Chapter 9 Newborn Metabolic screening

Each year 4 million infants in the U.S.A. and xxxxx worldwide are screened to detect conditions that threaten their life and long-term health.  Testing performed at birth serves to detect an infant with a metabolic disorder, assess the likelihood of anemia, detect abnormal genes, and, if applicable, determine the maternal need for Rh immune globulin. Newborn screening for metabolic disorders is mandated in all of the United States, and it’s territories and possessions.  Each state is responsible for determining which tests should be performed on newborns, however health care providers may choose to perform additional testing.  Title XXVI of Children’s Health Act 2000 was passed to provide national guidance and standardization in order to expand newborn and child screening programs for Screening for Heritable Disorders in Newborns and Children.  The implementation Involves 4 Agencies: HRSA (Health Resources and Services Administration) , AHRQ Agency for Healthcare Research and Quality), CDC, and the NIH. Worldwide, The Association of Public Health Laboratories comprises more than 250 laboratories in the United States and 45 other countries, as shown in yellow on the map in Fig 6.  The Association of Public Health Laboratories partners with The CDC to provide services aimed at ensuing the quality of testing.  These services include: Filter paper evaluation, Training, consultations, and Proficiency testing 
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Table 3.    Distribution of metabolic screening in the US.  

Table of Cutoff points.  

Metabolic Screening conditions and testing

Metabolic deficiencies cause symptoms that range in severity.  At present, all states require screening for phenylketonuria (PKU), and congenital hypothyroidism (inactive thyroid gland), which lead to mental retardation when untreated.  In 2001, all states but Washington required testing for galactosemia,  and all but 3 states offered a screen for the hemoglobinopathy causing sickle cell disease.  Other metabolic screening tests are available and may be performed based on state requirement, family history, or to diagnose the cause of symptoms displayed by the baby. State testing is typically performed by elution of dried blood spots from standardized  filter paper cards (Guthrie cards) prepared within a few hours of birth from  heelstick blood collection.  Table #3  lists those conditions and tests which are performed in at lest one state testing program, and the methodologies by which testing is performed.  

In California from 1980 through 1997, over 8.5 million infants were tested in the newborn screening program, detecting 2,664 cases of primary congenital hypothyroidism, 320 cases of classical phenylketonuria (1 in 12,000) and 116 cases of transferase deficiency galactosemia.  Since initiating screening for hemoglobin disorders, over 4 million infants have been tested.  From 1995 to December of 1997 nearly 1000 cases of sickle cell disease were identified and 131 cases of clinically significant hemoglobinopathies were referred for follow-up care.  In 1997, The CA State Legislature passed Senate Bill 537, mandating the addition of 17 disorders to the current program.  The list includes Cystic Fibrosis, Congenital Adrenal Hyperplasia, Biotinidase Deficiency, as well as a variety of aminoacidopathies and fatty acid oxidation disorders.  

States conditions are screened in : 

	Congenital Hypothyroidism
	All 51

	Phenylketonuria (PKU)  
	- All 51

	Galactosemia  
	All 51

	Hemoglobinopathies   
	all but 3  (44)

	Biotinidase Deficiency 
	21

	Homocystinuria (HCU) 
	18

	Maple Syrup Urine Disease (MSUD) 
	24

	Cystic Fibrosis (CF)
	6

	Congential Adrenal hyperplasia
	18

	Toxoplasmosis
	2

	HIV
	1


Screening and confirmatory tests

State testing involves both screening and confirmatory testing.  Some testing may be outsourced to state sanctioned contract laboratories.  Screening laboratories ascertain the possible presence of a birth defect or congenital disorder.  When a screening test result is positive, the patient is referred for a definitive clinical evaluation that includes diagnostic testing at a confirmatory laboratory.  Confirmatory laboratories perform a battery of diagnostic tests to help determine if a birth defect or congenital disorder is actually present.

Methododologies

Screening tests are performed on dried-blood-spot specimens collected from newborns.  Depending on the particular test, a wide variety of standard and state of the art methods are used including colorimetric, immunoassay, radioimmunoassay, HPLC, flourometric, PCR or alternate DNA analysis.   One technique that is rapidly gaining acceptance is tandem mass spectrometry, (MS/MS) which can detect up to 30 specific diseases.   A few hospitals offer this test to all parents, but, in most cases, the parents must request that this extensive, but relatively inexpensive, screening be performed. The following table lists those disorders that have been documented to be detectable by MS/MS. 

Congressional interest

In the US a congressional committee was convened to provide National oversight into the issues surrounding Newborn screening. In its report, the Committee urged the availability and accessibility of newborn screening services to apply public health recommendations for expansion of effective strategies.  HRSA, in collaboration with the Centers for Disease Control and Prevention and the National Institutes of Health, is encouraged to implement a strategy for evaluating and expanding newborn screening programs, pilot demonstration projects, and the use of contemporary public health recommendations on specific conditions, such as cystic fibrosis and the fragile X syndrome.  ...   the Committee further directed that “tangible steps be taken to protect patient privacy and to avert discrimination based upon information derived from screenings."

A Newborn Screening Task Force was Convened by: the American Academy of Pediatrics (AAP) and  Funded by Maternal and Child Health Bureau, Health Resources and Services Administration (MCHB, HRSA)

The summary of recommendations from the AAP (American Academy of Pediatrics) Task force included: 

Use of a systems approach - not just testing.
Follow accepted guidelines.

Coordinate and integrate programs and data.

Pilot new tests.

Monitor performance and evaluate program.

Involve and inform parents.

Convene statewide advisory group.

Safeguard blood samples.

Provide adequate financing for testing, diagnosis, and treatment.

Testing for specific conditions detectable in the newborn 

Congenital Hypothyroidism 

Congenital hypothyroidism occurs when a malfunction in the development of the thyroid gland due to full or partial glandular development (aplasisa of hypoplasia) or an ectopic location, results in insufficient production . of thyroxine, the  primary growth regulating hormone and one necessary for proper nervous sytem development.,  it’s absence causes slow growth and  mental retardation.  Mental retardation can be avoided if detection and treatment with thyroid supplements occurs within a few days of birth. Untreated congenital hypothyroidism is the most common cause of mental retardation, affecting nearly 500 infants per year in the US. (citation). 

Testing performed:

Screening usually consists of measuring either Total Thyroxine (T4) or thyroid stimulating hormone (TSH) or both.  

The cutoff point for Total T4 varies from xxxx to xxxxx depending on the program.  

According to Jewell et.al., the greatest source of imprecision in either thyrotoxin or thyrotropin is the variation among manufacturer’s kits at the low concentration which was within the range of cutoff values for detection of presumptive positive specimens.  

Limitations of congenital hypothyroidism screen

Thyroid testing measures the amount of hormone that is present in the baby’s blood at the time the test is performed.  At birth, thyroid hormones from the mother are present in the baby’s circulation that can mask the baby’s low thyroid hormone level.  Discharging a baby shortly after delivery does not allow enough time for the mother’s thyroid hormones to disappear from the baby’s circulation.  To more accurately diagnose congenital hypothyroidism, it is recommended that: the specimen is collected between two and six days of age.  The vast majority of infants with congenital hypothyroidism are detected on the first specimen, but physicians should remain alert to developing clinical symptoms in spite of a normal initial screen.  The most significant cause of a false initial positive result for primary congenital hypothyroidism is specimens collected from infants less than 24 hours of age.  Recent improvements in assay formulation seem to have significantly reduced these false initial positive results.  

If the baby is discharged prior to 48 hours of age, thyroid testing should be performed as close to the time of discharge as possible, but no later than seven days of age.  

If the  baby’s blood was collected before 12 hours of age, a second specimen should be tested before two weeks of age.

Premature infants:  

In some premature infants there has been noted a transient physiological effect manifesting as lowered TT4 results with concomitant elevated TSH.  Such observations require close monitoring to ensure that the T4/TSH levels approach normal values as the infant matures.  

Phenylketonuria (PKU)

PKU is an autosomal recessive disorder where the body fails to produce the enzyme phenylalanine hydrolase, preventing the conversion of phenylalanine into tyrosine.  Phenylalanine, an essential amino acid, is normally converted to tyrosine by this enzyme, which uses tetrahydrobiopterin as a cofactor. Normal metabolism of phenylalanine results in a serum concentration between 30µ M and 180 µM (0.5-3 mg/dL). When affected individuals eat foods high in protein such as milk (including infant formula), meat, eggs and cheese, phenylalanine will accumulate in the blood, urine, and central nervous system.  . Phenylalanine is abundant in these high protein foods and is the predominant component of the artificial sweetener, aspartame.  Inheritance of PKU results in developmental delays, seizures, acid odor, and  severe mental retardation, if not detected and treated early.  Restricting the diet of phenylalanine and monitoring the serum levels has proven effective in treating this condition if initiated as soon as possible and before four weeks of age. This treatment must continue throughout the patient’s life.  

Maternal PKU and hyperphenylalaninia


With the advent of screening programs within the last 40 years, more women with homozygotic expressed PKU have reached childbearing age.  Poorly controlled PKU in such women can lead to an increased risk of miscarriage, more than 90% of their offspring exhibit intrauterine growth retardation, microcephaly, mental retardation and or primary congenital heart defects.  These infants show a transient rise in PKU values which falls to normal within 24 hours of birth.   PKU mothers should maintain levels of PKU between 2 and 6 mg/dL in order to avoid damage to the developing fetus.  

Limitation of PKU test

Collection of an insufficient amount of specimen will affect the test result.  Specimens for testing should be collected from infants older than 24 hours and younger than 7 days.  Screening prior to 24 hours of age may result in an inaccurate result.  Causes of false initial positives for PKU include prematurity and parenteral feedings. 

Cystic Fibrosis

Cystic fibrosis is an autosomal recessive disorder characterized by dysfunction of several exocrine systems. The incidence of cystic fibrosis is 1 in 2,500 Caucasian infants, somewhat lower among other ethnic groups.  


The initial presentation may be in the neonatal period with meconium ileus or later in infancy or childhood with growth problems, malabsorption and malnutrition, and/or pulmonary disease. Severity of symptoms is variable. Death usually occurs between the second and fourth decades of life as a result of obstructive pulmonary disease and infection.  

Laboratory Tests: 


Elevation of immunoreactive trypsinogen (IRT) in a dried blood spot is the current screening method for CF. False positives and false negatives are known to occur, with false negatives occurring more frequently in neonates with meconium ileus.  

Screening Practice Considerations: 


Elevations of trypsinogen decline after the first several months of life, so while exact timing of specimen collection in the neonatal period is not critical, the collection of the second screening specimen to follow-up an initial abnormal screen should occur no earlier than 21 days, to avoid an increased number of false positives, and no later than 60 days, to reduce the risk of false negatives. Use of the IRT test in older infants and children is not recommended; a sweat test is advised if CF is suspected in this older group. Sweat testing by personnel trained specifically in an accurate method is essential for proper diagnosis of cystic fibrosis. 

	
Abnormal Results
	
Likely Causes
	
Recommended Follow-up

	
IRT


> or = to 90 ng/mL  (CO/WY)


> or = to 100 ng/mL  (MT)
	
Cystic Fibrosis 


Early collection of  specimen


False positive
	
Second newborn screening


specimen collected at 21-60 days of age 




	
Repeat  IRT  


> or = to 70 ng/mL (CO/WY)


> or = to 80 ng/mL (MT)
	
Cystic Fibrosis 


Early collection ofspecimen 


False positive
	
Diagnostic sweat testing


Galactosemia

This test is performed in the majority of states.  Babies who inherit this disorder cannot metabloize the sugar galactose found  in milk, breast milk, formula and other foods.  This results from an inability to break down the sugar galactose. Within the first two weeks of life, untreated infants born with this condition experience vomiting, liver disease, mental retardation, cataracts and failure to thrive.  

Providing a milk-free diet is the recommended treatment for galactosemia, and can help prevent these problems.

Limitations of Galactosemia Screen 

The test does not detect carriers. . For galactosemia, the most common cause of false positives has been heat denaturation of the enzyme during transport.

Hemoglobinopathies

Infants with sickle cell disease or other hemoglobinopathy are highly susceptible to viral and bacterial infections that markedly increase morbidity and mortality.  Neonatal screening for hemoglobinopathy is routine in the United States and many other countries because early diagnosis and treatment (e.g. prophylactic use of penicillin) enhances both survival and long-term outcome. 

Causes of false positives or negatives

Biotinidase deficiency


Biotinidase is an enzyme that liberates the essential cofactor biotin from its bound form so that it can be used by the body. Deficiency of the enzyme in serum results in improper functioning of several other enzyme systems, leading to irreversible neurological damage.  This autosomal recessive disorder has an estimated incidence of 1:60,000 births. 

From the AAP Newborn screening fact sheet. Reference # 4. 

Type of Test.  Colorimetric assay (for biotinidase) on a dried blood spot. Affected infants and children have 0% to 10% of normal adult activity. Levels between 10% and 30% of mean normal activity levels are considered partial biotinidase deficiency.
Timing. Optimal timing for testing is unknown. Enzyme deficiency has been demonstrated in cord blood; therefore, any specimen obtained after birth is anticipated to be adequate. Symptoms have not developed in most patients before 2 months of age, but one patient was symptomatic at 3 weeks. Thus, rapid turnaround may be needed. The mean age at onset of symptoms is 5 to 6 months.
Stability of Specimen. Samples stored for longer than 18 months at room temperature or higher had no detectable activity.  Activity was detected in samples less than 18 months old. Samples analyzed 1, 30, and 60 days after collection were stable. Specimens are stable frozen at -70deg.C for 3 years; samples frozen at higher temperatures (-20deg.C) may lose activity, which may lead to inappropriate diagnosis of partial deficiency (B. Wolf, written communication, October 1994).
Confirmation. Both a colorimetric and a more sensitive radioassay of serum are available to confirm screening results. On the basis of families studied to date, heterozygotes (carriers) can be differentiated from affected and normal individuals with 90% to 95% accuracy.
Accuracy of Screening Test
False-Negative Rate. Unknown. Rare (<1%) false-negative test results may occur with the use of sulfonamides. All samples tested after the newborn period should be checked for the presence of sulfonamides.
        False-Positive Rate.  Unknown.
Ongoing Studies.   A pilot screening program was initiated at the Medical College of Virginia by Barry Wolf. Screening is also being conducted in 15 countries worldwide. Follow-up of screening cases is in progress. Information is needed concerning incidence, natural history, efficacy of treatment (including evaluation of older, previously asymptomatic patients), parameters for optimal treatment, and heterogeneity of the disorder.
Congential Adrenal Hyperplasia  

Congenital Adrenal Hyperplasia (CAH) includes a group of autosomal recessive disorders, each characterized by a deficiency of one of the enzymes needed to to transform cholesterol to cortisol (hydrocortisone). These enzymes are: StAR / 20,22-hydroxylase, 3-hydroxysteroid-dehydrogenase / 17-hydroxylase / 21-hydroxylase and 11-hydroxylase.  The incidence in selected populations varies from about 1 in 10,000 to 1 in 25,000.

An affected infant is characterized by hyperfunction and increased size (hyperplasia) of the adrenals hence the name Congenital Adrenal Hyperplasia. Among the various forms of CAH, the 21-hydroxylase deficiency is the most frequent, representing more than 90% of all cases.  the most severe is caused by to the total absence of 21-hydrolase  and can lead to the most severe salt losing form of the disease The inability to synthesize cortisol leads to an increase in ACTH and a build-up of precursors to cortisol (i.e., 17-hydroxyprogesterone and androgens).   Aldosterone production is also impaired due to the total absence of 21-hydroxylase. Although there is an increase in both renin and angiotensin, aldosterone production remains low or nonexistent.  Non-detection of an affected male infant can lead to early death within the first two weeks of life.  

	Salt-Losing CAH
	Simple-Virilizing CAH
	Late-Onset CAH



	a. No cortisol = hypoglycemia
b. No aldosterone = salt and water loss
c. Increased cortisol precursors (17-hydroxyprogesterone) = salt-losing tendency
d. Increased androgens = masculinization
	a. Normal or near normal cortisol
b. Increased cortisol precursors (17-hydroxyprogesterone)
c. Increased aldosterone to compensate for salt losing tendency
d. Increased androgens = masculinization
	a. Normal cortisol
b. Normal aldosterone 
c. Increased 17-hydroxyprogesterone (moderate)
d. Increased androgens = masculinization


The simple virilizing form of CAH  is caused by a partial deficiency of the 21-hydroxylase enzyme. Because this enzyme deficiency is only partial, these subjects are able to produce near normal or normal amounts of cortisol due to of increased ACTH output. However, similar to the salt-losing patients, simple-virilizing patients experience an increase in the production of 17-hydroxyprogesterone as well as adrenal androgens. The elevated 17-hydroxyprogesterone produces a salt-losing tendency. Because the 21-hydroxylase deficiency is partial, the adrenals are able to increase production of aldosterone to compensate for salt loss. 

In both of these forms of CAH, the increased production of adrenal androgens is of concern. The most important adrenal androgen secreted in large amounts is androstenedione. This steroid is not androgenic by itself. However, approximately 10% of androstenedione is metabolized in the body to testosterone, a potent androgen. 

Excess androgen production during fetal life, associated with salt-losing and simple-virilizing CAH, masculinizes the external genitalia of female infants, leading to potential misclassification of a female infant to male. 

Late-onset CAH refers to a mild deficiency of the 21-hydroxylase, which manifests with  excess androgen production in childhood or adolescence.  While the partial deficiency allows the compensated production of normal amounts of cortisol and aldosterone, affected individuals produce increased amounts of cortisol precursors (17-hydroxyprogesterone) and adrenal androgens.  In both male and female, this results in rapid growth and early virilization. In girls, this can also result in masculinization and abnormal menses. 

Sample collection / stability:  Type of Test. Enzyme immunoassay or radioimmunoassay for measurement of 17-OHP in 21-hydroxylase deficiency can be performed on dried blood spots.
Timing. Elevation of 17-OHP is present at birth, although levels obtained before 24 hours of age may be physiologically high. Rapid turnaround time may be needed to detect boys and those nonvirilized-undetected girls who may present with early onset adrenal crises and salt losing. Premature infants may have false-positive test results. Screening in the first 48 hours may increase the false-positive rate, but further study is needed. Screening at 1 to 2 weeks of age detects some additional cases of simple virilizing CAH and increased numbers of the nonclassic form of 21-hydroxylase deficiency.
Stability of Specimen. No decomposition of 17-OHP has occurred after periods of as long as 30 days in blood dried on filter paper stored at room temperature.
Confirmation. Quantitative measurement of plasma 17-OHP, available from many commercial laboratories. A relatively small sample of blood is required.
Accuracy of Screening Test
False-Negative Rate. Low: detects most cases (95%) of 21-hydroxylase deficiency. With an initial screen of more than 65 ng/mL, 3% of salt wasters may be missed if screened before 24 hours of age.
 False-Positive Rate. Ranges from 0.2% to 0.5%, depending on the cutoff level chosen. The cross-reaction of steroid compounds related to 17-OHP depends on the antiserum used in the immunoassays of steroids and whether organic solvent extraction is included in the testing protocol.

Blood Typing and Direct Antiglobulin Test  (Direct Coombs)

These tests are appropriate in neonates in the following situations: 

When the mother has group O blood type.

When the mother has Rh-negative blood type.

When an antibody screen indicates that the mother has an antibody that could be harmful to the baby.

When the baby has clinical symptoms that might be explained by the results of these tests.  

There are two main reasons to perform blood typing of a newborn.  The first is to determine whether the mother is a candidate to receive Rh immunoglobulin post delivery, in order to prevent the development of  maternal Rh-antibodies that could be harmful to the developing fetus in future pregnancies.  Only Rh-negative mothers of Rh-positive infants would receive the treatment.  The second reason is to identify the neonates that are at risk of developing hemolytic anemia.  In that case, babies with either group A or B blood type may react to antibodies produced by mothers with group O blood type.  The direct antiglobulin test can determine if maternal antibodies are reacting with the baby’s blood cells.  A negative test usually means and the infant is not at risk.  A positive test means the baby is at risk of developing hemolytic anemia, and a negative test indicates that that the mother’s antibodies are not reacting with the baby’s blood and the infant is not at risk.  Many reactions to maternal antibodies are self-correcting and produce only mild symptoms.  A hemoglobin test on the infant can gauge the extent of anemia.  

Limitation of direct antiglobulin test

False negatives.  The presence of maternal antibodies in the baby’s blood may be below the threshold for detection.  Thus a negative direct antiglobulin test result does not rule out the possibility of anemia while a positive result does not necessarily mean that the baby will develop anemia.  

