal screening. Am J Public Health 1982; 72:1347-1352.

     Abstract: Most states currently have laws which result in compulsory neonatal screening practices, despite a widespread consensus that participation in genetic services and programs should be voluntary.  In 1976, Maryland adopted a regulation designed to respect parents' rights to refuse neonatal screening by imposing a parental consent requirement. The results of a study designed to evaluate the effects of this regulation are reviewed here. Many health care providers were unaware of the parental consent regulation. However, hospitals were generally in compliance with the technical stipulations of the regulations. There was little evidence that the regulation resulted in additional costs to the health care system, either in terms of hospital staff time or in terms of loss of efficiency in the number of infants screened. Mothers affected by the regulation were largely in favor of being informed about neonatal screening and learned a significant amount of new information from the disclosure process. They were almost evenly divided on whether they favored parental consent

Hiller EH, Landenburger G, Natowicz MR. Public participation in medical policy-making and the status of consumer autonomy: the example of newborn screening programs in the United States. Am J Public Health 1997; 87:1280-1288.

     Abstract: OBJECTIVES: State newborn-screening programs collectively administer the largest genetic testing initiative in the United States. We sought to assess public involvement in formulating and implementing medical policy in this important area of genetic medicine. METHODS: We surveyed all state newborn-screening programs to ascertain the screening tests performed, the mechanisms and extent of public participation, parental access to information, and policies addressing parental consent or refusal of newborn screening. We also reviewed the laws and regulations of each state pertaining to newborn screening. RESULTS: Only 26 of the 51 state newborn-screening programs reported having advisory committees that include consumer representation. Fifteen states reported having used institutional review boards, another venue for public input. The rights and roles of parents vary markedly among newborn-screening programs in terms of the type and availability of screening information as well as consent-refusal and follow-up policies. CONCLUSIONS: There is clear potential for greater public participation in newborn- screening policymaking.  Greater public participation would result in more representative policy-making and could enhance the quality of services provided by newborn screening programs 

     Comment in: Am J Public Health 1997 Aug;87(8):1275-7

Holtzman NA, Shapiro D. Genetic testing and public policy. BMJ 1998; 316:852-856.

McCabe LL, McCabe ER. Population studies of allele frequencies in single gene disorders:

methodological and policy considerations. Epidemiol Rev. 1997; 19:52-60.

Meaney FJ, Kinney S, Kling S. Assessing Genetic Risks -- Implications for Health and Social Policy: Response From the Newborn Screening Committee of the Council of Regional Networks for Genetic Services. 1996;4:247-249. 

Natowicz, M. R. and E. H. Hiller (2002). "Addressing consumer grievances in medicine: policies and practices of newborn screening programs in the United States." Genet Test 6(1): 31-8.


Newborn screening programs collectively administer the largest genetic testing initiative in the United States. The redress of grievances is an important mechanism for consumers to provide input into clinical and public health programs. In this study, we evaluated mechanisms for addressing consumer grievances in newborn screening programs. To do this, we surveyed all 50 state plus the District of Columbia newborn screening programs by questionnaire regarding protocols for receipt and redress of problems reported by parents of newborns and ascertained the existence and nature of complaints and how complaints were documented and addressed. Pertinent state and federal legislation and regulation were also reviewed. Six of 49 newborn screening programs reported having formal policies for handling consumer grievances. Four states reported having pertinent legislation or regulation. Thirty-eight of 49 states reported having received complaints from 1993 to 1995. Thirteen of 49 newborn screening programs reported that they actively seek feedback from consumers. Consumer grievances ranged from minor complaints to potentially life-threatening concerns. In general, complaints are managed on an ad hoc basis; formal policies are typically lacking. As newborn screening programs affect a vast number of Americans, a proactive and comprehensive approach, including solicitation of consumer feedback, could benefit both newborn screening programs and the public served by them.

Pettersen RD, Saugstad OD, Lie SO. Neonatal screening for metabolic diseases--a task without priority in the Norwegian health policy? (Norwegian) Tidsskr Nor Laegeforen 1995; 115:607-608.

     Abstract: The Norwegian national screening programme for early diagnosis of  phenylketonuria and congenital hypothyroidism was established in 1978- 79. The organization and implementation of the programme is based on a marginal cost policy profile and has kept almost the same structure throughout the period of national neonatal screening. We focus on practical measures aimed at increasing the quality of the programme, and suggest a health political reconsideration of public preference and financial support for neonatal screening in Norway 

Raine DN. The need for a national policy for the management of inherited metabolic disease. J Clin Pathol Suppl (R Coll Pathol) 1974;8:156-163.

Stoddard JJ, Farrell PM. State-to-state variations in newborn screening policies. Arch Pediatr Adolesc Med 1997; 151:561-564.

Abstract: BACKGROUND: Population-based newborn screening for genetic and metabolic disorders is standard practice in all states in the United States. Policies governing newborn screening are determined at the state level; however, and thus, a great degree of variability exists between states regarding many facets of such screening. OBJECTIVE: To gather information relating to the processes, content, and outcomes of policy making affecting newborn screening programs across the United States. METHODS: We surveyed the directors of newborn screening programs for each of the 50 states using a postal questionnaire. The questionnaire solicited information about the specific tests incorporated in each state's panel of screening tests and information pertaining to the policy-making processes by which decisions are reached regarding this testing. RESULTS: Substantial variation exists across states regarding both the processes of policy formulation and the outcomes of decisions made about newborn screening. All states currently screen for phenylketonuria and congenital hypothyroidism. Extensive variation exists across states in testing for other disorders. The processes by which state policy makers arrive at decisions in this area are extremely diverse. Almost three fourths of the states have standing expert advisory bodies who issue recommendations regarding screening program modifications, but the authority granted to these panels varies substantially. Some regional cooperation in this area exists. CONCLUSIONS: Further development of regional cooperation could offer some states greater efficiency in both laboratory testing and screening policy formulation. From the standpoint of an individual state. Wisconsin's approach to policy development in this area is described as a model worthy of consideration 

Therrell, B. L., Jr. (2001). "U.S. newborn screening policy dilemmas for the twenty-first century." Mol Genet Metab 74(1-2): 64-74.


Newborn screening has traditionally referred to biochemical testing for inherited disorders, generally metabolic in origin, that are usually correctable by dietary or drug interventions. As new tests have been developed, state public health newborn screening systems have slowly evolved without the benefit of national policies. Thus, newborn screening program changes, when viewed nationally, have been uncoordinated. The net result has been unequally applied mandated screening and, consequently, unequal availability of related public health disease prevention services. Technological advances in laboratory testing over the past 10 years have resulted in limited program changes in some state newborn screening systems, and even greater program disparities. A recent Newborn Screening Task Force identified numerous issues of concern and proposed elements for a plan of action involving public health programs, healthcare providers, and consumers. This minireview details past policy history in newborn screening and identifies some of the current issues confronting programs as they seek to move ahead with the technologies and medical treatments for the twenty-first century.

Townes PL. Newborn screening: a potpourri of policies. Am J Public Health 1986;76:1191-1192.

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

     Abstract: In recognition of the earlier experiences with genetic diagnostic services and in anticipation of a greater potential for genetic testing for presymptomatic disease and disease susceptibility, this article provides an analysis of policy development for cystic fibrosis carrier screening. The deficiencies of relying on an extemporaneous model for health policy development are described. Preferably, an evidentiary model, based on the evaluation of clinical research and incorporating professional and public attention to underlying normative issues, should define the standard of care. Appropriate procedural mechanisms should be established at both state and federal levels to prevent the unnecessary confusion, expense, and personal or social harms likely to result from a completely unrestrained application of developing genetic technologies or continuing ad hoc responses to rapid increases in genetic diagnostic capabilities. A broadly constituted national advisory commission on the ethical, legal, and social implications of the Human Genome Project would provide an important locus for national decision making and may offer an efficient mechanism for implementing the evidentiary model, promoting public involvement at a time when social policy decisions must be made to restructure the health care system to be more sensitive to issues of access, allocation, and costs 

     Comment in: JAMA 1994 Apr27;271(16):1240

Williams BC, Miller CA. Preventive health care for young children: Findings from a 10-country study and directions for United States policy.  Pediatrics 1992; 89:981-998.

     Abstract: Infant health and survival in the US compare unfavorably with other Western  industrial democracies. Circumstances that contribute to favorable pregnancy outcomes in other countries include nearly complete participation of pregnant women in early prenatal care and linkage of care to extensive support benefits. The study reported here extends these earlier observations to preventive health services for children from infancy through adolescence and to the social benefit programs that support their families. This report looks at the condition of children in 10 European countries: Belgium, Denmark, France, the Federal Republic of Germany, Ireland, the Netherlands, Norway, Spain, Switzerland, and the United Kingdom. All of these countries have better infant survival rates than the US, and they all share elements of pluralism in their systems of health care 

     Comment in: Pediatrics 1992 Dec;90(6):1005-6

III.  Ethical/Legal/Social Issues

Adelman CS. The constitutionality of mandatory genetic screening statutes. Case Western Reserve Law Rev. 1981;31:897-948.

Andrews LB, ed. Legal Liability and Quality Assurance in Newborn Screening. Chicago:

American Bar Foundation, 1985.

     Abstract: The objective of the investigation was to study informed consent as public policy for mass newborn screening, focusing on phenylketonuria (PKU) screening. Attitudes of providers toward informed consent in general and neonatal genetic screening in particular were assessed through a survey of providers who have administrative or operational responsibility for the implementation of the disclosure form in 38 hospitals in the State with active obstetrical services. The quality of the consent process was also examined, including parental understanding of the disclosed information and parental attitudes toward the meaning and appropriateness of such a requirement. The majority of the providers disapproved of the State regulations requiring informed parental consent prior to screening for PKU but approved mandatory screening for the condition. Despite widespread unawareness of the regulation as reported in an interview, hospitals were generally in compliance with the technical stipulation of the regulations.  Regardless of whether they had participated in the disclosure consent process, mothers were equally divided between those who favored consent before screening and those who did not.
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Chadwick R, ten Have H, Husted J, et al. Genetic screening and ethics: European perspectives. J Med Philos 1998; 23:255-273.

     Abstract: Analysis and comparison of genetic screening programs shows that the extent of

development of programs varies widely across Europe. Regional variations are due not only to genetic disease patterns but also reflect the novelty of genetic services. In most countries, the focus for genetic screening programs has been pregnant women and newborn children. Newborn children are screened only for disorders which are treatable.  Prenatal screening when provided is for conditions for which termination may be offered. The only population screening programs for adults are those for thalassemia carrier status in Cyprus, Greece and Italy. Social responses to genetic screening range from acceptance to hostility. There is a fundamental tension between individual and community in the debates in various European countries about implementation of screening programs. Opposition to genetic screening is frequently expressed in terms of arguments about "eugenics" with insufficient regard to the meaning of the term and its implications. Only a few countries have introduced explicit legislation on genetic screening. Legislation to address discrimination may provide more safeguards than legislation protecting genetic information itself
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     Abstract: The objective of the investigation was to study informed consent as public policy for mass newborn screening, focusing on phenylketonuria (PKU) screening. Attitudes of providers toward informed consent in general and neonatal genetic screening in particular were assessed through a survey of providers who have administrative or operational responsibility for the implementation of the disclosure form in 38 hospitals in the State with active obstetrical services. The quality of the consent process was also examined, including parental understanding of the disclosed information and parental attitudes toward the meaning and appropriateness of such a requirement. The majority of the providers disapproved of the State regulations requiring informed parental consent prior to screening for PKU but approved mandatory screening for the condition. Despite widespread unawareness of the regulation as reported in an interview, hospitals were generally in compliance with the technical stipulation of the regulations.  Regardless of whether they had participated in the disclosure consent process, mothers were equally divided between those who favored consent before screening and those who did not 
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Liebl, B., U. Nennstiel-Ratzel, et al. (2002). "Very high compliance in an expanded MS-MS-based newborn screening program despite written parental consent." Prev Med 34(2): 127-31.


OBJECTIVES: In Bavaria, Germany, an expanded MS-MS-based newborn screening program was implemented in 1999. The coverage of new additional conditions and novelty of technology required introduction of written parental consent. Here we evaluated the influence of the consent procedure on compliance by systematic demographic tracking. METHODS: Comprehensive information was provided for parents, professionals, and the public. Screening notifications were matched with all birth notifications on name and date of birth. Parents of children without screening notification were contacted and counseled. RESULTS: Between August 1, 1999, and July 31, 2000, 123,284 children eligible for screening were born. Of these, 116,652 were matched successfully. Among 6,632 parents contacted, 2,516 (2%) did not respond. Three thousand thirty-four children were screened but the parents initially refused to participate in tracking. Five hundred ninety-four were screened outside the program. Four hundred eighty-eight untested newborns were identified. Three hundred twenty-five screening failures due to logistic problems were tested subsequently. Screening was definitely refused by the parents of 163 children (0.1% of target population). CONCLUSIONS: With appropriate information provided and surveillance by tracking, high compliance with newborn screening can be achieved despite a written consent requirement.

Mandl, K. D., S. Feit, et al. (2002). "Newborn screening program practices in the United States: notification, research, and consent." Pediatrics 109(2): 269-73.


OBJECTIVE: To define current practice among US newborn screening programs for notification of results, research, and consenting procedures. METHODS: A telephone survey of all US newborn screening program supervisors. RESULTS: All 51 programs participated. All states reported abnormal results to the infant's physician, and some also reported to the hospital and parents. Cases with abnormal results were tracked to different endpoints but usually (92.1%) at least until a follow-up appointment was made. A total of 66.6% of programs can communicate with programs in other states; 9.8% enable families to suppress reporting of results to the infant's physician. No state has a mechanism for parents to prevent results from entering the medical record. Parents or physicians who request results are often authenticated by providing their name (52.9%). Many programs (45.1%) report only to physicians and require just their name (43.5%), an identification number (17.4%), a letter (26.1%), or a parent's signature (26.1%). A total of 70.6% retain residual blood samples; of these, only 8.3% store them completely devoid of patient identifiers. A total of 49.0% of programs aggregate data for research. In 16.0% of these, the data are publicly available. In 24.0%, researchers obtain approval at their own institution; in 24.0%, researchers obtain approval through the state laboratory Institutional Review Board. In 74.5% of programs, parents are notified but not asked for consent before collection of the sample; 19.6% neither notify parents nor obtain consent before screening. CONCLUSIONS: There is wide variation in practice among the US newborn screening programs. Because the programs collectively manage a comprehensive nationwide genomic databank, careful consideration of how information technology and high-throughput genomic analysis are used will be essential to allow progress in clinical care, public health, and research while protecting individual privacy.

Mokronhisky S. Genetics & ethics in the 21st century: complex genetic diseases ; the managed care perspective. Presented at the University of Colorado School of Medicine: Continuing Medical Education. 1998.

Natowicz, M. R. and E. H. Hiller (2002). "Addressing consumer grievances in medicine: policies and practices of newborn screening programs in the United States." Genet Test 6(1): 31-8.


Newborn screening programs collectively administer the largest genetic testing initiative in the United States. The redress of grievances is an important mechanism for consumers to provide input into clinical and public health programs. In this study, we evaluated mechanisms for addressing consumer grievances in newborn screening programs. To do this, we surveyed all 50 state plus the District of Columbia newborn screening programs by questionnaire regarding protocols for receipt and redress of problems reported by parents of newborns and ascertained the existence and nature of complaints and how complaints were documented and addressed. Pertinent state and federal legislation and regulation were also reviewed. Six of 49 newborn screening programs reported having formal policies for handling consumer grievances. Four states reported having pertinent legislation or regulation. Thirty-eight of 49 states reported having received complaints from 1993 to 1995. Thirteen of 49 newborn screening programs reported that they actively seek feedback from consumers. Consumer grievances ranged from minor complaints to potentially life-threatening concerns. In general, complaints are managed on an ad hoc basis; formal policies are typically lacking. As newborn screening programs affect a vast number of Americans, a proactive and comprehensive approach, including solicitation of consumer feedback, could benefit both newborn screening programs and the public served by them.

O'Neill O. Genetic information and insurance: some ethical issues. Philos Trans R Soc Lond B Biol Sci 1997; 352(1357):1087-1093.

     Abstract: Life is risky, and insurance provides one of the best developed ways of controlling risks. By pooling, and so transferring risks, those who turn out to suffer antecedently uncertain harms can be assured in advance that they will be helped if those harms arise; they can then plan their lives and activities with confidence that they are less at the mercy of ill fortune. Both publicly organized and commercial insurance can organize the pooling of risk in ways that are beneficial for all concerned. They provide standard ways of securing  fundamental ethical values such as solidarity and mutuality. Although policy holders do not know or contract with one another, each benefits from the contribution of others to a shared scheme for pooling and so controlling risk. Although there is a limit to the degree to which commercially-based insurance, where premiums depend on risk level, can go beyond mutuality towards solidarity, in practice it too often achieves a measure of solidarity by taking a broad brush approach to pooling risk. However, the ordinary practices of insurance, and in particular of commercial insurance, also raise ethical questions. These may be put in simple terms by contrasting the way in which an insurance market discriminates between different people, on the basis of characteristics that (supposedly) determine their risk level, and our frequent abhorrence of discrimination, in particular on the basis on religious, racial and gender characteristics. Are the discriminations on which insurance practice relies upon as standard acceptable or not? The increasing availability of genetic information, which testing (of individuals) and screening (of populations) may provide, could lend urgency to these questions. Genetic information may provide a way of obtaining more accurate assessment of individual risks to health and life. This information could be used to discriminate more finely between the risk levels of different individuals, and then to alter the availability and the costs of health, life and unemployment insurance to them. Since all of these forms of insurance bear very directly on the way most people live, it will matter to them how (if at all) insurers take account of genetic information.  Will use of this information improve or damage the capacity of insurance to provide confidence in the face of uncertain harms, and help if they happen? Will it discriminate in acceptable or in unacceptable ways? Will it support or damage the sorts of mutuality and solidarity various sorts of insurance schemes have successfully institutionalized? 

Parsons, E. P., A. J. Clarke, et al. (2002). "Newborn screening for Duchenne muscular dystrophy: a psychosocial study." Arch Dis Child Fetal Neonatal Ed 86(2): F91-5.


OBJECTIVE: To evaluate the psychosocial implications of newborn screening for Duchenne muscular dystrophy. DESIGN: Prospective psychosocial assessment. SETTING: Primary care. RESPONDENTS: Study: (a) families of an affected boy identified by screening (n = 20); (b) families of a boy with a transient screening abnormality (n = 18). Control: (a) families of a boy with a later clinical diagnosis (n = 16); (b) random sample of mothers of boys aged 6-9 months (n = 43). INTERVENTIONS: Questionnaires and semistructured interviews. MAIN OUTCOME MEASURES: Attitudes to newborn screening and impact of screening on mother-baby relationship, anxiety/wellbeing, and reproductive patterning within families of an affected boy. RESULTS: Most families of an affected boy were in favour of newborn screening on the grounds of reproductive choice and time to prepare emotionally and practically. There was no evidence of any long term disruption to the mother-baby relationship. Anxiety levels for the screened group were slightly above threshold but returned to normal during the period of the study. There was no evidence, from anxiety or wellbeing scores, that the transient group had suffered any disadvantage. Although the profile of the screened and later clinically diagnosed cohorts was similar after diagnosis, when boys from the screened cohort were 4 years old and more socially aware, their profile was more positive. There was evidence that reproductive patterning had been modified, and four fetuses carrying a mutation causing Duchenne muscular dystrophy were terminated. CONCLUSION: A case can be made for newborn screening provided that the test is optional, a rigorous protocol for service delivery is used, and an infrastructure providing continuing support is in place.

Paul D. Contesting consent: the challenge to compulsory neonatal screening for PKU. Perspect Biol Med 1999; 42(2):207-219.

Pelias, M. K. and N. J. Markward (2001). "Newborn screening, informed consent, and future use of archived tissue samples." Genet Test 5(3): 179-85.


Recent advances in genetic technologies have combined with established protocols for genetic screening to provide immense benefits to individuals and the public. In most American jurisdictions, newborn screening is mandated by law and does not require parental consent for the collection or testing of the blood samples. Screening programs have been successful in identifying affected infants at an early stage for effective treatment of some genetic diseases. The public health benefit of screening programs is recognized and affirmed. However, collections of surplus, stored samples have become immensely attractive to researchers in medical genetics and the biomedical sciences. As geneticists have sought access to the newborn screening samples, they have recognized concerns related to whether they should use the samples, and, if so, under what conditions. This paper addresses the ethical issues associated with genetic screening and recommends an informed consent protocol that may be used to balance individual and parental rights with the interests of researchers who wish to use surplus samples in studies of genetic disease.

Penticuff JH. Ethical dimensions in genetic screening: a look into the future. J Obstet Gynecol Neonatal Nurs 1996; 25:785-789.

     Abstract: The ethical dimensions of four areas of genetic screening, prenatal screening and diagnosis, newborn screening, carrier detection, and presymptomatic genetic testing, are discussed. Ethical analysis of genetic technologies focuses on the goals, values, and professional obligations that underlie the development and use of these technologies. We live in a complex, diverse society, in which there are multiple, often contradictory, values and belief systems that influence public and personal views about the morality of genetic technologies. Some of these prevailing views are presented to highlight the ethical issues nurses may encounter in reproductive health care, an area in which genetic information and services are increasingly important aspects of care 
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Pyeritz R. Genetics & ethics in the 21st century: the Lynda M. Fox memorial keynote address: practice guidelines for genetic disorders: for and by whom. Presented at the University of Colorado School of Medicine: Continuing Medical Education. 1998. 

Sade RM. Issues of social policy and ethics in gene technology. Methods Find Exp Clin Pharmacol 1994;16:477-489.

     Abstract: Technical developments in the last ten years have made possible mapping and sequencing of the entire human genome, along with the possibility of treating genetic disorders by manipulating DNA. A variety of issues regarding potential uses and abuses of these technologies have become apparent. They relate to both genetic screening and gene therapy. Problems facing individuals and their families mostly revolve around rights of self determination and of confidentiality. Health care professionals will need to design optimal systems to provide genetic counseling and to protect confidentiality of DNA data bases. Society and social institutions will need to develop policies and laws that protect the privacy of individuals whose DNA is stored in data banks. Patenting of the results of gene research remains controversial internationally. Moreover, there is concern in many quarters about society's potential abuse of gene technology for eugenic purposes. Gene therapy is now a reality. There is little disagreement on the use of gene therapy to treat genetic diseases in individuals by somatic cell therapy. There is much controversy, however, over the use of germ-line cell therapy. Gene technology has contributed to the growth among a small group of influential people of the Post-Modern Movement, which is strongly antiscience and antitechnology. This movement may pose a long term threat to future technological advances and should not be ignored. There is much outside of the laboratory that scientists, particularly molecular biologists, can do to assure a secure place for science and technology in our culture 

Weaver KD, et al. Genetic screening and the right not to know. Issues Law Med 1997; 13:243- 281.

Weichbold, V. and K. Welzl-Mueller (2001). "Maternal concern about positive test results in universal newborn hearing screening." Pediatrics 108(5): 1111-6.


OBJECTIVE: A positive test result from universal newborn hearing screening (UNHS) has been suspected to cause maternal concern. However, findings so far are inconclusive. Against the background of a 2-stage UNHS protocol, we investigated the extent of maternal concern in 2 different situations: 1) mothers' immediate reactions after a positive result at the first-stage test and 2) maternal concern during a 1-month period while waiting for the infant's hearing assessment after the infant also failed the retest (ie, the screening). In addition, we checked whether mothers who are informed by an audiologist about the low predictive validity of positive test results in hearing screening are less concerned about a positive result than mothers who are not informed. METHODS: A prospective study was conducted over a 1-year period, in which all mothers whose infants tested positive in the first stage or failed the screening were questioned about their level of concern attributable to the positive test result. RESULTS: Of 85 mothers whose infants tested positive in the first-stage test (situation 1), 34 (40%) did not know the result. Of the remaining 51 mothers, 59% were not at all concerned and 27% were only slightly concerned about the result, whereas 14% stated that they were highly concerned. In an additional sample of 43 mothers whose infants failed the screening (situation 2), 42% reported not being worried and 37% only slightly worried, whereas 21% were highly concerned about the positive screening result. No effect of information about the low predictive validity of positive test results on the extent of maternal concern could be ascertained. CONCLUSIONS: The results of this study contradict the findings of some previous surveys that reported considerably higher levels of maternal concern after a positive test in UNHS. The failure to demonstrate the impact of information on maternal concern might be attributable to the fact that the number of uninformed mothers was too small to affect our results perceptibly.

Wertz DC. Ethical and legal implications of the new genetics: issues for discussion. Soc Sci Med 1992; 35:495-505.

     Abstract: The so-called 'new genetics,' a phrase sometimes associated with The Human Genome Initiative, poses no really new ethical problems, but exacerbates old ones. The issues of most concern to geneticists and their patients are summarized under the eleven headings below. These issues emerged from a 19-nation study of ethics and genetics in 1985-86 and from preliminary work on a forthcoming 36-nation study by the same authors 
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IV.  Newborn Screening Costs/Financing

American Academy of Pediatrics, Committee on Child Health Financing.  Scope of

health care benefits for newborns, infants, children, adolescents, and young adults through age 21 years. Pediatrics 1997; 100:1040-1041.

     Abstract: The optimal health of children can best be achieved by providing access to comprehensive health care benefits. This policy statement replaces the 1993 statement, "Scope of Health Care Benefits for Infants, Children, and Adolescents Through Age 21 Years." Changes involve services and procedures specific to the delivery of  comprehensive preventive, prenatal, postnatal, and mental health care. These services should be delivered by appropriately trained and board- eligible/certified pediatric providers, including primary care pediatricians, pediatric medical subspecialists, and pediatric surgical specialists 

Bender DR. Avoiding the cost burden of newborn screening for the poor and uninsured: Mississippi's model. J Health Soc Policy 1992; 3:51-58.

     Abstract: The Mississippi State Department of Health Genetic Screening Program began in 1982 with hospitals joining the program on a volunteer basis. In 1985 legislation which mandated Newborn Screening provided the Mississippi Department of Health with the responsibility to promulgate rules and regulations establishing laboratory standards, to assure that each newborn was screened and to bill the hospital for each test. The Mississippi State Department of Health charges $12.75 per each newborn tested. This cost includes PKU, T4 (TSH if T4 is abnormal), and Hemoglobinopathy screening, as well as an administrative and follow-up charge. In order to compare the costs of existing systems which coordinate services related to newborn screening, a survey has been done. The confirmatory test for hemoglobinopathy screening will be performed in the Mississippi State Department of Health Laboratory beginning July 1, 1990. This will enable the Mississippi Genetic Screening Program to charge for patients who qualify for Medicaid 
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Brosnan CA, Brosnan P, Therrell BL, Slater CH, Swint JM, Annegers JF, Riley WJ.  A comparative cost analysis of newborn screening for classic congenital adrenal hyperplasia in Texas.  Public Health Reports 1998 Mar-Apr;113(2):170-8.  (See abstract in Newborn Screening, congential adrenal hyperplasia)

Brown J. Screening infants for hearing loss--an economic evaluation. J Epidemiol Community Health 1992; 46:350-356.  (See abstract in Newborn Screening, hearing screening)

Cairns J, Shackley P. Sometimes sensitive, seldom specific: a review of the economics of screening.  Health Econ 1993; 2:43-53.

     Abstract: As the policy relevance of screening has increased, the application of the techniques of economic evaluation to screening has become widespread. This paper critically reviews the literature, and in so doing, highlights several ways in which future evaluations might be improved. These include: the adoption of a broader perspective regarding the questions to be addressed and the relevant margins; a reconsideration of the nature of the benefits and how they might be valued; and a greater emphasis being placed upon the role of individual behaviour and its potential impact on the outcome of economic evaluations

Dhondt JL, Farriaux JP, Sailly JC, Lebrun T. Economic evaluation of cost-benefit ratio of neonatal screening procedure for phenylketonuria and hypothyroidism. J Inherit Metab Dis 1991; 14:633-639.

     Abstract: A comparison between the cost of identification and care of patients with phenylketonuria (PKU) and congenital hypothyroidism (CH) and the expenditure for the care of untreated retarded patients has been established on the basis of the activity of the Nord-Pas-de-Calais regional screening centre and of interviews with patients' families. The analysis yields a benefit-cost ratio of 6.6 for PKU and 13.8 for CH prophylaxis.  However, cost-benefit varies depending on the economic partner, i.e. the patient's family, Social Security or Administration

Ganiats TG. Justifying prenatal screening and genetic amniocentesis programs by cost-effectiveness analyses: a re-evaluation. Med Decis Making 1996; 16:45-50. (See abstract in Newborn Screening, general)

Garber AM, Fenerty JP. Costs and benefits of prenatal screening for cystic fibrosis. Med Care 1991; 29:473-489. (See abstract in Newborn Screening, cystic fibrosis)

Goldberg D. The changing U.S. health care system. Milbank Quarterly 1999; 77(1):3-36.

Grosse, S. and M. Gwinn (2001). "Assisting states in assessing newborn screening options." Public Health Rep 116(2): 169-72.

Hisashige A. Health economic analysis of the neonatal screening program in Japan. Int J Technol Assess Health Care 1994; 10:382-391.

     Abstract: In Japan, a nationwide mass screening system for neonatal metabolic diseases was

established in 1977. This system consisted of screening programs for five main congenital metabolic diseases, including phenylketonuria (PKU). To evaluate the efficiency of the mass screening system, a cost-benefit analysis of the screening program for PKU (as a typical case in Japan) was carried out. The costs of the detection and the treatment program were compared with the projected benefit (avoided costs) that results from prevention of the mental retardation associated with the disorders due to PKU. Costs and benefits were discounted at an annual rate of 7%. Assuming that the incidence of PKU was 1/80,500 and the total number of infants screened was 1.2 million, net benefits for the screening program were $283,000, and the cost- benefit ratio was 1:2.5. The sensitivity analysis for the incidence of PKU showed that the cost-benefit ratios exceeded one 

Holtzman NA. The impact of the federal cutback on genetic services. Am J Med Genet 1983; 15:353-371.

     Abstract: A survey of directors of federally supported genetics, sickle cell and hemophilia programs was undertaken to determine the effect of reduced federal awards for fiscal year 1983 (FY83). Most states deemed ineligible for federal genetics and sickle cell grants for FY83 were unable to make up federal losses with funds from other sources. In FY82, per capita allocations to genetics and sickle cell programs were not significantly different between states that remained eligible in FY83 and those that became ineligible. In FY83, however, per capita allocations were significantly lower in the ineligible states. If cutbacks were to curtail operations, most program directors would give their highest priority to preserving newborn screening and follow-up services. Of the 23 states that do not currently charge for newborn screening, 8 are contemplating imposition of a charge. The findings suggest that continued or expanded availability of genetic services depends, in part, on federal support 

Karnon J.  Zeuner D.  Ades AE.  Efimba W.  Brown J.  Yardumian A.  The effects of neonatal screening for sickle cell disorders on lifetime treatment costs and early deaths avoided: a modelling approach.  Journal of Public Health Medicine.  22(4):500-11, 2000 Dec. (See abstract in Newborn Screening, hemoglobinopathies)

Lemons, J., A. Fanaroff, et al. (2002). "Newborn hearing screening: costs of establishing a program." J Perinatol 22(2): 120-4.


OBJECTIVE: To evaluate the costs and performance characteristics associated with the start-up phase of Universal Newborn Hearing Screening Programs, one utilizing automated auditory brainstem response (AABR) and the other using transient evoked otoacoustic emissions (TEOAE). STUDY DESIGN: Economic and performance data were collected at the initiation of both screening programs. Data were collected until 1500 newborn infants were screened or until a referral rate for further audiologic evaluation at hospital discharge of less than or equal to 5% was achieved. Data collected included screening pass/fail rates, referral rates and personnel, equipment, and supply utilization. Actual costs of personnel, equipment, and supplies were used. Statistical comparisons of proportions using z-statistic with the one-tailed test and an alpha of 0.01 were made. RESULTS: Screening in the AABR program was performed by neonatal nurses, whereas screening in the TEOAE program was performed by master's level audiologists. The average age at initial screen was 29 hours for TEOAE, and 9.5 hours for AABR. Eighty-four percent of infants was screened within 24 hours in the AABR program, in contrast to 35% in the TEOAE program. Throughout the duration of the study, the referral rate at hospital discharge remained approximately 15% for the TEOAE program. The AABR referral rate began at 8% and was less than 4% at the completion of the study. Pre-discharge total costs for initiating and establishing the programs were US$49,316 for TEOAE and US$47,553 for AABR. Cost per infant screened was US$32.23 and US$33.68, respectively. When post-discharge screening and diagnostic evaluation costs were included, the total cost per infant screened was US$58.07 for TEOAE and US$45.85 for AABR. CONCLUSION: AABR appears to be the preferred method for universal newborn hearing screening. AABR was associated with the lowest costs, achieved the lowest referral rates at hospital discharge, and had the quickest learning curve to achieve those rates.
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Modell B, Kuliev AM. A scientific basis for cost benefit analysis of genetics services. Trends Genet 1993; 9:46-52.

     Abstract: Economic appraisal of genetics services is important, but, in this sensitive area, analyses limited to financial aspects understandably cause public concern. Evaluation of these services must take account of their aim of helping everyone with a genetic disadvantage to live and reproduce as normally as possible, and must apply equally to patients and to couples at risk of having affected children. Here we propose that the classical concept of genetic fitness can be useful in evaluating genetics services, because it is measurable, and truly represents their underlying aim

Pollitt RJ, Green A, McCabe CJ, Booth A, Cooper NJ, Leonard JV et al. Neonatal screening for inborn errors of metabolism: cost, yield and outcome. Health Technol Assess 1997; 1:i-iv, 1-202. 

     Abstract: OBJECTIVES. To systematically review the literature on inborn errors of metabolism, neonatal screening technology and screening programmes in order to analyse the costs and benefits of introducing screening based on tandem mass spectrometry (tandem MS) for a wide range of disorders of amino acid and organic acid metabolism in the UK. To  evaluate screening for cystic fibrosis, Duchenne muscular dystrophy and other disorders which are tested on an individual basis. HOW THE RESEARCH WAS CONDUCTED. Systematic searches were carried out of the literature on inborn errors of metabolism, neonatal screening programmes, tandem MS- based neonatal screening technology, economic evaluations of neonatal screening programmes and psychological aspects of neonatal screening. Background material on the biology of inherited metabolic disease, the basic philosophy, and the history and current status of the UK screening programme was also collected. Relevant papers in the grey literature and recent publications were identified by hand-searching. Each paper was graded. For each disease an aggregate grade for the state of knowledge in six key areas was awarded. Additional data were prospectively collected on activity and costs in UK neonatal screening laboratories, and expert clinical opinion on current treatment modalities and outcomes. These data were used to construct a decision- analysis model of neonatal screening technologies, comparing tandem MS with the existing phenylketonuria screening methods. This model determined the cost per additional case identified and, for each disease, the additional treatment costs per case, and the cost per life- year saved. All costs and benefits were discounted at 6% per annum. One- way sensitivity analysis was performed showing the effect of varying the discount rate, the incidence rate of each disorder, the number of neonates screened and the cost of tandem MS, on the cost per life-year gained. RESEARCH FINDINGS. The UK screening programmes for phenylketonuria and congenital hypothyroidism have largely achieved the expected objectives and are cost-effective. Current concerns are the difficulty of maintaining adequate coverage, perceived organisational weaknesses, and a lack of overview. For many of the organic acid disorders it was necessary to rely on data obtained from clinically- diagnosed cases. Many of these diseases can be treated very effectively and a sensitive screening test was available for most of the diseases. Except for cystic fibrosis, there have been no randomised controlled trials of the overall effectiveness of neonatal screening. Despite the anxiety generated by the screening process, there is strong parental support for screening. The effects of diagnosis through screening on subsequent reproductive behaviour is less clear. Conflicts exist between current concepts and the traditional principles of screening. The availability of effective treatment is not an absolute prerequisite: early diagnosis is of value to the family concerned and, to the extent that is leads to increased use of prenatal diagnosis, may help to reduce the overall burden of disease. Neonatal screening is also of value in diseases which present early but with non-specific symptoms. Indeed, almost all of the diseases considered could merit neonatal screening. The majority of economic evaluations failed to incorporate the health benefits from screening, and therefore failed to address the value of the information which the screening programmes provided to parents. The marginal cost of changing from present technology to tandem MS would be approximately 0.60 pounds per baby at a workload of 100,000 samples a year, and 0.87 pounds at 50,000 samples per year. The ability to screen for a wider range of diseases would lead to the identification of some 20 additional cases per 100,000 infants screened, giving a laboratory cost per additional diagnosis of 3000 pounds at an annual workload of 100,000 babies per year.(ABSTRACT TRUNCATED) 

Rosenau PV. Reflections on the cost consequences of the new gene technology for health policy. Int J Technol Assess Health Care 1994; 10:546-561.

     Abstract: This article presents a preliminary and necessarily tentative and subjective assessment of the impact of new gene technology on health care costs.  In the short term, diagnosis and treatment of genetic disease are likely to increase costs. Treatment with nongene therapy will continue to be far less expensive than gene therapy where it is available. Research developments to monitor as indicators of forthcoming cost reductions in genetic therapy are set forth. Some forms of genetic screening may soon reduce health care costs, and an example is provided.  Genetically engineered pharmaceuticals are described and their impact on costs reviewed. Conditions under which they are likely to reduce health care costs are indicated  

Rosenbaum S, Smith BM, Shin P, et al. In: Johnson KA, ed. Negotiating the New Health System: A Nationwide Study of Medicaid Managed Care Contracts. 2nd ed. Washington, DC: George Washington University Medical Center; 1998.

V. Newborn Screening Laboratory Analysis

Bamforth FJ. Laboratory screening for genetic disorders and birth defects. Clin Biochem. 1994; 27:333-342.

     Abstract: Screening for inherited disease is a preventative health measure that started in the 1960s with the development of programs for the detection of PKU in newborns and that has had a major impact on reducing the burden of disease. Developments in technology have led to the availability of large scale testing for an increasing number of both acquired and genetic disorders. Laboratory testing is only one facet of a screening program and consideration should be given to availability of testing to all individuals, education regarding the program, effectiveness of treatment, long-term benefits both for individuals and society, ethical issues, and cost benefits. In this review, newborn, prenatal, and heterozygote screening are discussed

Barbi M, Binda S, Primache V, Tettamanti A, Negri C, Brambilla C. Use of Guthrie cards for the early diagnosis of neonatal herpes simplex virus disease. Pediatr Infect Dis J. 1998; 17:251-252.

Bellisario R.  Colinas RJ.  Pass KA.  Simultaneous measurement of antibodies to three HIV-1 antigens in newborn dried blood-spot specimens using a multiplexed microsphere-based immunoassay.  Early Human Development.  64(1):21-5, 2001 Aug. (See abstract in Newborn screening, HIV)

Burse VW, DeGuzman MR, Korver MP, Najam AR, Williams CC, Hannon WH et al. Preliminary investigation of the use of dried-blood spots for the assessment of in utero exposure to environmental pollutants. Biochem Mol Med 1997; 61:236-239.

     Abstract: We determined the concentration of dichlorodiphenyldichloroethylene (p,p'-DDE) in dried-blood spot specimens from 2-day-old infants from rural Texas who had never been breast fed.  Anonymous, residual whole blood spots on filter paper, previously used for routine newborn screening procedures, were soaked in a phosphate buffer, extracted with an organic solvent, and eluted through silica gel. The concentrated eluates were analyzed by capillary gas chromatography with electron capture detection (ECD). The blood collected from 10 newborns was analyzed and found to contain DDE concentrations ranging from 0.13 to 1.87 pg/microliter with a mean of 0.72 pg/microliter. One of the 10 newborns had a whole blood DDE concentration of 1.87 pg/microliter, which was greater than the concentration of 1.34 pg/microliter in a freshly drawn sample from an adult donor whose blood serum was shown to contain DDE. With improvement in detection limits, this approach has the potential to displace the analyses of mothers' blood (as a surrogate indicator of infants' exposures) and cord blood as standard procedures for determining the newborns' body burden of environmental pollutants

Dawson AJ, Chodirker BN, Chudley AE. Frequency of FMR1 premutations in a consecutive newborn population by PCR screening of Guthrie blood spots. Biochem Mol Med 1995; 56:63-69.

     Abstract: The fragile X(A) or FRAXA syndrome is the most common form of familial mental retardation and is associated with a fragile site at Xq27.3. The gene responsible for the FRAXA syndrome, the FMR1 gene, has been cloned. inactivation of the FMR1 gene is associated with amplification of a tri-nucleotide CGG repeat sequence and methylation of an adjacent CpG island. Previous estimates for the prevalence of the FRAXA syndrome have   been based on indirect methods of chromosome analysis in institutions and community workshops for the mentally handicapped. We have analyzed the frequency of premutations of the FMR1 gene in 3002 X chromosomes of 1000 male and 1000 female consecutive newborn nonautoclaved blood spots in an anonymous, unlinked survey. The CGG repeat sizes were calculated by measuring the length of products of the PCR reaction based on the molecular size of labeled markers in a denaturing sequencing gel assay. For consistent PCR amplification a DNA microextraction was necessary, including a phenol/chloroform series. In our population, the CGG allele ranged from 9 to 106 repeats: 97% of alleles had fewer than 40 repeats. The most frequent allele was a repeat of 28. Approximately 2.3% of alleles had CGG repeats ranging from 4 to 49 and 0.37% of alleles had repeats ranging from 50 to 59. The frequency of alleles > 60 repeats in the Manitoba male population is approximately 0.13%. The use of nonautoclaved Guthrie blood spots for population screening of FRAXA premutations is not recommended. The necessity of a phenol/chloroform DNA microextraction is tedious and time consuming.  The low yield of DNA (250 ng) does not allow for reanalysis by Southern of apparently homozygous females with potentially unstable CGG alleles in the 40-60 repeat range and likely underestimates premutation carrier status

Dezateux C. Evaluating newborn screening programmes based on dried blood spots: future

challenges. Br Med Bull 1998; 54:877-890.

     Abstract: A UK national programme to screen all newborn infants for phenylketonuria was introduced in 1969, followed in 1981 by a similar programme for congenital hypothyroidism. Decisions to start these national programmes were informed by evidence from observational studies rather than randomised controlled trials. Subsequently, outcome for affected children has been assessed through national disease registers, from which inferences about the effectiveness of screening have been made.  Both programmes are based on a single blood specimen, collected from each infant at the end of the first week of life, and stored as dried spots on a filter paper or 'Guthrie' card. This infrastructure has made it relatively easy for routine screening for other conditions to be introduced at a district or regional level, resulting in inconsistent policies and inequitable access to effective screening services.  This variation in screening practices reflects uncertainty and the lack of a national framework to guide the introduction and evaluation of new screening initiatives, rather than geographical variations in disease prevalence or severity. More recently, developments in tandem mass spectrometry have made it technically possible to screen for several inborn errors of metabolism in a single analytical step. However, for each of these conditions, evidence is required that the benefits of screening outweigh the harms. How should that evidence be obtained? Ideally policy decisions about new screening initiatives should be informed by evidence from randomised controlled trials but for most of the conditions for which newborn screening is proposed, large trials would be needed. Prioritising which conditions should be formally evaluated, and developing a framework to support their evaluation, poses an important challenge to the public health, clinical and scientific community. In this chapter, issues underlying the evaluation of newborn screening programmes will be discussed in relation to medium chain acyl CoA dehydrogenase deficiency, a recessively inherited disorder of fatty acid oxidation

Guthrie R, Susi A. A simple phenylalanine method for detecting phenylketonuria in large populations of newborn infants. Pediatrics 1963; 32:343. (See abstract in Newborn Screening, phenylketonuria)

Hammond KB, Abman SH, Sokol RJ, Accurso FJ. Efficacy of statewide neonatal screening for cystic fibrosis by assay of trypsinogen concentrations [see comments]. N Engl J Med 1991; 325(11):769-774.

(See abstract in Newborn Screening, cystic fibrosis)

Mei JV.  Alexander JR.  Adam BW.  Hannon WH.  Use of filter paper for the collection and analysis of human whole blood specimens.  Journal of Nutrition.  131(5):1631S-6S, 2001 May.

     Abstract:  The Centers for Disease Control and Prevention and its partners have been operating the Newborn Screening Quality Assurance Program for >20 y. The program helps participating laboratories to evaluate and improve the quality of their newborn-screening testing efforts by providing quality control dried blood spot materials and proficiency-testing materials for the external evaluation of screening programs. The Newborn Screening Quality Assurance Program provides an independent evaluation of filter papers approved by the Food and Drug Administration for the collection of blood for clinical tests. These activities have created a mechanism for the validation of the filter paper blood collection device and the standardization of materials and methods for the analysis of dried blood spots. [References: 22]

Poplawski NK, Ranieri E, Harrison JR, Fleischer JM. Multiple acylcoenzyme A  dehydrodogenase deficiency: diagnosis by acyl-carnitine analysis of a 12-year-old newborn screening card. Pediatrics 1999;134:764-766.

Therrell BL, Hannon WH, Pass KA, Lorey F, Brokopp C, Eckman J et al. Guidelines for the

Retention, Storage, and use of Residual Dried Blood Spot Samples after newborn screening analysis: statement of the Council of Regional Networks for Genetic Services. Biochem Mol Med 1996;57:116-124.

     Abstract: These guidelines provide scientific information for policy development by state health departments considering appropriate use of newborn screening specimens after screening tests are finished. Information was collected, debated, and formulated into a policy statement by the Newborn Screening Committee of the Council of Regional Networks for Genetic Services (CORN), a federally funded national consortium of representatives from 10 regional genetics networks. Newborn screening programs vary widely in approaches and policies concerning residual dried blood spot samples (DBS) collected for newborn screening. Recognition of the epidemiological utility of DBS samples for HIV seroprevalence surveys and a growing interest in DBSs for DNA analysis has intensified consideration of issues regarding retention, storage, and use of residual DBS samples. Potentially these samples provide a genetic material "bank" for all newborns nationwide. Their value as a resource for other uses has already been recognized by scientists, administrators, and judicial officials.  Programs should promulgate rules for retention and use of residual newborn screening DBS samples based on scientifically valid information. Banking of newborn samples as sources of genetic material should be considered in light of potential benefit or harm to society 

Therrell BL, ed. Laboratory Methods for Neonatal Screening. Washington, DC: American Public Health Association, 1993.

VI.  Research/New Technology

Albers S.  Marsden D.  Quackenbush E.  Stark AR.  Levy HL.  Irons M.  Detection of neonatal carnitine palmitoyltransferase II deficiency by expanded newborn screening with tandem mass spectrometry.  Pediatrics.  107(6):E103, 2001 Jun.

     Abstract:  The introduction of tandem mass spectrometry to newborn screening has substantially expanded our ability to diagnose metabolic diseases in the newborn period. We report the first case of neonatal carnitine palmitoyltransferase deficiency II detected by expanded newborn screening with tandem mass spectrometry. The neonate presented with dysmorphic facial features, structural malformations, renal failure, seizures, and cardiac arrythmias and died on the third day of life. This experience illustrates the importance of expanded newborn screening to avoid missing a metabolic diagnosis in early infantile death.

American College of Medical Genetics/American Society of Human Genetics Test and Technology Transfer Committee Working Group.  Tandem mass spectrometry in newborn screening. American College of Medical Genetics/American Society of Human Genetics Test and Technology Transfer Committee Working Group.  Genetics in Medicine.  2(4):267-9, 2000 Jul-Aug.

Atkinson, K., B. Zuckerman, et al. (2001). "A public health response to emerging technology: expansion of the Massachusetts newborn screening program." Public Health Rep 116(2): 122-31.


The development of a new technology, called tandem mass spectrometry (tandem MS) has challenged governments worldwide to consider expanding universal newborn screening for rare metabolic disorders. In 1997 the Massachusetts Department of Public Health developed a public process to meet this challenge. After addressing significant medical, legal, ethical, and logistical issues raised by tandem MS, Massachusetts incorporated one new disorder into the mandatory newborn screen and developed an optional pilot program for 20 additional disorders. The Massachusetts experience has wide relevance for other nations and states. As screening protocols are contemplated for entire populations-for newborns and others- it will remain essential that the public participate in an open process of reviewing the justification for and logistics of screening.

Blank RH. Public policy implications of human genetic technology: genetic screening. J Med Philos 1982; 7(4):355-374. (See abstract in Newborn Screening Policy)

Carpenter, K. H. and V. Wiley (2002). "Application of tandem mass spectrometry to biochemical genetics and newborn screening." Clin Chim Acta 322(1-2): 1-10.


Tandem mass spectrometry (MS/MS) has become a key technology in the fields of biochemical genetics and newborn screening. The development of electrospray ionisation (ESI) and associated automation of sample handling and data manipulation have allowed the introduction of expanded newborn screening for disorders which feature accumulation of acylcarnitines and certain amino acids in a number of programs worldwide. In addition, the technique has proven valuable in several areas of biochemical genetics including quantification of carnitine and acylcarnitines, in vitro studies of metabolic pathways (in particular beta-oxidation), and diagnosis of peroxisomal and lysosomal disorders. This review covers some of the basic theory of MS/MS and focuses on the practical application of the technique in these two interrelated areas.
Chace DH, Sherwin JE, Hillman SL, Lorey F, Cunningham GC. Use of phenylalanine-to-tyrosine ratio determined by tandem mass spectrometry to improve newborn screening for phenylketonuria of early discharge specimens collected in the first 24 hours. Clin Chem 1998; 44:2405-2409. (See abstract in Newborn Screening, phenylketonuria)

Collins FS, Patrinos A, Jordan E,  et al. New goals for the U.S. Human Genome Project: 1998-2003. Science 1998; 282:682-689.

     Abstract: The Human Genome Project has successfully completed all the major goals in its

current 5-year plan, covering the period 1993-98. A new plan, for 1998-2003, is presented, in which human DNA sequencing will be the major emphasis.  An ambitious schedule has been set to complete the full sequence by the end of 2003, 2 years ahead of previous projections. In the course of completing the sequence, a "working draft" of the human sequence will be produced by the end of 2001. The plan also includes goals for sequencing technology development; for studying human genome sequence variation; for developing technology for functional genomics; for completing the sequence of Caenorhabditis elegans and Drosophila melanogaster and starting the mouse genome; for studying the ethical, legal, and social implications of genome research; for bioinformatics and computational studies; and for training of genome scientists

Filiano, J. J., S. G. Bellimer, et al. (2002). "Tandem mass spectrometry and newborn screening: pilot data and review." Pediatr Neurol 26(3): 201-4.


United States legislatures are debating whether to use tandem mass spectrometry to expand the roster of inherited disorders tested in newborn screening programs. The debate is hampered because published financial data comparing charges associated with late vs. early diagnosis are not readily available. We provide pilot financial data comparing late diagnosis vs. presumptive diagnosis and early management taken from consecutive patients with propionic acidemia diagnosed from 1995-1998 in New Hampshire. We extrapolated from these data and the incidence of treatable inborn errors of metabolism to estimate the projected yearly savings of critical care charges if expanded newborn screening were instituted. We conclude that institution of expanded screening will bring diminished morbidity and large savings in yearly chronic care and critical care charges.

Foster MW, Bernsten D, Carter TH. A model agreement for genetic research in socially identifiable populations. Am J Hum Genet 1998; 63:696-702.

     Abstract: Genetic research increasingly focuses on population-specific human genetic diversity.  However, the naming of a human population in public databases and scientific publications entails collective risks for its members. Those collective risks can be evaluated and protections can be put in place by the establishment of a dialogue with the subject population, before a research study is initiated. Here we describe an agreement to undertake genetic research with a Native American tribe. We identified the culturally appropriate public and private social units within which community members are accustomed to make decisions about health. We then engaged those units in a process of communal discourse. In their discourses about our proposed study, community members expressed most concern about culturally specific implications. We also found that, in this population, private social units were more influential in communal decision making than were public authorities. An agreement was reached that defined the scope of research, provided options for naming the population in publications (including anonymity), and addressed the distribution of royalties from intellectual property, the future use of archival samples, and specific cultural concerns.  We found that informed consent by individuals could not fully address these collective issues. This approach may serve as a general model for the undertaking of population-specific genetic studies 

Goodwin, G., M. E. Msall, et al. (2002). "Newborn screening: an overview with an update on recent advances." Curr Probl Pediatr Adolesc Health Care 32(5): 144-72.

Jones, P. and M. Bennett (2002). "The changing face of newborn screening: diagnosis of inborn errors of metabolism by tandem mass spectrometry." Clin Chim Acta 324(1-2): 121.

Kapp MB. Ethical and legal implications of advances in genetic testing technology. Leg Med 1994;305-319.

Leonard JV and Dezateux C.  (2002).  Screening for inherited metabolic disease in newborn infants using tandem mass spectrometry.  BMJ; 324:4-5.  

Levy HL. Newborn screening by tandem mass spectrometry: a new era. Clin Chem 1998; 44:2401-2402.

     Comment on: Clin Chem 1998 Dec;44(12):2405-9

Liebl, B., U. Nennstiel-Ratzel, et al. (2002). "Expanded newborn screening in Bavaria: tracking to achieve requested repeat testing." Prev Med 34(2): 132-7.


OBJECTIVES: Expansion of newborn screening programs may increase the risk of missing cases through procedural failures. A coordinated process quality assurance procedure to track recalls was, therefore, introduced in parallel to expansion (including MS-MS and 17alpha-OHP) in Bavaria. METHODS: Using comprehensive computerized registration and automated monitoring a state-funded center coordinated all individual measures to achieve complete testing of all repeat requests-case-specific contacts to physicians, midwives, and parents. Mailing and phoning from the center were supplemented by local public health activities including home visits if needed. RESULTS: Among 243,422 children tested in 1999 and 2000 overall recall was 3.62% (8,809 children): 0.30% (726) were due to sample inadequacy, 1.35% (3,282) to early sampling (<48 h), and 1.97% (4,801) to abnormal results. Of all recalls, 80.9% were received following the initial request, 1,679 (19.1%) required special efforts. Of these, 873 were achieved following a single and 601 following repeated central activities, and 102 were achieved following local support. Sixty-three cases of parental refusal and 47 untraceable children remained. Altogether, 98.8% recalls were achieved, corresponding to 99.96% of all tested children for which definite screening results could be obtained. CONCLUSIONS: Expansion of newborn screening programs does not necessarily mean unsolvable problems in tracking of recalls if adequate logistics is established in parallel.

Liebl, B., U. Nennstiel-Ratzel, et al. (2002). "Very high compliance in an expanded MS-MS-based newborn screening program despite written parental consent." Prev Med 34(2): 127-31.


OBJECTIVES: In Bavaria, Germany, an expanded MS-MS-based newborn screening program was implemented in 1999. The coverage of new additional conditions and novelty of technology required introduction of written parental consent. Here we evaluated the influence of the consent procedure on compliance by systematic demographic tracking. METHODS: Comprehensive information was provided for parents, professionals, and the public. Screening notifications were matched with all birth notifications on name and date of birth. Parents of children without screening notification were contacted and counseled. RESULTS: Between August 1, 1999, and July 31, 2000, 123,284 children eligible for screening were born. Of these, 116,652 were matched successfully. Among 6,632 parents contacted, 2,516 (2%) did not respond. Three thousand thirty-four children were screened but the parents initially refused to participate in tracking. Five hundred ninety-four were screened outside the program. Four hundred eighty-eight untested newborns were identified. Three hundred twenty-five screening failures due to logistic problems were tested subsequently. Screening was definitely refused by the parents of 163 children (0.1% of target population). CONCLUSIONS: With appropriate information provided and surveillance by tracking, high compliance with newborn screening can be achieved despite a written consent requirement.

Marshall, E. (2001). "Medicine. Fast technology drives new world of newborn screening." Science 294(5550): 2272-4.

Mushtaq I, Logan S, Morris M, Johnson AW, Wade AM, Kelly D et al. Screening of newborn infants for cholestatic hepatobiliary disease with tandem mass spectrometry. BMJ 1999; 319:471-477. 

     Abstract: OBJECTIVE: To assess the feasibility of screening for cholestatic hepatobiliary disease and extrahepatic biliary atresia by using tandem mass spectrometry to measure conjugated bile acids in dried blood spots obtained from newborn infants at 7-10 days of age for the Guthrie test. SETTING: Three tertiary referral clinics and regional neonatal screening laboratories. DESIGN: Unused blood spots from the Guthrie test were retrieved for infants presenting with cholestatic hepatobiliary disease and from the two cards stored on either side of each card from an index child. Concentrations of conjugated bile acids measured by tandem mass spectrometry in the two groups were compared. MAIN OUTCOME MEASURES: Concentrations of glycodihydroxycholanoates, glycotrihydroxycholanoates, taurodihydroxycholanoates, and taurotrihydroxycholanoates. Receiver operator curves were plotted to determine which parameter (or combination of parameters) would best predict the cases of cholestatic hepatobiliary disease and extrahepatic biliary atresia. The sensitivity and specificity at a selection of cut off values for each bile acid species and for total bile acid concentrations for the detection of the two conditions were calculated. RESULTS: 218 children with cholestatic hepatobiliary disease were eligible for inclusion in the study. Two children without a final diagnosis and five who presented at <14 days of age were excluded.  Usable blood spots were obtained from 177 index children and 708 comparison children. Mean concentrations of all four bile acid species were significantly raised in children with cholestatic hepatobiliary disease and extrahepatic biliary atresia compared with the unaffected children (P<0.0001). Of 177 children with cholestatic hepatobiliary disease, 104 (59%) had a total bile acid concentration >33 micromol/l (97.5th percentile value for comparison group). Of the 61 with extrahepatic biliary atresia, 47 (77%) had total bile acid concentrations >33 micromol/l. Taurotrihydroxycholanoate and total bile acid concentrations were the best predictors of both conditions. For all cholestatic hepatobiliary disease, a cut off level of total bile acid concentration of 30 micromol/l gave a sensitivity of 62% and a specificity of 96%, while the corresponding values for extrahepatic biliary atresia were 79% and 96%. CONCLUSION: Most children who present with extrahepatic biliary atresia and other forms of cholestatic hepatobiliary disease have significantly raised concentrations of conjugated bile acids as measured by tandem mass spectrometry at the time when samples are taken for the Guthrie test. Unfortunately the separation between the concentrations in these infants and those in the general population is not sufficient to make mass screening for cholestatic hepatobiliary disease a feasible option with this method alone.

Radomyska B.  [Early diagnosis of inborn errors of metabolism. New technologies].  Medycyna Wieku Rozwojowego.  5(1):95-103, 2001 Jan-Mar.

     Abstract:  Inborn errors of metabolism, in spite of their not very high incidence play more and more evident role in the causes of infant's mortality and morbidity. Therefore early diagnosis and early treatment becomes an important issue in contemporary medicine. The criteria for newborn mass screening, selective screening and supplementary screening as well as the new technologies, among others mass spectrometry, Tandem MS, were discussed.

Reilly PR, Page DC. We're off to see the genome. Nat Genet 1998; 20(1):15-17.

     Abstract: We discuss some societal and legal ramifications of the human genetics revolution. Our reflections were stimulated by discussions among scientists, citizens and legal experts at a large public symposium. We outline key issues regarding oversight of genetic research on human subjects, banking of DNA data by governments and corporations, the potential impact of behavioural genetics and effects upon racial and racist thinking. We contend that, in some cases, well-intentioned but naive efforts to protect the rights of individuals and groups may hurt everyone by blocking the progress of useful research 

Rhoades E.  King P.  Public health explores expanding newborn screening for cystic fibrosis, congenital adrenal hyperplasia, and medium-chain acyl coenzyme A dehydrogenase deficiency (MCAD).  Journal - Oklahoma State Medical Association.  94(4):129-32, 2001 Apr.

     Abstract:  Advances in technology provide new challenges to public health to implement screening programs that are effective, cost-efficient, and available to all infants regardless of ability to pay. The Newborn Metabolic Disorder Screening Program (NMDSP) of the Oklahoma State Department of Health is evaluating the expansion of newborn screening for the disorders of cystic fibrosis, congenital adrenal hyperplasia, and medium-chain acyl coenzyme A dehydrogenase deficiency (MCAD) to the current screening battery of disorders (phenylketonuria, congenital hypothyroidism, galactosemia, and sickle cell disease). The challenge is to offer these new screening tests in a cost-efficient manner that ensures all newborns have access to screening and that an infrastructure exists to diagnose and provide the specialized comprehensive care affected infants will require to reduce the morbidity, mortality, and disability associated with these disorders. Essential components of an effective newborn screening system include the smooth integration of sample collection, laboratory testing, follow-up, diagnosis, timely treatment, and tracking components. The NMDSP has recommended that screening should be expanded, but issues of cost and the establishment of a sustainable infrastructure of comprehensive medical services must be addressed

Rosenau PV. Reflections on the cost consequences of the new gene technology for health policy. Int J Technol Assess Health Care 1994; 10:546-561. (See abstract in Newborn Screening Costs/Financing)

Sade RM. Issues of social policy and ethics in gene technology. Methods Find Exp Clin Pharmacol 1994;16:477-489. (See abstract in Ethical/Legal/Social Issues)

Seashore MR, Walsh-Vockley C. Introduction: new technologies for genetic and newborn screening. Yale J Biol Med 1991; 64(1):3-7.

     Abstract: Screening newborn infants for inherited disorders has been effective in preventing mental retardation, growth failure, and death from several metabolic disorders for more than two decades.  Technical advances have provided more screening tools for both genetic and nongenetic conditions, and in the coming decades these techniques will be used not only to screen newborns but to assess genetic risks in entire populations. The financial, legal, and ethical issues which these activities raise must influence the development of public policies in order to reap the benefits promised. The conference published here was designed to address these issues for health care practitioners, health policy planners, and public health professionals 

Seashore MR. Tandem spectrometry in newborn screening. Curr Opin Pediatr 1998;10:609-614. 

     Abstract: Newborn screening for inborn errors of metabolism has improved the diagnosis and treatment of these disorders since the 1960s. Recently tandem mass spectrometry (MS/MS) was developed as a technique for expanding the scope and efficiency of newborn screening for inborn errors. It may offer more efficient identification of phenylketonuria, branched chain ketoaciduria (maple syrup urine disease) and homocystinuria, which are currently screened for by the use of bacterial inhibition assays. MS/MS also identifies analytes characteristic of disorders of fatty acid metabolism and organic acid metabolism, which are not identified in current programs. Recent studies indicate that MS/MS offers the opportunity to expand and advance newborn screening for inborn errors 

Shigematsu, Y., S. Hirano, et al. (2002). "Newborn mass screening and selective screening using electrospray tandem mass spectrometry in Japan." J Chromatogr B Analyt Technol Biomed Life Sci 776(1): 39-48.


Electrospray tandem mass spectrometry was applied to detect a series of inherited metabolic disorders during a newborn-screening pilot study and a selective screening in Japan. In our mass screening of 102200 newborns, five patients with propionic acidemia, two with methylmalonic acidemia, two with medium-chain acyl-CoA dehydrogenase deficiency, three with citrullinemia type II, and one with phenylketonuria were identified. In a selective screening of 164 patients with symptoms mainly related to hypoglycemia and/or hyperammonemia, 12 with fatty acid oxidation disorders and six with other disorders were found. The results indicated the importance of newborn screening using this technology in Japan.

Sweetman L. Newborn screening by tandem mass spectrometry (MS-MS) [editorial; comment]. Clin Chem 1996; 42(3):345-346.

     Comment on: Clin Chem 1996 Mar;42(3):349-55

Wertz DC. Ethical and legal implications of the new genetics: issues for discussion. Soc Sci Med 1992; 35:495-505. (See abstract in Ethical/Legal/Social Issues)

Zytkovicz, T. H., E. F. Fitzgerald, et al. (2001). "Tandem mass spectrometric analysis for amino, organic, and fatty acid disorders in newborn dried blood spots: a two-year summary from the New England Newborn Screening Program." Clin Chem 47(11): 1945-55.


BACKGROUND: Tandem mass spectrometry (MS/MS) is rapidly being adopted by newborn screening programs to screen dried blood spots for >20 markers of disease in a single assay. Limited information is available for setting the marker cutoffs and for the resulting positive predictive values. METHODS: We screened >160 000 newborns by MS/MS. The markers were extracted from blood spots into a methanol solution with deuterium-labeled internal standards and then were derivatized before analysis by MS/MS. Multiple reaction monitoring of each sample for the markers of interest was accomplished in approximately 1.9 min. Cutoffs for each marker were set at 6-13 SD above the population mean. RESULTS: We identified 22 babies with amino acid disorders (7 phenylketonuria, 11 hyperphenylalaninemia, 1 maple syrup urine disease, 1 hypermethioninemia, 1 arginosuccinate lyase deficiency, and 1 argininemia) and 20 infants with fatty and organic acid disorders (10 medium-chain acyl-CoA dehydrogenase deficiencies, 5 presumptive short-chain acyl-CoA dehydrogenase deficiencies, 2 propionic acidemias, 1 carnitine palmitoyltransferase II deficiency, 1 methylcrotonyl-CoA carboxylase deficiency, and 1 presumptive very-long chain acyl-CoA dehydrogenase deficiency). Approximately 0.3% of all newborns screened were flagged for either amino acid or acylcarnitine markers; approximately one-half of all the flagged infants were from the 5% of newborns who required neonatal intensive care or had birth weights <1500 g. CONCLUSIONS: In screening for 23 metabolic disorders by MS/MS, an mean positive predictive value of 8% can be achieved when using cutoffs for individual markers determined empirically on newborns.

VII.  Treatment/Management

Farrell M.  Certain L.  Farrell P.  Genetic counseling and risk communication services of newborn screening programs.  Archives of Pediatrics & Adolescent Medicine.  155(2):120-6, 2001 Feb.

Comment in: Arch Pediatr Adolesc Med. 2001 Feb;155(2):117-8

     Abstract:  OBJECTIVES: Newborn screening test results labeled "positive" can have uncertain implications for parents, especially when false-positive results occur or when heterozygous infants are detected using molecular tests for sickle cell hemoglobinopathy or cystic fibrosis. This study surveyed communication services across state newborn screening programs. METHODS: We surveyed newborn screening programs to identify current communication practices and the methods used for quality assessment. Two successive survey instruments with fixed-answer and free-answer questions were distributed to screening program follow-up coordinators or similar designated officials associated with 52 states and territories. RESULTS: Replies from 46 respondents (89% response rate) revealed that regional newborn screening programs vary widely in their approaches to counseling. Of the 46 respondents, 35 (76%) answered that they "routinely" provide counseling services to families of affected infants. Depending on the disease, an average of approximately one-half that number provide counseling after false-positive results or for heterozygous infants. Most respondents advocate nondirective counseling more than direct advice. Most programs reported that counseling was usually done by subspecialist physicians or specially trained nurses and counselors. Respondents reported a perception that the "quality" of counseling by these professionals is better than counseling by primary care physicians. Few programs reported systems for assessing quality assurance of counseling. CONCLUSIONS: Newborn screening programs in the United States vary widely with regard to counseling practices, and no best practices are currently evident. Few programs provide counseling quality assurance. Further study and advocacy is needed to optimize communication services, preferably before implementation of molecular tests arising as a result of the Human Genome Project.

Hanson JW. Genetic counseling. Clin Commun Disord 1991; 1:26-28. 

     Abstract: Achieving the clinical goal of genetic counseling continues to be the proper role of all professionals who deal with disorders and conditions that have a genetic component. That group includes the SLP. One major problem is determining when information can be given generally and when referral to a genetic counselor is needed. Another problem is helping the public accept the idea of genetic counseling as one useful part of the health care system. Of special importance now is the development of new methods for identifying the genetic contribution to diseases and disorders.  Careful attention is needed for the effective integration of this new technology into our patterns of health care delivery and public health policy in general.

Holtzman NA. Dietary treatment of inborn errors of metabolism. Annu Rev Med 1970; 21:335-356. 

Wheeler, P. G., R. Smith, et al. (2001). "Genetic counseling after implementation of statewide cystic fibrosis newborn screening: Two years' experience in one medical center." Genet Med 3(6): 411-5.


PURPOSE: To study the follow-up of genetic counseling performed in families with a newborn detected with one cystic fibrosis (CF) mutation in a statewide newborn screening pilot program. METHODS: Newborns in Massachusetts with an elevated trypsinogen level on newborn screen who are found to have one mutation for CF on a selected mutation assay undergo sweat testing for CF, and their families receive genetic counseling. The genetic counseling focuses on carrier risk for the parents of the newborn and offers carrier testing. We studied the yield of genetic counseling and the resulting genetic testing performed on the families of infants found to be CF carriers who underwent sweat testing in a single institution. RESULTS: Of 102 newborns evaluated with a single CF mutation, 2 (twins) had sweat test results consistent with CF. A total of 101 families were counseled, and 95 were offered DNA-based CF carrier testing. Eighty-two percent of all parents chose to have CF carrier testing, and in five couples, both members were carriers. One of these couples (whose newborn was only a carrier) had an older child who was unexpectedly found to have CF. CONCLUSIONS: Sweat testing of newborns at increased risk for CF in conjunction with genetic counseling for their parents allows identification of infants with CF, finds couples at high risk for having a child with CF, identifies previously undiagnosed siblings with CF, and allows for potential identification of CF carriers in the extended family.
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