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Newborn screening: what pediatricians should know
Letícia Lima Leão,1 Marcos José Burle de Aguiar2

Abstract

Objective: To review the literature on the current situation of neonatal screening worldwide and in Brazil. To define

the role of pediatricians in neonatal screening programs.

Sources:Scientific articles selectedbymeansof searches runon themedicalwebsitesMEDLINE,Cochrane, PubMed

(MeSH) and MD Consult, using the keywords newborn screening, neonatal, pediatrics, diagnosis, primary care, ethics

and their equivalents in Portuguese, in isolation and in combination, in addition to medical textbooks on genetics and

inborn errors of metabolism, published between January 1998 and December 2007, the National Neonatal Screening

Program technical standards and routines manual, and Ministry of Health decree 822/2001.

Summary of the findings: Published data demonstrate a great diversity in the number of diseases included in

the neonatal screening programs of different countries. In Brazil, the National Neonatal Screening Program was set up

in 2001, to screen for phenylketonuria, congenital hypothyroidism, sickle-cell anemia and cystic fibrosis. Screening for

awider rangeof conditionsusingmass spectrometry is currently the subject of disagreement anddiscussionof financial

and ethical issues.

Conclusions: Neonatal screening is one of the most important advances for the prevention of pediatric diseases.

Nevertheless, implementation is complex, multidisciplinary and dependent on public health policies and, to date, there

is no consensus on which diseases should be included. A large number of scientific and ethical questions need to be

discussed in order to better define the screening panels to be implemented. Pediatricians have important roles to play

in all stages of neonatal screening programs.

J Pediatr (Rio J). 2008;84(4 Suppl):S80-90: Neonatal screening, genetic screening, pediatrics, medical genetics, ethics,
medical ethics.

Introduction

Neonatal screening was proposed by Dr. Robert Guthrie in

1963.1 The method proposed, and later adopted widely all

over theworld,wasabacterial inhibitionassayperformedwith

dry blood samples, collected on filter paper, to detect pheny-

lalanine concentrations. The treatment for phenylketonuria

basedon restrictingphenylalanine in thediet hasalreadybeen

discovered a decade earlier, but if initiated after onset of the

disease’s symptoms, it did not reverse the neurological dam-

age. Guthrie’s objective was to identify individuals with phe-

nylketonuria during the presymptomatic phase in order to

initiate treatment earlier.

Later, several other metabolic, endocrinal, hematological

and infectious diseases were added to the screening panel.

The diseases most often screened for worldwide are: phe-

nylketonuria, congenital hypothyroidism, sickle-cell anemia

and other hemoglobinopathies, cystic fibrosis, galactosemia,

biotinidase deficiency, congenital adrenal hyperplasia, maple

syrup urine disease, medium-chain acyl-coenzyme A dehy-

drogenase deficiency (MCAD) and tyrosinemia.2

The diseases tested for vary greatly in different countries,

or even in the different regions or states of a single country,

depending on health policy decisions that are taken based on

epidemiological, ethnic, social, economic and ethical factors.

1. Mestre, Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, MG, Brazil. Especialista em Genética Médica e Pediatria. Membro, Serviço de Gené-
tica, Hospital das Clínicas, UFMG, Belo Horizonte, MG, Brazil.

2. Doutor, UFMG, Belo Horizonte, MG. Especialista em Genética Médica e Pediatria. Professor associado, Departamento de Pediatria, Faculdade de Medicina,
UFMG, Belo Horizonte, MG, Brazil.Vice-diretor, Núcleo de Ações e Pesquisa em Apoio Diagnóstico (NUPAD), Faculdade de Medicina, UFMG, Belo Horizonte,
MG, Brazil.

No conflicts of interest declared concerning the publication of this article.

Suggested citation: Leão LL, Aguiar MJ. Newborn screening: what pediatricians should know. J Pediatr (Rio J). 2008;84(4 Suppl):S80-90.

doi:10.2223/JPED.1790

S80



Pediatricians can find information on the panels of diseases

tested for in many different parts of the world on the website

of the International Society for Neonatal Screening (ISNS):

http://www.isns-neoscreening.org/. This site provides use-

ful information, protocols and recommendations on neonatal

screening and links to a large number of neonatal screening

societies worldwide.3

A major change took place during the 1990s, when tan-

dem mass spectrometry (MS/MS) was introduced for the

quantitative analysis of amino acids and acylcarnitines on fil-

ter paper. Nowadays diseases of amino acid metabolism and

fatty acid oxidation and the organic acidemias can also be

diagnosed. It is possible to screen for more than 40 metabolic

diseases using a single blood sample in approximately 2

minutes.2,4-9

Today, neonatal screening is the best known and most

widely used genetics-related preventative pediatric public

health initiative in the world.10-12 In Brazil, it is also the larg-

est initiative carried out by the Brazilian National Health Ser-

vice (SUS - Sistema Único de Saúde) in the area of genetics.

Although pediatricians and family doctors have a preeminent

role to play in the success of screening, the participation of

both specialists in the programs that exist worldwide remains

low.2,12-15 In this article we will review the literature and pro-

vide an update on the aspects of neonatal screening that are

most important to pediatricians, with the intention to form a

critical opinion and to increase their participation in the Min-

istry of Health’s National Neonatal Screening Program (NNSP)

and intervention in the private screening tests that exist in

Brazil.

The concept of neonatal screening

Screening is a process of filtration, of choosing. The neo-

natal screening tests arenot diagnostic, they separate apopu-

lation of newborn infants into two groups: one made up of

those who may have a given disease, the other by those who

probably do not have it.6 In order to perform neonatal screen-

ing, it is, therefore, necessary that there be an adequate test

with high enough sensitivity (the capacity to correctly iden-

tify those who have the disease, i.e., with no or very few false

negatives) and reasonable specificity (the capacity to cor-

rectly identify those who do not have the disease, i.e., with

few false-positives).11,16

Criteria for neonatal screening programs

The criteria habitually used for screening programs gen-

erally follow those proposed by James Wilson and Gunnar

Jungner in 1968, in a document published by the World Health

Organization (WHO). These criteria are as follows: the condi-

tion to be screened must be an important health problem; the

natural history of the disease must be well-known; there must

be an identifiable early stage; early treatment must provide

greater benefits than at later stages; an appropriate test must

be developed for the early stage; the test must be acceptable

to the population; intervals must be defined for repeating the

test; healthcare service provision must be adequate for the

extra clinical work resulting from screening; the risks, both

physical and psychological, must be less than the benefits.17

Neonatal screening does not always manage to meet all

of these criteria, since the group of diseases is highly heter-

ogenous and controlled randomized trials are difficult to carry

out, as some of them are very rare.5,18

The characteristics of neonatal screening

Neonatal screening is not simply carryingout tests to iden-

tify the concentrations of certain substances in the blood. It is

also more than a public system to ensure that each result is

linked to a given newborn child who will then undergo diag-

nostic testing and, if indicated, be referred for appropriate

treatment. Neonatal screening is a system of five stages that

is habitually organized and carried out by the public health

system, which has the resources and authority necessary to

carry out universal screening, and in which pediatricians play

an important role.2,13,14,17,19-21

The first step is to carry out the screening tests them-

selves. The objective is to achieve universal screening, i.e.,

all newborn infants should be screened. During this phase

obstetricians and pediatricians are of fundamental impor-

tance. Parentsneed tobeaware thatneonatal screeningexists

and receive explanations in advance about: the benefits of

early detection of the diseases being screened and which dis-

eases these are; the risks for newborns who do not undergo

testing; the correct age for testing; the need for subsequent

tests to confirm diagnosis when screening is positive; the pos-

sibility of false positives; and the follow-up process and the

mechanism by which results are received.2,21

Pediatricians must be aware of the factors that can have

an effect on results, such as incorrect age (in Brazil it is rec-

ommended that samples be taken between 3 and 7 days of

life), prematurity, diet, transfusions and total parenteral

nutrition.2

The second stage, which in Brazil is called the active

search, is following up on results and locating infants and their

families, primarily when results are positive, since the time at

which treatment is started is crucial to preventing morbidity,

mortality and sequelae. Families must be informed of abnor-

mal results as quickly as possible so that confirmatory diag-

nostic tests canbe carriedout. The family shouldbe supported

by a pediatrician who should explain the significance of posi-

tive screening results and the possibility of false positives and

arrange referral for confirmatory testing.22,23 On receiving

abnormal screening results, the first action a pediatrician

should take is to confirm whether the child is well and asymp-

tomatic. Any child who is not well should be urgently assessed

and may need to be admitted to hospital for support or spe-

cific treatment.24
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Negative results must also be provided as quickly as pos-

sible. The policy that no news is good news must not be

adopted.20 Performing screening arouses expectations in

families and they have the right to know the results as quickly

as possible.

The third stage is carrying out the diagnostic tests, which

will vary depending on the disease and which, often, require

specialized laboratories. In this stage true positive results are

differentiated from false positives.20 Pediatricians will need

to be guided by specialist disease centers and, very often, will

refer their patients for treatment over the long term.

The fourth stage is treatment, which is very often lifelong.

In a large proportion of these diseases multidisciplinary

follow-up is needed in addition to regular care by the refer-

ring pediatrician, who has more opportunities for contact with

the patient and their family. Therefore, the pediatrician will

need to keep informed of pathophysiologic, clinical and psy-

chosocial features of the disease. Genetic counseling is also

part of this stage, including the detection of other carriers in

the family, the recurrence risk, and the possibilities for pre-

natal diagnosis in couple´s future pregnancies.2,21,25

The fifth stage is the periodical assessment of all stages

and components of the system: validation of the tests

employed, verification of efficiency of the active search and

of interventions, confirming the benefits for patients, their

families and society. This is the critical evaluation of the sys-

tem which must be constant and ongoing. In this stage popu-

lation coverage is investigated and the time taken for each

stage is calculated, and an analysis made of obstacles to early

diagnosis and treatment. The efficacy of treatment is deter-

mined and problems with execution and maintenance identi-

fied. The impact of diagnoses on families is also investigated

as are the effects of screening on the population.2,21,25

The American College of Medical Genetics (ACMG) also

recommends a sixth stage in which health professionals and

the public are educated.2,26

These characteristics demonstrate that neonatal screen-

ing is more than merely performing laboratory tests. It is a

complex system and, for it to be successful, it is indispens-

able that the health system participates.

Free and informed consent

With the addition of DNA testing to neonatal screening,

consumers, health professionals and healthcare policy mak-

ers began to propose that a free and informed consent form

be introduced, both for the screening tests and for the desti-

nation of the samples. Consensus has not yet been reached,

but specialists recognize the benefits of the free and informed

consent formasan instrument for educatingparents.2,27 With

the capacity to extract DNA from the filter paper and carry

out DNA testing has come the need for parents to know what

will happen to the material collected from their children.

Benefits and risks of neonatal screening

Neonatal screening involves both benefits and risks.

Among the benefits is the detection of serious, but treatable

diseases before the symptoms emerge, preventing problems

such as mental retardation or even death. Another benefit is

the identification of carriers of certain diseases, making it pos-

sible to offer genetic counseling and achieve conscious

reproduction.

The most important risks are: failure to identify some

(few) affected newborn infants (false negatives), causing

anxiety to parents in false positive cases, detection of false

paternity, detection of diseases for which there is no effective

treatment.

It should also be borne in mind that, in some diseases,

there are variants that only manifest later in life and lead to

false-negative diagnoses.

Screening with tandem mass spectrometry

Tandem mass spectrometry is a system where two mass

spectrometers are placed in sequence and separated by a col-

lision cell. The blood collected on filter paper is eluted and ion-

ized by eletrospray. Ions are separated by charge in the first

spectrometer, selected by a computer program, and pass into

the collision cell where they are fragmented. The fragments

are then analyzed and identified according to their mass by

the second spectrometer.4,8,19,24

The entire analysis process takes around 2 minutes and,

at the end, more than 40 metabolic diseases can be identified

fromasingle sample.8 These includeaminoacidopathies, fatty

acid oxidation disorders and organic acidemias. This makes

possible the early diagnosis and presymptomatic treatment

of many metabolic diseases. However, there are doubts about

the efficacy of treatment in some diseases, about the natural

historyof others andabout their cost-benefit ratio and theeth-

ics involved.17,28

In common with other neonatal screening programs, the

expanded screening using MS/MS was not implemented on

the basis of controlled trials documenting its efficacy, but on

the basis that without early diagnosis, the clinical course of

metabolic diseases is uniformly bad. Furthermore, the tech-

nology has become available and economically feasible, facili-

tating its application.7,24

The detection of rare diseases with which pediatricians are

unfamiliar, the need for an immediate follow-up, complicated

logistics, fast execution of confirmatory tests, specialized

treatment and the need to avoid family anxiety all demand

the development of a well-organized network, linking the

screening system to a service with appropriate infrastructure

for the treatment of metabolic diseases.29

Nowadays there is a great deal of disagreement about how

many and which diseases should be screened for using this

method. Some authors defend the position that the greatest
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possible number of diseases should be diagnosed, consider-

ing that, for pediatricians, the essence of the specialty is pre-

ventative medicine and that, even for diseases for which there

is no treatment, it is important that families know the diagno-

sis and are given appropriate genetic counseling.4,30,31 Other

authors consider that there is not sufficient information about

the efficacy of expanded screening and that there is a lack of

properly conducted research into treatment for these dis-

eases. They question the strategy of offering results about a

large number of diseases for which there is little or no evi-

dence of benefit for those affected.32,33

Certain unfavorable aspects that have been discussed

include the level of stress triggered in the families of children

given false positive results34 and increase in long-term costs

without, to date, knowing whether the benefits are worth it.

Some of the possible causes of false-positive screening

results with MS/MS are prematurity, dietary supplementa-

tion with medium-chain triglycerides or carnitine,35,29 physi-

ological variations in analyte levels, parenteral nutrition and

antibiotics that contain pivalic acid , which can masquerade

as isovaleric acidemia.19,36 Tyrosine is often elevated in pre-

term infants and even in full-term children, without there

being a defect in the metabolism of this amino acid. Maternal

vitamin B12 deficiency changes the profile of infants’ acylcar-

nitines, posing as propionic acidemia. These changes disap-

pear if the vitamin is replaced.24

False negatives can occur depending on the age at which

the sample was collected, because the analytes exhibit differ-

ences in the postnatal profile.37 Normal levels may occur dur-

ing the neonatal period, for example, in homocystinuria.

Diagnosis of glutaric acidemia type I is difficult because the

metabolites of interest for analysis may remain normal when

patients are not in acute crises.24

One disease that practically all countries with access to

MS/MS technology consider appropriate for screening is

MCAD, because of its potential lethality, high frequency in the

population and the simple and safe treatment once diagnosis

has been made.17,30 Nevertheless, we now know that many

of the cases of MCAD that are diagnosed are mild and that,

even if left undiagnosed, they would not progress to decom-

pensation.18 Some diseases cannot be easily identified by

MS/MS screening, including: lysosomal storage diseases (for

example: mucopolysaccharidosis), the porphyries, carbohy-

drate metabolism diseases (for example: fructosemia), con-

genital lactic acidemias, peroxisomal diseases and the

majority of the oxidative phosphorylation disorders. Urea

cycle diseases that do not lead to increased citrullin levels are

also not detected.24

Addition of tandem mass spectrometry tests to

screening programs

The response to neonatal screening by MS/MS was differ-

ent in the United States, Europe and in some other countries

in other continents.

In the United States, the ACMG17,26,38 convened a multi-

disciplinary group (the Newborn Screening Expert Group)

which reviewed the entire neonatal screening structure in the

different states and defined a panel of 29 diseases for neona-

tal screening. They listed nine organic acid metabolism dis-

eases, five fatty acidmetabolismdisorders, and six aminoacid

metabolism diseases, screened for with MS/MS, in addition

to sickle-cell anemia and two other hematological diseases,

congenital hypothyroidism, galactosemia, congenital adre-

nal hyperplasia, cystic fibrosis, biotinidase deficiency and

deafness, assessed by other methods.39

After analyzing neonatal screening in the United States,

this group made some very important statements, including

the following principles:

1 - Screening should be universal and should be a public

responsibility.

2 - It should be primarily focused on affected infants with a

secondary focus on all other newborn infants, their fami-

lies, health professionals and the general public.

3 - Neonatal screening is not restricted to tests. It is a coor-

dinated and inclusive system that consists of education,

screening, follow-up, diagnosis, treatment, and manage-

ment and periodic program assessments.

4 - Physicians and other public and private components of

the program should be in close communication to guar-

antee confirmatory tests and appropriate follow-up and

care of the newborns identified.

5 - The diseases recommended should be based on scientific

evidence and expert opinion.

6 - To be included in the screening program a disease must

fulfill the following minimum.conditions: it must be iden-

tifiable during a phase in which it would not ordinarily be

clinically detected, there must be a test with appropriate

sensitivity andspecificity, and theremustbebenefits from

early detection, timely intervention and effective treat-

ment.

7 - Health data must be centralized to allow longitudinal

monitoring of the specific diseases of the program.

8 - The program must have policies in place to ensure confi-

dential storage and appropriate use of specimens.

9 - Public awareness, professional training and family edu-

cation are responsibility of the program.26

In Europe, MS/MS implementation has been slower. In

January of 2007, seven countries had expanded their screen-

ing, the majority of which did so after 2004. In some of these

countries, MS/MS screening does not cover the entire coun-

try. The number of diseases screened for with MS/MS was

much lowerandvaried fromtwo (phenylketonuria andMCAD),

in Great Britain and Switzerland to 20 in Austria.40 These dif-

ferences with relation to the United States are the result of

different risk-benefit assessments.
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TwoEuropeancountries,GermanyandGreatBritain,merit

special consideration. InGermany, expandedscreeningbegan

in 1999 with an unrestricted approach. In 2002, the health

authorities decided to limit the number of metabolic diseases

detected by MS/MS to 10 and ruled that positive findings of

other diseases, discovered accidentally, would be ignored and

not passed on.5 Furthermore, all samples are disposed of 3

months after collection.

In Australia and Japan, expanded screening is carried out

without restrictions.

In Great Britain, two technology assessment groups were

set up and reached different conclusions: one group found

strong reasons for introducing a pilot MS/MS screening study

for a larger number of diseases;41 while the other group rec-

ommended a pilot study of screening for MCAD, glutaric aci-

duria type 2 and phenylketonuria42 and was against including

any other diseases.

Physicians’ knowledge about expanded screening

by tandem mass spectrometry

After the introduction of expanded screening by MS/MS in

the United States, a great deal of research was carried out

with pediatricians and family doctors to evaluate their roles.

These investigations found that, although these specialist

demonstrated interest and many of them were actually

involved in expanded screening, their knowledge about the

diseases involved was scant and they were not prepared for

treatment and management of children found to be positive

by screening.13,14,22,23 The Newborn Screening Expert Group

found a clear disparity between the information available and

the information needed by the primary care physician (pedia-

tricians and family doctors) to ensure an immediate response

to positive screening tests and so recommended that profes-

sional training should be the responsibility of the screening

system. They also developed a list of actions (ACT sheets) to

be taken in the event of a positive diagnosis for each of the

diseases proposed for testing.24,43 These are available on the

National Newborn Screening and Genetics Resource Center’s

website : http://genes-r-us.uthscsa.edu/.

Neonatal screening in Brazil

The first experiments with neonatal screening in Brazil

began during the 1960s and were introduced by the pediatri-

cian Prof. Benjamim Schmidt.44 He was director of the Asso-

ciação dos Pais e Amigos dos Excepcionais (APAE – literally

the “association of the parents and friends of the special” – it

is a not-for-profit social organization dedicated to the preven-

tion of diseases that cause disability and the inclusion of

people with disabilities) in São Paulo when it started neonatal

screening for phenylketonuria in 1976. In 1980, APAE added

congenital hypothyroidism to their screening.15,45

After this, many other private laboratories, primarily

located in the Southeast and South administrative regions of

Brazil, made tests available for neonatal screening for a range

of diseases.44,45

In 1990, the Children’s and Adolescents’ Statute (Law

8069/1990) made neonatal screening obligatory. In 1992,

Ministry of Health decree 22 reaffirmed the obligatory nature

of neonatal screening and added testing for phenylketonuria

and congenital hypothyroidism. These procedures were then

added to the SUS table of tests to be offered by any labora-

tory, which gave greater impetus to neonatal screening in the

different states of Brazil and resulted in the first state-wide

programs.44,45

In 2001, Ministry of Health decree 822, of the 6th of June,

created the NNSP.15,44,45 This expanded the neonatal screen-

ing program in Brazil to four diseases (phenylketonuria, con-

genital hypothyroidism, sickle-cell anemia and cystic fibrosis)

and the objective was to achieve 100% coverage of live births.

This is a public program, coordinatedby theMinistry ofHealth,

although it does involve laboratories and other private insti-

tutions in its structure. It defines the neonatal screening as a

five-stage process, similar to what was recommended by the

ACMG (2005), i.e., laboratory testing, active search for sus-

pected cases, diagnostic confirmation, treatment and

follow-up by a multidisciplinary team. A protocol was com-

piled with clear standards that guide all phases of the screen-

ing program. Control is maintained by means of monthly

reports that each specialist center must send to the Ministry

of Health.

The program should be implemented in three phases,

depending on the level of organization and coverage in each

state. During phase I, the diseases screened for are phenylke-

tonuria and congenital hypothyroidism. In phase II, screen-

ing for sickle-cell anemia and other hemoglobinopathies is

added to the phase I diseases. In phase III, screening for cys-

tic fibrosis is added to the panel of diseases.44

By May of 2006, all of the states in Brazil had already intro-

duced neonatal screening for phenylketonuria and congeni-

tal hypothyroidism, all functioning according to the NNSP

protocols. Ten states were in phase II and three had reached

phase III. Coverage for congenital hypothyroidism and phe-

nylketonuria was approximately 80%, which corresponds to

2,497,291 newborn infants/year.44 Notwithstanding, some

states already had better than 95% coverage for all four

diseases.46,47

When compared with screening in the United States, it

might seem that the panel of diseases screened by the NNSP

is a timid intervention. In fact this is exactly the same panel

that is offered in Great Britain, since it is only after April of

2009 that screening for MCAD will be offered to 100% of the

population in those countries.48

Diseases included in the National Neonatal

Screening Program

Phenylketonuria. This is an inborn error of metabolism,

of autosomal recessive etiology, resulting from an absence or
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almost total deficiency of the enzyme phenylalanine hydroxy-

lase, which leads to increased plasma phenylalanine concen-

trationsand increasedurinaryexcretionof phenylpyruvic acid.

The level of phenylalanine in blood is greater than 10 mg/dL

or 600 μmol/L. Cases are classified according to phenylala-

nine levels as mild phenylketonuria between 10 (600 μmol/L)

and 20 mg/dL (1,200 μmol/L), and as classical phenylketo-

nuria above 20 mg/dL (1,200 μmol/L). Values between 4

mg/dL (240 µmol/L) and 10 mg (600 µmol/L) are observed in

transitory or permanent hyperphenylalaninemia patients,

depending on clinical course, and these people will not require

dietary treatment. It is, however, necessary to be alert to

increased phenylalanine in females since permanent hyper-

phenylalaninemia, in commonwithphenylketonuria itself, can

result in their offspring suffering from a condition known as

maternal phenylketonuria (microcephaly, mental retarda-

tion and congenital heart disease). Differential diagnosis

should also involve ruling out a deficiency of BH4, which is a

coenzyme of phenylalanine hydroxylase.2,15,45 The inci-

dence of phenylketonuria varies across the different states

and regions of Brazil, from 1:21,000 to 1:13,500 live births.

If not treated as soon as possible, those affected frequently

develop mental retardation and behavior disorders. Treat-

ment consists of restricting phenylalanine in the diet and

monitoring serum phenylalanine levels.15

Congenital hypothyroidism. This is a deficiency of thy-

roid hormone at birth and is one of the principal treatable

causes of mental retardation, with an incidence of 1:4,000 to

1:3,000 live births. In general it is the result of some type of

thyroid dysgenesis, 85% of cases are sporadic and there are

a range of etiologies. Screening is made by assaying tireoyd

stimulating hormone TSH and free thyroxin. Treatment is by

oral levothyroxine replacement, with clinical monitoring of

growth and development, and blood hormone levels. In a

small percentage of cases, congenital hypothyroidism can be

the result of hormonal synthesis defects, of an autosomal

recessive nature.15,45

Sickle-cell anemia. This is a group of diseases charac-

terized by abnormal hemoglobin β chains, resulting in ane-

mia due to chronic hemolysis and intermittent episodes of

vessel oclusion accompanied by intense pain and other com-

plications. Its incidence is 1:2,500 to 1:1,000 live births, and

its etiology is autosomal recessive. Neonatal screening can

identify individuals with other hemoglobinopathies and also

carriers. Prophylaxis against infections, immunization and

education of families to identify the principal complications

and seek treatment rapidly can reduce morbidity and

mortality.15,45

Cystic fibrosis. This is a disorder of exocrine function

associated with the cystic fibrosis transmembrane conduc-

tance regulator (CFTR)proteinwhich regulates the flowof ions

in epithelial surfaces. The principal findings are in the exo-

crine pancreas, lungs, intestine, liver, sweat glands and the

male reproductive system.There are severe repercussions for

nutrition andgrowth, andmanyof thoseaffecteddie frompul-

monary problems. Incidence varies with ethnicity, being more

common in Caucasians, among whom incidence is 1:3,500

live births. In Brazil, its incidence is around 1:10,000 live

births.47 Its etiology is autosomal recessive.

Screening is made by assaying immunoreactive trypsin

(IRT), and diagnosis is confirmed by the sweat test (Ministry

of Health). In Brazil, the prevalence of the delta F 508 muta-

tion is much lower than in the United States and Europe, and

the profile of the most frequent mutations is also different,

making the use of a mutation panel difficult.

Treatment requires nutritional support, supplementation

of liposoluble vitamins (A, D, E, K), pancreatic enzyme

replacement, bronchodilators, respiratory physiotherapy and

prevention of pulmonary infections. Early diagnosis reduces

its morbidity, and some studies have reported increased

survival.15,47,49-52

One problem with neonatal screening for cystic fibrosis is

the rate of false positives results, which create an expecta-

tion of severe disease and are numerous when IRT assays are

used. False negatives are associated with meconium ileus and

late screening, since IRT levels fall off after 3 weeks (Table

1).45

Other screening tests in Brazil

Private laboratories carryout diagnostic tests for otherdis-

eases for which neonatal screening is possible, but which have

not yet been added to the NNSP. These laboratories do not

haveuniversal screeningas their objectiveandneither do they

participate in a screening program with the five characteristic

stages of neonatal screening, but theydooffer screening tests

and the initial guidance for obtaining diagnosis and treat-

ment. Since they are offered at many private maternity units,

it is necessary that pediatricians inform themselves about the

tests and the diseases they identify.

Biotinidase deficiency is an autosomal recessive disease

that affects biotin recycling. Biotin is a water soluble vitamin

of the B complex which acts as a cofactor for carboxylase com-

plex enzymes. The disease may manifest from a few weeks

after birth up to 10 years of age. Secondary biotin deficiency

results in neurological abnormalities, dermatological disor-

ders, hearing loss and optical atrophy and, later, may cause

mental retardation.45,54,55 Although incidence in the United

States is approximately 1:126,000 to 1:62,000, treatment is

simple and inexpensive, by oral biotin replacement.

In the Brazilian state of Paraná, screening for biotinidase

deficiency is already offered as part of their neonatal screen-

ing program, which is affiliated to the NNSP and, in the state

of Minas Gerais, the state neonatal screening program has an

ongoing pilot project screening for this disease (personal

experience).
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Congenital adrenal hyperplasia is a cluster of enzymatic

defects of genetic origin which interfere in cortisol biosynthe-

sis, and, frequently, aldosterone biosynthesis. Incidence is

approximately 1:15,000. The salt-wasting forms can cause

death and may lead to virilization in women. The most com-

mon defect is 21-hydroxylase deficiency, which can be iden-

tified during neonatal screening by 17-OH-progesterone

assay. There are problems with relation to defining cutoff

points for the test, and if samples are taken after 7 days the

benefits of screening are reduced.2,56 Treatment is with glu-

cocorticoidsandwithmineral corticoids for salt-wasting forms.

There is disagreement about the cost-benefit ratio of the test

and whether further studies are needed to justify neonatal

screening for this disease.57 Congenital adrenal hyperplasia

is also the subject of a pilot project in the state of Minas Gerais

(personal experience).

Galactosemia is an increase in the concentration of galac-

tose in the blood, caused by a variety of autosomal recessive

conditions. The most common of these is 1-phosphate uridyl-

transferase deficiency, which has an incidence of 1:40,000 in

the United States. The clinical manifestations are vomiting,

jaundice, hepatomegaly, cataracts, delayeddevelopment and

septicemia, among others. Treatment consist in exclusion of

galactose from the diet and, despite improvements in sur-

vival, efficacy is limited with relation to long term

complications.2,58

Medium-chain acyl-coenzyme A dehydrogenase defi-

ciency is the principal disease among the fatty acid oxidation

defects. Its most common manifestations are episodes of

hypoglycemia, which can be triggered by infections or pro-

longed fasting. Theseare symptomswith early onset thatmay

appear during the first days of life. A significant percentage of

patients die from the first episode.45

In Brazil, laboratories screen for this disease using poly-

merase chain reaction (PCR) to test for the A985G mutation,

which is responsible for this disease in the great majority of

cases (98%) in developed countries, or by MS/MS. In the

United States MS/MS is used to screen for this disease.45

Infectious diseases and congenital infections, such as

toxoplasmosis, cytomegalovirus, syphilis, rubella, Acquired

Immunodeficiency Syndrome and Chagas disease, can also

be included in neonatal screening. There is no systematic view

of what value screening for these conditions might be for new-

borns.26,30 Another important factor is that, in a large propor-

tion of pregnancies, diagnostic investigation of the mother is

carried as part of prenatal care.

In the state of Minas Gerais, a pilot project concluded that

including Chagas disease in neonatal screening could not be

justified. Another pilot project with congenital toxoplasmosis

found elevated incidence, especially in regions with lower

Table 1 - Laboratory procedures used for neonatal screening in Brasil 2,15,47,53

Disease

Filter

-paper screening

(method) Confirmation False positives False negatives

Phenylketonuria - Phenylalanine

- Fluorometric,

enzymatic or MS/MS

- Repeat with fresh

sample or phenylalanine

and tyrosine by HPLC or

MS/MS

- Mother with

phenylketonuria

- High protein intake

- Premature sampling

- Low protein intake

- Prematurity

- Transfusion

- Dialysis

Hypothyroidism - TSH or T4 and TSH

- RIA, fluorometric or

enzymatic

- T4 and TSH venous

blood by RIA

- Sample taken during

first 24 hours of life

- Prematurity

- Transfusion

Sickle

- cell anemia

- Hemoglobin

- IEF or HPLC

- IEF or HPLC

- If there has been a

transfusion, wait 3

months

- Transfusion

- Prematurity

- Transfusion

Cystic fibrosis - IRT

- Immunofluorometry or

TRF

- Repeat IRT on filter

paper after 15 days,

sweat test and/or DNA

analysis

- Low Apgar score

- Agenesis of pancreatic

ducts

- Intestinal obstruction

- Meconium ileus

- Patients without

pancreatic insufficiency

- Sample taken after 30

days

HPLC = high performance liquid chromatography; IEF = isoelectric focusing; IRT = immunoreactive trypsin ; MS/MS = tandem mass spectrometry; RIA
= radioimmunoassay; TRF = time resolved fluorescence.
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socioeconomic status, and detected that severe ocular dam-

age had already occurred by the time of diagnosis (personal

experience).

Congenital deafness has an estimated incidence of

1:1,000 live births and a range of etiologies. At least half of

these cases can be attributed to genetic causes (both syndro-

mic and non-syndromic); while the other half are related to

environmental factors (for example: exposure to ototoxic

drugs, rubella or cytomegalovirus).10 The objective of neona-

tal screening is to identify hearing loss early to enable faster

intervention. Hearing deficiencies that are not identified and

are left untreated affect speech and other cognitive abilities.

Screening is carried out using computerized equipment

that measures the automatic auditory response of the brain-

stem or distortion evoked otoacoustic emissions. The second

method is more widely used in Brazil, for economic reasons

andbecauseof the simplicity of the technique;however, it pro-

duces higher rates of false-positives, particularly if there is

some type of obstructive process in the auditory canal.10

Tandem mass spectrometry in Brazil

Some laboratories in Brazil have already acquired mass

spectrometers and are offering tests using this technology.

Before requesting these tests pediatricians should check with

the laboratory which diseases are being offered. They should

also find out how diagnosis and treatment in positive cases

are conducted, and verify which specialist metabolic disease

centers will monitor or supervise treatment, since Brazilian

experience in the management of the various diseases diag-

nosed by these tests is still very scarce.

Some ethical questions relating to neonatal

screening

The debate about neonatal screening, especially about

expanded screening by MS/MS, involves a range of ethical

considerations about which pediatricians need to know.

Traditionally, neonatal screeningprogramswere restricted

to diseases for which early detection and treatment offered

medical benefits to those affected. One of the WHO criteria is

treatability. One of the objections to screening using MS/MS

is that it is used to screen for diseases which may have clinical

significance but which are not treatable or which have a treat-

ment whose health benefits have not yet been

well-established. However, this principle of treatability has

been partially flouted before, when screening for sickle cell

anemia and other hemoglobinopathies and also cystic fibro-

sis were introduced. Furthermore, those that defend this

method of screening argue that patients benefit from receiv-

ing information in advanceabout the symptoms that theymay

develop and that families benefit from genetic counseling,

being able to take reproductive decisions in a conscious man-

ner. A secondary consideration is that previous cases of unex-

plained deaths of siblings may, retrospectively, have their

causes explained.30,59

When it started, neonatal screening, in recognition of the

benefits for affected newborn infants, was made compulsory.

Nowadays, it has evolved to recognize the right of parents to

refuse it entirely or to refuse information about a specific dis-

ease. Cultural and religious motives justify this decision.

Therefore, it is also recognized that parents must be informed

prior to samples being taken and receive explanations about

the benefits and risks, and the recommendation is to use free

and informed consent forms.2,60 However, this is not yet auni-

versal practice.

Patients have the ethical right to have the results of neo-

natal screening, diagnosis and all phases of follow-up treated

as confidential.2,60

Another ethical question is related to the final destination

of the specimens collected, how to store them and preserve

them to protect patient privacy and what precautions to take

with relation to posterior use. The capacity to extract DNA

from the filter paper samples has made them a precious bank

of DNA and any use must follow rigorous ethical strictures. It

must be remembered that, in Iceland, a commercial com-

pany was legally able to acquire access to extensive health

records held by the country and related to banks of biological

material.61

Questions have also been asked about diagnosing dis-

eases with unknown incidence and natural history, and where

there are uncertainties about the reliability of diagnostic tests

and effectiveness of treatment.62 The majority of the dis-

eases screened for using MS/MS have incidence rates well

below 1:50,000.63 A negative test result does not rule out

some of these diseases since they have variant forms that will

only manifest later in life, leading to false negatives.2

One argument in favor of expanded screening is the low

cost of adding a significant number of diseases.2,4-6,8,9,63 In

contrast, others argue that to continue to expand the panel of

diseases simply because to do so is easy and cheap is not a

prudent approach to public policy.32

The identification of carriers (in the genetic sense of the

word, i.e., otherwise healthy people who are heterozygotes

for a mutation to a gene for an autosomal recessive disease)

has been a problem in neonatal screening since the introduc-

tion of tests for sickle cell anemia and cystic fibrosis. This can

help with family planning, but can also lead to discrimination

and bad feeling. Since, for each affected person the number

of carriers is far greater, theuseof technologieswhich increase

the number of people identified as carriers of little-known dis-

eases will demand ever greater genetic counseling resources.

There are no clinical studies of the impact of identifying carri-

ers in neonatal screening.2,7,12

Another delicate issue, which was accentuated by

expanded screening with MS/MS in the United States, is the

loss of the State's power over public health policies, resulting

in unorganized spending and diverting resources from other
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areas. Privatization reduced the State's jurisdiction over pub-

lic health policies. Voluntary use of private screening services

by parents created a secondary screening system that was

not universal, depending on parents' selective knowledge and

capacity to pay.64

Private screening companies are progressively involving

themselves inneonatal screening inpractically all of the states

in the United States and compete with the public system to

offer a paid service for the diagnosis of MCAD and another 50

metabolic diseases.

This issue touches on another fundamental ethical aspect,

equality, i.e. equal rights for all. According to this principle,

neonatal screening should be universal, with the supply of dif-

ferent screening panels within the same country being

unacceptable.2,26,59,60

Aspects of expanded screening considered to be negative

include the level of stress caused to the families of children

with false-positive results34 and increased costs over the long

term, with no guarantee, so far, that the benefits are worth it.

Theseare just someof theethical questions related toneo-

natal screening that are currently being discussed. It is impor-

tant that pediatricians know about them and discuss them in

order to be prepared to respond to the challenges that

undoubtedly will emerge along with advances in genetics. It

is difficult to predict all of the future possibilities of DNA tech-

nology, since microarray techniques are already bringing up

much more complex questions. Greater ethical problems will

probably emerge as the capacity to detect adult onset dis-

eases increases, or to detect susceptibility to diseases by

means of tests carried out on newborn infants. Under what

circumstances would this be ethical?

It is necessary to begin the debate on these subjects.63

Conclusions

Neonatal screening is the largest genetics-related public

health program in the world. It is a 5-stage system, generally

conducted by the public health service. Although pediatri-

cians have a preeminent role to play, they have little knowl-

edge about the diseases screened for, their treatment and

prognosis.

Brazil has a neonatal screening program that adheres to

international guidelines. The panel of diseases screened for

is the same as in some developed countries. To the extent that

the program is consolidated more diseases will probably be

added.

Expanded screening by MS/MS appears to be irrevers-

ible, since it is a considerable technical advance. However, for

it to become established, certain medical and ethical ques-

tions need to be answered.

Neonatal screening brings up ethical problems which need

to be discussed, because they only begin to trace the outline

of the major ethical challenges that screening based on

molecular biology will undoubtedly bring with it.

References

1. Guthrie R, Susi A. A simple phenylalanine method for detecting
phenylketonuria in large populations of newborn infants.
Pediatrics. 1963;32:338-43.

2. Kaye CI; Committee on Genetics, Accurso F, La Franchi S, Lane
PA, Hope N, et al. Newborn screening fact sheets. Pediatrics.
2006;118:e934-63.

3. International Society for Neonatal Screening (ISNS). http://
www.isns-neoscreening.org/. Access: 09/02/08.

4. Matern D. Tandem mass spectrometry in newborn screening.
Endocrinologist. 2002;12:50-7.

5. Pollitt RJ. International perspectives on newborn screening. J
Inherit Metab Dis. 2006;29:390-6.

6. Kayton A. Newborn screening: a literature review. Neonatal
Netw. 2007;26:85-95.

7. Wilcken B, Wiley V, Hammond J, Carpenter K. Screening
newborn for inborn errors of metabolism by tandem mass
spectrometry. N Engl J Med. 2003;348:2304-12.

8. Chace DH, Kalas TA, Naylor EW. Use of tandem mass
spectrometry for multianalyte screening of dried blood
specimens from newborns. Clin Chem. 2003;49:1797-817.

9. Carpenter K,Wiley V.Applicationof tandemmass spectrometry
to biochemical genetics and newborn screening. Clin Chim Acta.
2002;322:1-10.

10. Kaye CI; Committee on Genetics, Accurso F, La Franchi S, Lane
PA, Northrup H, et al. Introduction to the newborn screening fact
sheets. Pediatrics. 2006;118:1304-12.

11. Nussbaum RL, McInnes RR, Willard HF. Genetics and society. In:
Nussbaum RL, McInnes RR, Willard HF, editors. Thompson &
Thompson genetics in medicine. 6th ed. Philadelphia: W.B.
Saunders; 2001. p. 391-8.

12. SeashoreMR,Seashore,CJ.Newbornscreeningand thepediatric
practitioner. Semin Perinatol. 2005;29:182-8.

13. Kim S, Lloyd-Puryear MA, Tonniges TF. Examination of the
communication practices between state newborn screening
programs and the medical home. Pediatrics. 2003;111:E120-6.

14. AcharyaK,AckermanPD,Ross LF. Pediatricians’ attitudes toward
expanding newborn screening. Pediatrics. 2005;116:e476-82.

15. Brasil, Ministério da Saúde, Secretaria de Atenção à Saúde,
Departamento de Atenção Especializada. Manual de normas
técnicas e rotinas operacionais doprogramanacional de triagem
neonatal / Brasil. 2ª ed. Brasília: Ministério da Saúde; 2005.

16. Gordis L. Epidemiology. Philadelphia: W.B Saunders; 1996.

17. Arn PH. Newborn screening: current status. Health Aff
(Millwood). 2007;26:559-66.

18. Wilcken B, Wiley V, Hammond J, Carpenter K. Screening
newborns for inborn errors of metabolism by tandem mass
spectrometry. N Engl J Med. 2003;348:2304-12.

19. Marsden D, Larson C, Levy HL.Newbornscreening formetabolic
disorders. J Pediatr. 2006;148:577-84.

88 Jornal de Pediatria - Vol. 84, No. 4 (Suppl), 2008 Neonatal screening - Leão LL & Aguiar MJS88

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14063511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14063511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16950973
http://www.isns-neoscreening.org/
http://www.isns-neoscreening.org/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16763907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17402600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12788994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12788994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12788994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14578311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14578311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14578311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12104075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12104075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16960984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16960984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16114581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16114581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12563084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12563084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12563084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16199673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16199673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17339686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12788994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12788994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12788994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16737864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16737864


20. Desposito F, Lloyd-Puryear MA, Tonniges TF, Rhein F, Mann M.
Survey of pediatrician practices in retrieving statewide
authorized newborn screening results. Pediatrics. 2001;108:
E22.

21. Pass KA, Lane PA, Fernhoff PM, Hinton CF, Panny SR, Parks JS, 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). J
Pediatr. 2000;137:S1–46

22. Kemper A, Uren RL, Moseley KL, Clark SJ. Primary care
physicians’ attitudes regarding follow-up care for children with
positive newborn screening results. Pediatrics. 2006;118:
1836-41.

23. Koopmans J, Ross LF. Does familiarity breed acceptance? The
influence of policy on physicians’ attitudes toward newborn
screening programs. Pediatrics. 2006;117:1477-85.

24. McCandless SE. A primer on expanded newborn screening by
tandem mass espectrometry. Prim Care. 2004;31:583-604.

25. Torresani T.Quality control requirements in neonatal screening.
Eur J Pediatr. 2003;162 Suppl 1:S54-6.

26. American College of Medical Genetics, Maternal and Child Health
Bureau, Health Resources and Services Administration, US
Department of Health and Human Services, 2005. Newborn
screening: towardauniformscreeningpanel andsystem.http://
www.acmg.net/resources/policies/NBS/NBS-sections.htm.
Access: 09/02/08.

27. Dhondt JL. Implementation of informed consent for a cystic
fibrosis newborn screening program in France: low refusal rates
for optimal testing. J Pediatr. 2005;143:S106-8.

28. Jones PM,Bennett MJ. The changing faceof newborn screening:
diagnosis of inborn errors of metabolism by tandem mass
spectrometry. Clin Chim Acta. 2002;324:121-8.

29. Schulze A, Lindner M, Kohlmüller D, Olgemöller K, Mayatepek E,
Hoffmann GF. Expanded newborn screening for inborn errors of
metabolism by electrospray ionization-tandem mass
spectrometry: results, outcome, and implications. Pediatrics.
2003;111:1399-406.

30. Howell RR. We need expanded newborn screening. Pediatrics.
2006;117:1800-5.

31. Black H.Newbornscreening report sparksdebate inUSA.Lancet.
2005;365:1453-4.

32. Botkin JR, Clayton EW, Fost NC, Burke W, Murray TH, Baily MA, et
al. Newborn screening technology: proceed with caution. 2006;
117:1793-9.

33. Marshall L. Fast technology drives new world of newborn
screening. Science. 2001;294:2272-4.

34. Waisbren SE, Albers S, Amato S, Ampola M, Brewster TG,
Demmer L, et al. Effect of expanded newborn screening for
biochemical genetic disorders on child outcomes and parental
stress. JAMA. 2003;290:2564-72.

35. Millington D, Koeberl D. Metabolic screening in the newborn.
Growth Genet Horm. 2003;19:33-8.

36. Shigematsu Y, Hirano S, Hata I, Tanaka Y, Sudo M, Sakura N,
et al. Newborn mass screening and selective screening using
electrospray tandem mass spectrometry in Japan. J Chromatogr
B Analyt Technol Biomed Life Sci. 2002;776:39-48.

37. Crombez E,Koch R,Cederbaum S.Pitfalls innewbornscreening.
J Pediatr. 2005;147:119-20.

38. March of Dimes (2005). Newborn Screening recommendation.
Quick references and facts sheets. http://
www.marchofdimes.com/professionals/14332_15455.asp./
Access: 09/02/08.

39. National Newborn Screening and Genetics Resource Center.
http://mchb.hrsa.gov/screening/. Access: 09/02/08.

40. Bodamer OA, Hoffmann GF, Lindner M. Expanded newborn
screening in Europe 2007. J Inherit Metab Dis. 2007;30:439-44.

41. 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. 2001;1:i-iv, 1-202.

42. SeymourCA, ThomasonMJ,ChalmersRA,AddisonGM,BainMD,
Cockburn F, et al. Newborn screening for inborn errors of
metabolism: a systematic review. Health Technol Assess. 1997;
1:i-iv, 1-95.

43. American College of Medical Genetics. Newborn screening ACT
sheets and confirmatory algorithms. http://www.acmg.net/
resources/policies/ACT/condition-analyte-links.htm/. Access:
09/02/08.

44. de Carvalho TM, dos Santos HP, dos Santos IC, Vargas PR,
Pedrosa J. Newborn screening: a national public health
programme in Brazil. J Inherit Metab Dis. 2007;30:615.

45. Souza CF, Schwartz IV, Giugliani R. Triagem neonatal de
distúrbios metabólicos. Cien Saude Coletiva. 2002;7:129-37.

46. Aguiar MJ. Genetic services and research in the state of Minas
Gerais, Brazil. Community Genet. 2004;7:117-20.

47. Santos GP, Domingos MT, Wittig EO, Riedi CA, Rosário NA.
Programa de triagem neonatal para fibrose cística no estado do
Paraná: avaliação após 30 meses de sua implantação. J Pediatr
(Rio J). 2005;81:240-4.

48. UK Newborn Screening Programme Centre. http://
www.newbornscreening-bloodspot.org.uk/. Access: 16/02/08.

49. Rock MJ. Newborn screening for cystic fibrosis. Clin Chest Med.
2007;28:297-305.

50. Sims EJ, Mugford M, Clark A, Aitken D, McCormick J, Mehta G,
et al. Economic implications of newborn screening for cystic
fibrosis:acostof illness retrospectivecohort study. Lancet.2007;
369:1187-95.

51. Campbell PW 3rd, White TB. Newborn screening for cystic
fibrosis: anopportunity to improve care andoutcomes. J Pediatr.
2005;147:S2-5.

52. Grosse SD,Rosenfeld M,Devine OJ, Lai HJ, Farrell PM. Potential
impact of newborn screening for cystic fibrosis on child survival:
a systematic review and analysis. J Pediatr. 2006;149:362-6.

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

54. Blau N, Duran M, Blaskovics ME, Gibson KM. Physician’s guide to
the laboratory diagnosis of metabolic diseases. 2nd ed. Berlin:
Springer-Verlag; 2003.

55. Weber P, Scholl S, Baumgartner ER. Outcome in patients with
profoundbiotinidasedeficiency: relevanceofnewbornscreening.
Dev Med Child Neurol. 2004;46:481-4.

56. van der Kamp HJ, Wit JM. Neonatal screening for congenital
adrenal hyperplasia. Eur J Endocrinol. 2004;151Suppl 3:U71-5.

57. Grosse SD, Van Vliet GV. How many deaths can be prevented by
newborn screening for congenital adrenal hyperplasia? Horm
Res. 2007;67:284-91.

Neonatal screening - Leão LL & Aguiar MJ Jornal de Pediatria - Vol. 84, No. 4 (Suppl), 2008 89S89

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11483832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11483832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11044838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11044838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17079552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17079552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17079552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16651300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16651300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16651300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15331249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15331249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14648213
http://www.acmg.net/resources/policies/NBS/NBS-sections.htm
http://www.acmg.net/resources/policies/NBS/NBS-sections.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16202772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16202772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16202772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12204433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12204433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12204433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12777559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12777559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12777559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16651339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15856541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16651338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11743177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=11743177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14625333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14625333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14625333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12127323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12127323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16027710
http://www.marchofdimes.com/professionals/14332_15455.asp
http://www.marchofdimes.com/professionals/14332_15455.asp
http://mchb.hrsa.gov/screening/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17643197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17643197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9483160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9483160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9483156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9483156
http://www.acmg.net/resources/policies/ACT/condition-analyte-links.htm/
http://www.acmg.net/resources/policies/ACT/condition-analyte-links.htm/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17694357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17694357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15539826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15539826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15951909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15951909
http://www.newbornscreening-bloodspot.org.uk/
http://www.newbornscreening-bloodspot.org.uk/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17467549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17416263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17416263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16202776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16202776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16939748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16939748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16939748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=8784381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=8784381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15230462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15230462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15554889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15554889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17389810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17389810


58. Schweitzer-Krantz S. Early diagnosis of inherited metabolic
disorders towards improving outcome: the controversial issue
of galactosaemia. Eur J Pediatr. 2003;162 Suppl 1:S50-3.

59. Avard D, Vallance H, Greenberg C, Potter B. Newborn screening
by tandem mass spectrometry: ethical and social issues. Can J
Pub Health. 2007;98:284-6.

60. Therrell BL. Ethical, legal and social issues in newborn screening
in the United States. Southeast Asian J Trop Med Public Health.
2003;34 Suppl 3:52-8.

61. Dhanda RK, Reilly PR. Legal and ethical issues of newborn
screening. Pediatr Ann. 2003;32:540-5.

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

63. Wilcken B. Ethical issues in newborn screening and the impact
of new technologies. Eur J Pediatr. 2003;162:S62-6.

64. Green NS, Dolan SM, Murray TH. Newborn screening:
complexities in universal genetic testing. Am J Public Health.
2006;96:1955-9.

Correspondence:
Marcos José Burle de Aguiar
Rua Timbiras 659, 1001 - Funcionários
CEP 30140-060 - Belo Horizonte, MG - Brazil
Tel.: +55 (31) 3274.3453
Fax: +55 (31) 3281.8298
E-mail: aguiarmr@terra.com.br

90 Jornal de Pediatria - Vol. 84, No. 4 (Suppl), 2008 Neonatal screening - Leão LL & Aguiar MJS90

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14614623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14614623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14614623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17896737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17896737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15906695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15906695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12942896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12942896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14982654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14982654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14982654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14982654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14618395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14618395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16571691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16571691

