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ADDITIONAL SOURCES OF NEWBORN SCREENING INFORMATION  
FOR PRACTITIONERS 

 
The Mountain States Genetics Network (MostGene) Website 
The Mountain States Genetics Network maintains an excellent website at www.mostgene.org.   The Network’ s 
publications on newborn screening and a wide range of genetics issues are available online.  This manual is available 
online and is updated periodically.  Also of particular interest on the website is an issue of the Network’ s newsletter 
Genetic Drift (Vol. 15, Winter 1998) entitled I ssues in Newborn Screening that contains a number of articles on 
various aspects of newborn screening.  The website also provides links to other reputable providers of genetics 
information. 
 
National Newborn Screening and Genetic Resource Center; 1912 W. Anderson Lane, #210; Austin, TX  
78757; 512-454-6419; http://genes-r-us.uthscsa.edu. 
 
Publications on Newborn Screening from the American Academy of Pediatrics 
The American Academy of Pediatrics (AAP) Committee on Genetics publishes Newborn Screening Fact Sheets 
(1996; RE9243; www.aap.org/policy/01565.html for each of the conditions covered in this manual, and others. Also 
available is their policy paper Issues in Newborn Screening (1992; RE9243; www.aap.org/policy/04619.html).  
Recommendations from the Newborn Screening Task Force: a Blueprint for the Future of Newborn Screening was 
published as a supplement to PEDIATRICS in August, 2000.  These documents  may be viewed online 
(www.aap.org), or ordered from the AAP Publications Department, 141 Northwest Point Blvd.,  Elk Grove Village, 
IL  60007-1098; 847-228-5005; 847-228-5097(FAX). 
 
U.S. Newborn Screening System Guidelines II: Follow-up of Children, Diagnosis, Management, and Evaluation.  
Statement of the Council of Regional Networks for Genetic Services (CORN). Kenneth A. Pass, Ph.D., Peter Lane, 
M.D., Paul M. Fernhoff, M.D., et al.  Journal of Pediatrics, September, 2000.  Vol. 137, No.3, part 2, S1-S51.  This 
document offers guidelines for structuring a system for diagnosis and clinical follow-up of infants identified by state 
newborn screening programs, and encourages the development of provider networks and collaborative relationships 
within the context of a Medical home to facilitate and maximize coordination of care. This document goes into much 
more detail about aspects of medical management of children with these disorders than does this manual. 
 
Newborn Screening Video 
The National Committee for Clinical Laboratory Standards (NCCLS) has produced a video on newborn screening 
specimen collection entitled Making a Difference Through Newborn Screening: Blood Collection on Filter Paper. 
(1999; $175 (non-member price); order code LA4-A3-V)  It can be ordered from NCCLS, 610-525-2435 
(www.nccls.org). 
 
Blood Collection on Filter Paper for Neonatal Screening Programs; Approved Standard - 3rd Ed. 
The National Committee for Clinical Laboratory Standards (NCCLS) produces and periodically updates this 
consensus document designed to produce a standard that will result in uniform techniques for collecting specimens for 
use in neonatal screening programs.  This 25-page booklet goes into greater detail on specimen collection and 
handling than is practicable in this manual.  (1997; $75 (non-member price); order code LA4-A3)  It can be ordered 
from NCCLS, 610-525-2435 (www.nccls.org). �
 
Visual Aids to Assist in Specimen Collection 
Two full-color wall charts on specimen collection: 

“Newborn Screening Blood Specimen Collection and Handling Procedure”  and 
"Simple Spot Check" (invalid specimens and their causes) 

are available at no charge from: Schleicher & Schuell, Inc.; 10 Optical Avenue; Keene, NH  03431;  
800-437-7003; FAX 603-355-6524. 
 

Please refer to the chapters on the specific disorders for additional resources. 
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RESOURCES FOR FAMILIES 
 

The Mountain States Genetics Network website at www.mostgene.org. 
 
Genetic Alliance, Inc.; 4301 Connecticut Avenue, NW, Suite 404, Washington, DC 20008; 
800-336-4363 (800-336-GENE) or 202-966-5557; www.geneticalliance.org; email: info@ 
geneticalliance.org. 
 
March of Dimes Bir th Defects Foundation (MOD); 1275 Mamaroneck Ave., White Plains, 
NY 10605; 888-MODIMES or 914-428-7100; www.modimes.org; email: 
resourcecenter@modimes.org. 
 
MUMS National-Parent-to-Parent Network; 150 Custer Court, Green Bay, WI 54301-
1243; 920-336-5333, (parents only, call 1-877-336-5333); www.netnet.net/mums; email: 
mums@netnet.net. 
 
National Newborn Screening and Genetic Resource Center ; 1912 W. Anderson Lane, 
#210; Austin, TX  78757; 512-454-6419; http://genes-r-us.uthscsa.edu.  
 
National Organization for  Rare Disorders (NORD); PO Box 1968, Danbury, CT 06813-
1968; 800-999-6673 or 203-746-6518; www.rarediseases.org; email: RN@rarediseases.org 
 
Association for  Neuro-Metabolic Disorders (ANMD); PO Box 0202/L3220 Women=s 1500 
Medical Center Drive, Ann Arbor, MI 48109-0202; 313-763-4697 (clinic). (Galactosemia, 
MSUD, PKU, Biotinidase Deficiency) 
 
MAGIC Foundation for  Children’ s Growth; 1327 North Harlem Avenue, Oak Park, IL 
60302; 800-362-4423 or 708-383-0808; www.magicfoundation.org. 
 
Save Babies Through Screening (formerly the Tyler for Life Foundation), 4 Manor View 
Circle, Malvern, PA  19355-1622, 1-888-454-3383, www.savebabies.org.  
 
My Baby’s Hear ing, Boys Town National Research Hospital, www.babyhearing.org. 
 
Amer ican Society of Human Genetics (ASHG), 9650 Rockville Pike, Bethesda, MD  20814, 
1-866-HUM-GENE, 301-634-7300, www.ashg.org. 
 
 
 
 

PLEASE REFER TO THE CHAPTERS ON THE SPECIFIC DISORDERS  
FOR ADDITIONAL RESOURCES.�
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PREFACE AND ACKNOWLEDGMENTS 
 
This third edition (previous editions 1990; 1996) of the Newborn Screening Practitioner's Manual 
was developed by members of the Newborn Screening Committee of the Mountain States 
Genetics Network “MostGene” (formerly the Mountain States Regional Genetic Services 
Network). 
 
The Newborn Screening Committee thanks Joyce Hooker, the Executive Director of the Mountain 
States Genetics Network, and Dr. Bill Letson, member and past Director of the Mountain States 
Genetics Network, for their assistance and support. 
 
It is the Committee©s hope that this manual will assist practitioners in understanding the 
components of a successful newborn screening program -- screening, follow-up, diagnosis, and 
medical management -- and their importance in ensuring that children affected with these 
conditions have the best possible medical outcomes and are able to achieve their highest potential. 
 
The information in this manual is updated periodically in the online version, on the Network’ s 
website (www.mostgene.org).  Check there for the most current information on contact persons, 
testing methods, and so forth.   

 
 

 
 
 The Mountain States Genetics Network 

MostGene 
 
The Mountain States Genetics Network (MostGene) was created to enhance communication 
among genetic services providers and to maximize the availability and quality of genetics 
services throughout our region, which is comprised of Arizona, Colorado, Montana, New 
Mexico, Utah, and Wyoming. 
 
For information about the Network, contact Joyce Hooker, Executive Director, Mountain 
States Genetics Network; 303-978-0125; email mostgenes@msn.com; or visit our website at 
www.mostgene.org. 
�
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INTRODUCTION  
 
The Newborn Screening Committee of the Mountain States Genetics Network developed this 
manual to serve as a concise reference for physicians, nurses, laboratory personnel, and others 
involved with or interested in newborn screening.  
 
The information about newborn screening in this manual applies primarily to the Mountain States 
region, consisting of Arizona, Colorado, Montana, New Mexico, Utah, and Wyoming.  The 
newborn screening programs operating in the region consist of laboratories, follow-up staff, and 
clinical treatment and management teams that are organized into state or multi-state programs.  
These programs coordinate with one another through the ongoing efforts of the regional genetics 
network.  This regional manual covers common practices among the six states and directs readers 
to resources for more specific information for their individual states. 
 
The practice of newborn screening was originally instituted to detect phenylketonuria (PKU), but 
screening for additional disorders is now included in all newborn screening programs. The 
conditions covered by newborn screening programs are seen infrequently, so the chance that any 
single infant will be affected is low.  However, the cost of not diagnosing one of these conditions, 
both in human suffering and financial impact, is immense.  Babies with these conditions appear 
normal at bir th.  It is only with time that the condition affects the baby©s brain or physical 
development or causes other medical problems. By then the damage may be permanent. Early 
diagnosis and treatment can result in normal growth and development and/or can reduce morbidity 
and mortality.  
 
We encourage practitioners to use the term " newborn screen"  rather  than the older  term 
" PKU test"  when referr ing to the newborn screening test panel, because tests for other 
conditions besides PKU are included in the newborn screening panel.  This misuse of the term 
"PKU test" can lead to confusion and misunderstanding and could delay appropriate retesting of 
an infant with an abnormal screening test result for one of the other conditions on the newborn 
screen. 
 
 The purpose of newborn screening is to identify infants at risk and in need of more definitive 
testing.  As with any laboratory test, both false negative and false positive results are possible. 
Screening test results are insufficient information upon which to base diagnoses or  long-term 
treatment. 
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AN OVERVIEW OF THE MANUAL 
 

The first section of the manual includes information on proper screening practices -- responsibility 
for screening, timing of screening, screening premature and sick infants, and screening in other 
special situations.  Instructions are provided on filling out the lab slip, collecting the specimen by 
capillary heelstick, handling and shipping the collected specimen, and how to avoid unsatisfactory 
specimens.   
 
Individual chapters are included on each of the medical conditions screened for in the region. 
These brief chapters provide an overview of the condition, review the lab tests used for screening 
and the categories of possible abnormal values.  They discuss the recommended follow-up for 
each type of abnormal result, the treatment and management of the condition, screening practice 
considerations unique to the condition, and referrals to sources of additional information, where 
available.      
 
The directory lists laboratory and follow-up program contact persons and medical consultants in 
the region, by state.   
 
Appendix A provides the published newborn screening rules and regulations for each state in the 
region (as of 2003).  The inclusion of these documents will allow practitioners to answer many of 
the questions they might have about their state©s specific newborn screening policies. 
 
Many states in our region now have newborn hearing screening programs in place.  Appendix B 
provides contact numbers for the newborn hearing screening programs in our region.  
 
 

SCREENING PRACTICES 
 
Screening practices are the actions and decisions of practitioners as they relate to the collection of 
newborn screening specimens and the follow-up of abnormal newborn screening lab results. 
 
Newborn screening can be complicated by many factors, including, for example, an infant©s illness 
or prematurity, blood transfusions, out-of-hospital births, and inter-hospital transfers. 
 
Follow-up of abnormal screening results can be hampered by incomplete or inaccurate patient or 
physician information on the lab slip, name changes, poor communication between the submitter 
of the specimen and the primary care provider (when they are not the same entity), and so on. 
 
This section of the manual addresses screening practices and how to handle newborn screening in 
some special situations. 
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RESPONSIBILITY FOR OBTAINING  
THE NEWBORN SCREENING SPECIMEN 

 
The legislation concerning responsibility for obtaining a newborn screening specimen varies with 
each state.  Generally the responsibility is as follows: 
 

!  Bir ths in institutions 
The hospital or institution is responsible for collecting the newborn screening specimen. 

 
!  Bir ths outside institutions 

The physician, nurse midwife, or other health professional attending the birth outside a 
hospital is responsible for collecting the newborn screening specimen.  In the absence of a 
health professional, the responsibility may extend to any other person attending the birth, 
or in the absence of an attendant, the father or mother. 

 
!  Recommended or  required second screens  

Responsibility varies by state; refer to your states regulations in the appendix, page, or 
check with your state screening program (see Directory, page).  

 
Refer to the appendix (pages 60-80) for your state©s newborn screening regulations, to determine 
the specific responsibility in your state in each of these categories. 
 
 

 
 Do Parents Have the Right to Refuse to Have Their  Baby Tested? 
 
The states in this region allow parents to waive the newborn screening test based on religious 
(and, in some states, personal) beliefs.  In these cases, it is important for the infant©s birth 
hospital or health care provider to obtain a signed waiver to document such a refusal.  The 
birth hospital or health care provider should make certain that parents understand the risks of 
not screening their infant; this information should be communicated to the parents verbally 
and in writing, and the fact that this information was provided should be documented.   If the 
screening test is waived, the waiver document, signed by the parent or guardian, should be 
placed in the child©s medical record.  Check with your state screening program (see the 
Directory, page 46); some states may have special procedures that must be followed or 
special forms that must be completed and filed with the state in these situations. 
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TIMING OF SPECIMEN COLLECTION 
 
The Newborn Screen 
Blood specimens should be collected from newborn infants as late as possible before discharge, 
but no later than 72 hours of age.  (An important exception is that a newborn screening specimen 
should always be obtained pr ior  to a blood transfusion or  administration of IV antibiotics, 
regardless of the age of the infant.)   Hospitalized premature or sick infants should have the 
newborn screen performed by seven days of age. 
 
The optimal timing of the newborn screen in full-term healthy infants is at 72 hours of age.  The 
states in our region require testing before discharge, even if practitioners are confident that 
specific families would return when requested.  
 
The trend toward shorter hospital stays after childbirth complicates newborn screening. In certain 
of the metabolic conditions, for example PKU, the accumulation of the specific amino acid(s) in 
the blood does not occur until after birth, when the intake or production rate exceeds the affected 
infant©s capacity to metabolize or excrete it.  The rate of this rise of the specific amino acid(s) in 
the blood, therefore, varies depending upon the severity of the defect and the protein intake.  This 
may lead to a false negative finding when screening an affected infant too early. Conversely, 
because there is a TSH surge in normal infants immediately following birth, there will be many 
false positive results for hypothyroidism in specimens collected prior to 48 hours of age. 
 
Practitioners need to be aware that a specimen taken prior to 24 hours of age will usually detect 
congenital hypothyroidism, galactosemia, biotinidase deficiency, and sickle hemoglobin, but will 
be less reliable with other disorders.  Clearly, then, if the screening test is performed too early, 
several conditions may not be detected. 
 
Routine Second Screens 
The American Academy of Pediatrics recommends that all infants tested before 24 hours of age 
should be retested by two weeks of age to ensure detection of PKU and other disorders with 
metabolite accumulation that could be missed as a consequence of testing on the first day of life.  
The AAP also notes that data indicate that 6-12% of patients with congenital hypothyroidism are 
normal on the initial screening test and abnormal on a repeat test1  All of the states in our region 
either recommend or require this second screen; states in our region perform tests for one or more 
conditions on this routine second specimen.  States in the region have varying policies requir ing 
or  recommending routine second screens on all babies or on babies for whom the newborn 
screening specimen was drawn at less than 24-48 hours of age. State regulations for newborn 
screening (at the time of this updated publication, 10/2003) can be found in the appendix, page 59, 
or contact your state screening program for their specific policies (page 46). 
 
 
 
 

                         
     1

 
 American Academy of Pediatrics, Committee on Genetics, Issues in Newborn Screening (1992; RE9243; 
www.aap.org/policy/04619.html; paragraph 3.4) 
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Second Screening Specimens for  Follow-up of Abnormal Newborn Screening Test Results 
The recommended follow-up procedure for certain abnormal results on the newborn screen is to 
re-screen the infant.  The laboratory/program will report the abnormal value and request that a 
second screening specimen be obtained and sent to the screening laboratory for testing.  These 
second specimens should always be clear ly identified as retests for  the condition that was 
abnormal on the newborn screen.  In states that require a routine second screen, that screen can 
serve as a recheck of an abnormal newborn screening test result.  Refer to the specific disease 
chapters for more information regarding in which situations and on what schedule to submit 
second screening specimens to follow-up abnormal test results. 
 
 

 
The purpose of newborn screening is to identify infants at risk and in need of more definitive 
testing.  As with any laboratory test, both false positive and false negative results are possible. 
Screening test results are insufficient information upon which to base diagnoses or  long-
term treatment. 
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SPECIAL CONSIDERATIONS: Screening Premature or  Sick Infants 
 

The increased survival rate of NICU patients in recent years presents practical and scientific 
challenges for newborn screening programs.  Situations such as those outlined below may increase 
the risk of a false negative or false positive screening test result. 
 
!  Blood Transfusions 
 
A specimen should always be taken before a blood transfusion, regardless of the child©s age.  
Donor blood provides red blood cells that contain normal enzymes that may alter the galactosemia 
(GALT) assay and donor hemoglobins that will alter screening for hemoglobinopathies.  
Transfusion of plasma may alter screens for hypothyroidism and biotinidase deficiency.  If the 
newborn screening specimen is obtained prior to a transfusion, and before feedings have begun, 
an additional newborn screening specimen should be obtained, after  feedings have begun, to test 
for inborn errors of metabolism (metabolite tests in an affected child B e.g., PKU, MSUD -- 
should become abnormal after feedings are begun, regardless of a transfusion).  In the event that 
an initial newborn screen is collected after  a blood transfusion, the practitioner should be certain 
to record this information on the lab slip; to assist the screening laboratory is interpreting the 
results and recommending specific appropriate follow-up procedures. 
 
!  Premature or  Sick Infants (Prolonged Hospitalization) 
 
Many state regulations or protocols state that hospitalized premature or sick infants should have 
the first test performed by seven days of age  (earlier if one of the conditions is suspected).  (Note: 
T4 results may be quite low in normal premature infants.)  As noted above, always obtain the 
newborn screening specimen pr ior  to a blood transfusion or  administration of IV antibiotics, 
regardless of the age of the infant (and, if the infant is transfused prior to beginning feedings, 
collect an additional specimen after feedings have begun, to test for metabolic disorders).  Check 
the chapters on the specific disorders for additional recommendations for screening the NICU 
patient. 
 
!  Dietary Intake and Screening 
 
The recommendations for timing of testing assume normal intake of regular diet.  For some tests 
assumptions are also made about the nature of intake.   Practitioners need to be aware that any 
deviation from normal intake may alter the accuracy of those newborn screening tests that depend 
upon the presence of appropriate substrate in the diet. 
 
!  Hyperalimentation and Antibiotic Therapy  
 
These are not contraindications to testing, but the specimen for screening should never be taken 
from the intravenous line which is used to deliver the alimentation or drugs.  High serum levels of 
several amino acids can occur during hyperalimentation, and some antibiotics interfere with some 
of the assays.  Be sure to specify these therapies on the lab slip; this will assist the screening 
laboratory in interpreting the results. 
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!  Inter-Hospital Transfer  
 
Special care needs to be taken to ensure that infants who are transferred between hospitals receive 
a newborn screening test.  The states in our region have differing policies regarding which of the 
two hospitals involved has the responsibility for obtaining the newborn screening specimen from 
infants who are transferred between institutions.  Refer to your state©s regulations (as of the date of 
publication of this manual) in the appendix, page, or contact your state screening program for 
additional information. 
 
!  Discharge from the NICU 
 
When patients are discharged from the NICU (moved to lower levels of care), the neonatologist 
should take special care to inform the receiving physician of results of newborn screening tests, 
and in particular, any recommendations for further testing.  Physicians taking over the care of 
discharged NICU patients should ascertain the results of newborn screening that may have been 
performed on the infant while in the NICU.  Maintenance of a log in the NICU of discharged 
infants primary care providers facilitates timely follow-up in the event of an abnormal screening 
test result. 
 
 

 
Refer to your state©s rules and regulations (as of the date of publication of this manual) for 
newborn screening in the appendix, page 59;  the directory on page 46 lists contact persons in 
your state screening program for assistance with your specific state protocols in these 
situations. 
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SPECIAL CONSIDERATIONS: Clinical Signs or  Family History 
 
There are a number of clinical situations that will modify the usual approach of obtaining a 
newborn screening specimen and waiting for the result. The following are brief suggested 
guidelines for particular situations that may arise in clinical practice.  Regardless of any 
diagnostic or  therapeutic interventions, a newborn screen should be obtained on all infants 
(to test for  the other  conditions included in the panel).  When in doubt about the course of 
management for any of the conditions on the screening test, consultation with a specialist is 
advised.   
 
!  Newborn Screening of an Infant Who Exhibits Clinical Signs and Symptoms of One of the 
Conditions on the Screening Panel  
 
The newborn screening test, like any laboratory test, may have false positives and false negatives. 
 If signs and symptoms of one of the conditions on the panel are evident clinically, the physician 
should proceed to diagnostic testing, whether the results of the newborn screen are pending or in 
spite of the results of the screen. 
 
I f the results of the newborn screen are pending:  For any of the screened conditions, but 
especially those in which the metabolite accumulation is dangerous, such as Maple Syrup Urine 
Disease, treat as if the symptomatic infant has the condition.  In the case of MSUD, contact a 
metabolic center or metabolic physician for assistance with rapid diagnosis and institution of 
treatment; for galactosemia, begin a lactose-free formula until the screening results are known. 
 
I f the newborn screening test result was " normal" :  If clinical symptoms suggest one of the 
screened conditions despite a "normal" screening test, the physician should proceed as if the 
patient has the condition and immediately contact a consultant specialist for instructions on 
further evaluation of the patient. 
 
!  Newborn Screening of an Infant with an Affected Sibling or  Other  Close Relative 
 
As most of the conditions tested for by newborn screening are genetic, it is possible that multiple 
members of a family may be affected.  Prenatal diagnosis is possible for many of these conditions; 
if prenatal diagnosis determines that the infant is affected, any appropriate treatment (e.g., special 
diet) should be initiated immediately after birth.  If prenatal diagnosis predicts an unaffected baby, 
practitioners should bear in mind that no prenatal diagnostic test is 100% accurate.  Neonates who 
are siblings or close relatives of an affected individual are not part of the "general population" for 
whom newborn screening is designed.   For any infant with a positive family history, providers 
should contact appropriate consultant specialists, ideally prenatally, or immediately at birth, to 
determine the proper diagnostic tests and proper timing of those tests. 

 
 
Consultation with a specialist is usually necessary and always recommended in these situations. 
The directory on page 46 offers consultants by disease for your state to assist with screening and 
confirmation testing. 
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REPORTING OF RESULTS 
 

Newborn screening results can be normal, abnormal, or unsatisfactory (and, occasionally, 
inconclusive/equivocal).  The accompanying table outlines reporting procedures, by state.  The 
individual chapters on the specific conditions provide more detail on follow-up procedures for 
each category of abnormal results. 
 
Abnormal Results  
Abnormal screening test results are reported to the submitting hospital or practitioner with 
recommendations for further action. (In some states in the region, for certain conditions, a medical 
consultant for that condition will also be called, who will contact the primary care physician to 
assist with arranging diagnostic testing.) Abnormal results are tracked by the laboratory and/or 
follow-up program staff until a diagnosis is confirmed or follow-up is otherwise resolved.  
 
Unsatisfactory Specimens 
These infants have not been tested.  An infant could, therefore, potentially be affected with any of 
the conditions on the panel.  The laboratory contacts the submitter and requests that another 
specimen be sent. 
 
Inconclusive/Equivocal Results    
Occasionally newborn screening results have no growth, or antibiotic resistant results.  These 
infants have not, therefore, been screened for that particular disorder, although screening for the 
other disorders on the panel has been successful. The laboratory contacts the submitter and 
requests that another specimen be sent.   
 
Normal Results 
Normal results are mailed to submitters. 

 
 
 

 
We encourage all providers to ascertain the results of newborn screening on any infant in 
their care. Do not presume that newborn screening tests were obtained, or that the results of 
the newborn screens were normal. 

 
 
 

 
The purpose of newborn screening is to identify infants at risk and in need of more definitive 
testing.  As with any laboratory test, both false positive and false negative results are possible. 
Screening test results are insufficient information upon which to base diagnoses or  long-
term treatment. 

 

�
�
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FILLING OUT THE SCREENING FORM 
 
It is extremely important that all requested information on the laboratory slip portion of the 
screening form is filled out completely and legibly. The information requested is vitally 
important for the process of screening and follow-up. 
 
Accurate and complete patient and physician information is cr itical for  rapid follow-up in 
the event of an abnormal result. 
 
Name, birth date, and specimen date are particularly important.  Include mother©s first and last 
names and other critical identifiers (e.g., twin A, triplet C).   
 
Rapid follow-up of an abnormal screening test depends upon identifying the physician who is 
caring for a child. The responsibility for follow-up of an abnormal result rests with the physician 
of record, as identified on the lab slip.  For these reasons, every effort should be made to ensure 
that this physician information is accurate and complete. 
 
The time of collection and the medical information on transfusions, medications, prematurity, and 
other requested data are needed by the screening laboratory to interpret test results and determine 
appropriate follow-up procedures.  Some states also request information about the kind of food the 
infant has received for 24 hours prior to testing. 

 
If a specimen is a second screen being submitted to follow-up an abnormal result on the initial 
screen, this should be noted on the lab slip.  This alerts the laboratory regarding which 
condition(s) to test for.  Some lab tests have different definitions of normal for initial and follow-
up specimens.   
 
On a second specimen submitted on a child for any reason, include information on a name change 
if one has occurred.  
 
When filling out this information, use ballpoint pen, as soft-tip pens will not copy through to the 
carbon copies; do not use plastic impr int cards, they produce unreadable information;  do not 
use a typewr iter  to fill out the form because it may contaminate the filter paper. 
 
 

 
The lab slip is a legal record; the submitter is legally responsible for the accuracy and 

completeness of the information it contains. 
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HOW TO COLLECT AN ACCEPTABLE BLOOD SPOT SPECIMEN 
Permission to use portions of LAR-A3, Blood Collection on Filter Paper for Neonatal Screening Programs:  

Approved Standard - Third Edition, has been granted by NCCLS.  The complete current standard  
may be obtained from NCCLS, 940 West Valley Road, Suite 1400, Wayne, PA 19087 
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HANDLING AND SHIPPING THE COLLECTED SPECIMEN 
 

 
!  Dry the blood spots thoroughly at room temperature for at least 4 hours. 
 
!  Keep specimens away from direct heat or sunlight. 
 
!  Dry in a horizontal position. 
 
!  Do not allow blood to come into contact with any other surface while drying. 
 
!  Do not refrigerate specimen. 
 
!  Do not place specimen in envelope until completely dry. 
 
!  Cover with end-flap (if form has one) only after specimen is completely dry. 
 
!  Doublecheck that patient information section has been completely filled out before 

mailing. 
 
!  If mailing more than one specimen in an envelope, alternate the forms so that 

the dried blood spots do not come into contact with each other. 
 
!  Doublecheck that a return address is present on the specimen envelope. 
 
!  Mail specimen as soon as possible after it is thoroughly dry, within 24 hours of  

collection. 
 
!  Do not transport in plastic bags.  (They allow accumulation of condensation and can 

contribute to contamination, elution, and bleeding of the blood spots.) 
 
!  Assure prompt delivery to the screening laboratory. 
 
!  Do not accumulate specimens, as they may become too old for testing. 

 
 
 

 
Practitioners are encouraged to have systems in place to log and track specimens by 
name and form number, to assist with rapid follow-up in the event of an 
abnormal newborn screening test result. 
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UNSATISFACTORY SPECIMENS 
 
Newborn screening laboratories receive many specimens that are unacceptable for testing.  If the 
specimen is improperly collected, the accuracy of the screening test results is compromised, so the 
laboratory must reject them.  This delays the screening of the newborn and requires that the 
submitter  locate the infant and repeat the collection procedure. 
 
The following table outlines the most common errors in specimen collection. 

 
 

INVALID 
SPECIMEN 

 
 POSSIBLE CAUSES 

 
Quantity of blood not 
sufficient for testing 
(QNS) 

 
Filter paper circles incompletely filled or not saturated/not all circles filled. 
Blood applied with needle or capillary tube. 
Contamination of surface of filter paper circle before or after specimen collection by 
gloved or ungloved hands, or by substances such as hand lotion or powder, etc. 

 
Blood spots appear 
scratched or abraded 

 
Blood applied improperly using capillary tube or other means (blotter has been 
damaged or torn by device). 

 
Blood spots wet 

 
Specimen not properly dried before mailing. 

 
Blood spots appear 
supersaturated 

 
Excess blood applied (usually with capillary tube or needle). 
Blood applied to both sides of filter paper. 

 
Blood spots appear 
diluted, discolored, or 
contaminated 

 
Puncture site squeezed or "milked."  
Exposure of blood spots to direct heat. 
Contamination of filter paper before or after specimen collection by gloved or 
ungloved hands, or by substances such as alcohol, formula, water, powder, antiseptic 
solutions, or hand lotion. 
Contamination during transit. 

 
Blood spots exhibit 
"serum rings"  

 
Alcohol not wiped off puncture site before skin puncture is made. 
Filter paper has come into contact with alcohol, water, hand lotion, etc. 
Puncture site squeezed excessively. 
Specimen dried improperly. 
Blood applied to the filter paper with a capillary tube. 

 
Blood spots appear 
clotted or layered 

 
Same filter paper circle touched to a blood drop several times. 
Circle filled from both sides of the filter paper. 

 
Blood will not elute 
from the blotter paper 

 
Blood specimen has been heat-fixed. 
Blood specimen is too old (more than two weeks between collection and receipt by 
the screening laboratory). 

 
Consult your  state screening lab for  additional information and assistance with specimen collection. 
 

A full-color chart illustrating invalid specimens and their causes, "Simple Spot Check," 
may be obtained at no charge from Schleicher & Schuell, Inc., 10 Optical Avenue, Keene, 
NH 03431; 1-800-437-7003; FAX 603-355-6524. 
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THE CONDITIONS 
 

As of the publication of this edition (2003), these are the conditions screened for by each state in 
the region.  This information can change.  Tests may be added to or deleted from the panel. 
Check with your state screening program or refer to the online version of this manual on the 
Network’ s website (www.mostgene.org) for updated information. 
 
 

    Arizona:   Biotinidase Deficiency,  
Congenital Adrenal Hyperplasia 
Congenital Hypothyroidism, 

                                       Galactosemia, Hemoglobinopathies, 
Homocystinuria, Maple Syrup Urine Disease,  
Phenylketonuria 

  
Colorado:   Biotinidase Deficiency,  

Congenital Adrenal Hyperplasia,  
Congenital Hypothyroidism, Cystic Fibrosis, 
Galactosemia, Hemoglobinopathies, 
Phenylketonuria       

 
Montana:   Congenital Hypothyroidism, Cystic Fibrosis (Optional), 

Galactosemia, Hemoglobinopathies, 
Phenylketonuria 
 

New Mexico:  Biotinidase Deficiency,  
Congenital Adrenal Hyperplasia, 
Congenital Hypothyroidism, Galactosemia, 
Hemoglobinopathies, Phenylketonuria  

 
Utah:    Congenital Hypothyroidism, 

Galactosemia, Hemoglobinopathies,  
Phenylketonuria 

 
Wyoming:  Biotinidase Deficiency,  

Congenital Hypothyroidism, Cystic Fibrosis, 
Galactosemia, Hemoglobinopathies 
Phenylketonuria  

 
 
Individual chapters on each of these conditions follow, in the above (alphabetical) order.  The 
accompanying tables summarize information on analytes, incidence, symptoms, and treatment for 
each condition screened for in the region, and the testing methods and cut-offs used by the 
newborn screening labs in the region (as of 2003); check the online manual at www.mostgene.org 
for updated information. 

�
�

�
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BIOTINIDASE DEFICIENCY 
 

Refer  to the directory on page 46 for  a metabolic consultant in your  state who can provide assistance with 
diagnosis and management of biotinidase deficiency. 

 
Biotinidase is an enzyme that liberates biotin, an essential cofactor, from a 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. 
 
Clinical Features 
The symptoms of biotinidase deficiency are variable with respect to age of onset, frequency, and 
severity.  Signs and symptoms generally appear in infancy or early childhood and may include 
seizures, skin rash, hair loss, hypotonia, ataxia, hearing loss, optic nerve atrophy, developmental 
delay, and metabolic acidosis which can result in coma and death.  Clinical symptoms have been 
reported in the second month in untreated babies.  Individuals with partial deficiency (the variant 
form) may also be at risk for development of symptoms and family studies are indicated when an 
affected newborn is identified. 
 
Laboratory Tests 
Detection of enzyme activity is usually performed by a qualitative colorimetric assay.  In the 
presence of the enzyme a color change occurs. 
 

 
 Abnormal Results 

 
 L ikely Causes 

 
 Recommended Follow-up 

 
Little or no observed 
biotinidase activity 

 
!  Biotinidase deficiency 
!  False positive 
!  Heat-damaged specimen or 

specimen delayed in transit 

 
Second newborn screening specimen 
for repeat screening test. 

 
(Repeat specimen) 
Little or no observed 
biotinidase activity 

 
!  Biotinidase deficiency 
!  False positive 
!  Heat-damaged specimen or 

specimen delayed in transit 

 
If second screening test is abnormal, 
consultation with a metabolic center 
to arrange immediate diagnostic 
testing. 

 
Treatment 
The acute symptoms of biotinidase deficiency will completely disappear with administration of 
pharmacological doses of biotin, usually 10 mg per day.  If given early enough in an infant©s life, 
the prognosis for normal growth and development is good.  If children are not detected until 
irreversible neurological damage has occurred, treatment with biotin will prevent further damage 
but will not reverse the damage already done. 
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Screening Practice Considerations 
Detection of the deficiency does not depend on timing or type of feeding because it is a serum 
enzyme assay.  It should therefore be detected on the first specimen unless the infant has been 
transfused with whole blood or with plasma or serum; always obtain a newborn screening 
specimen pr ior  to a transfusion.  The enzyme is prone to damage if the sample is delayed in the 
mail or exposed to high temperatures.  Prompt confirmatory testing is required even if there is 
evidence to suggest that one of the situations associated with false positive screens is present 
(these include early specimen collection, prematurity, heat-damaged specimen, hyperalimentation, 
or antibiotic therapy).  The presence of any of these does not exclude the possibility of disease. 
The diagnostic test for biotinidase deficiency is a quantitative assay of enzyme activity in frozen 
serum, performed by a limited number of reference laboratories. Diagnostic testing should be 
coordinated by a metabolic center. 
 
 

FOR FURTHER INFORMATION 
See additional resources for professionals and for parents on pages v and vi 

 
Biotinidase Deficiency: A Booklet for Families and Professionals 
co-authored by Dr. Barry Wolf 

www.ccmckids.org/research/Biotinidase
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CONGENITAL ADRENAL HYPERPLASIA (CAH) 
 

Refer  to the directory on page 46 for  an endocr ine consultant in your  state who can provide assistance with 
diagnosis and management of CAH. 

 
Congenital Adrenal Hyperplasia (CAH) is a family of autosomal recessive disorders characterized 
by the inability to synthesize cortisol.  The major cause of CAH is 21-hydroxylase  
(21-OHase) deficiency.  This enzyme defect occurs in 95% of all CAH cases and is identified by 
assessing the level of 17-alpha-hydroxyprogesterone in blood.  Persistently high levels of 17-
hydroxyprogesterone (17-OHP) due to blockage of the pathway converting the precursor steroids 
to cortisol are considered presumptively diagnostic of CAH resulting from 21-OHase deficiency. 
 
The adrenal gland makes three important hormonal substances (cortisol, aldosterone, and male sex 
hormones (androgens) through three distinct production pathways.  The adrenal gland takes up 
cholesterol from the bloodstream, and through a series of biochemical steps, converts it into the 
final hormonal products.  In CAH, cortisol production is inadequate because there is a deficiency 
of one of the enzymes in the cortisol production pathway.   21-OHase is one of the key enzymes 
involved in the production pathways for both cortisol and aldosterone, but it does not participate in 
the production pathway for male sex hormones.  Therefore, when 21-OHase enzyme is deficient, a 
block occurs in the production pathways for both cortisol and, usually, aldosterone, and the 
adrenal gland is unable to produce adequate amounts of these two hormones.  Because the 21-
OHase is not involved in the androgen pathway, the adrenal gland can readily produce male sex 
hormones.   
 
Cortisol production by the adrenal glands is regulated by the pituitary gland.  The pituitary gland 
regulates cortisol production by releasing adrenocorticotrophic hormone (ACTH) into the 
bloodstream.  ACTH travels to the adrenals and stimulates them to increase cortisol production.  
When the blood level of cortisol rises, the pituitary senses this and decreases the ACTH signal.  In 
a person with CAH, the cortisol pathway is blocked and the adrenals cannot make enough cortisol. 
 In response to the low levels of cortisol, the pituitary increases the ACTH signal.  Despite the 
increased ACTH message, the block in cortisol production remains.  The hormone products that 
are made through the steps preceding the block build up and spill over into any other unblocked 
pathways.  In the event of 21-OHase deficiency, the only unblocked pathway is the one for the 
male sex hormone production.  As a result, abnormally high amounts of androgens are made by 
the adrenals and released into the bloodstream. These increased levels of androgens have no 
known harmful effects on the growing male fetus, however they cause abnormal development of 
the external sex organs of the growing female fetus.  This can be enlargement of the clitoris and/or 
abnormal fusion of the labial structure, and can be severe enough to result in incorrect gender 
assignment of virilized females as males.   
 
In the remainder of this chapter, the term “ CAH”  refers specifically to the deficiency of 21-
OHase enzyme. 
 
Clinical Features   
CAH exists in three forms: salt wasting (SW), simple virilizing (SV), and non-classical (NC).  
Newborn screening for CAH is designed to find the salt wasting and simple virilizing forms of the 
disease.  These classical forms (SW, SV) of the disorder result in excessive adrenal androgen 
secretion from early fetal life, resulting in virilization of the genitals in females.  If left untreated, 
the salt-wasting form can result in a life-threatening adrenal crisis from as early as five days of age 
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to as late as a few months of life.   The majority of affected neonates manifest a salt-wasting 
adrenal crisis by 10 days of age.  The classical forms of the disease occur in about 1 in 15,000 
children.  Virilized females are usually identified at birth due to their ambiguous genitalia, but 
males affected with the salt-wasting form of the disease are usually not detected until they have a 
life-threatening adrenal crisis.  
 
Laboratory Tests 
Infants are tested for elevated levels of 17-hydroxyprogesterone (17-OHP).  Because the immature 
adrenal gland sustains increased plasma concentrations of most adrenal metabolites, including 
those measured to detect CAH, elevated levels of 17-OHP are normally found in premature 
infants.  Additionally, the stress of illness commonly experienced by premature infants also 
stimulates adrenal steroid production.  For this reason, screening programs for CAH in the region 
use a range of normals that are weight adjusted (weight is used as an indicator of gestational age), 
to minimize false-positive rates.  Definitions of normal and abnormal results vary among very low 
birthweight, low birthweight, and normal weight infants (check with your state screening program, 
page, for the definitions of the various weight classes and normal and abnormal screening values 
used in your state).  Practitioners in states that provide newborn screening for CAH need to be 
mindful of the necessity of providing accurate weights in grams  for infants screened. 
 

Abnormal Result L ikely Causes Recommended Follow-up 

Cut-offs for CAH are weight dependent, but fall into two categories: 

Borderline Classic, salt-wasting, 
Congenital Adrenal 
Hyperplasia 
 
Milder CAH variant 
 
False Positive 
 
 
 

 
varies; follow recommendation of 
local screening laboratory 

Positive Classic, salt-wasting Congenital 
Adrenal Hyperplasia 
 
Milder CAH variant 
 
False Positive 

varies; follow recommendation of 
local screening laboratory 
 
Potential Neonatal Emergency 

 
Treatment  
Treatment of CAH is replacement of cortisol in both the salt wasting and the simple virilizing 
forms and mineralcorticoid treatment with salt supplementation for the salt-wasting form of CAH. 
 Treatment can be life-saving, and permits normal growth and sexual maturation.  Early detection 
and treatment of CAH through newborn screening can result in decreased risk of serious salt-
losing crises and earlier correct gender assignment of virilized girls.  Earlier diagnosis and 
treatment contributes to normalization of growth and final height, timely puberty, and improved 
psychosocial outcome.   
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Screening Practice Considerations 
Screening results are interpreted based upon infant weight and/or gestational age, with a series of 
cut-offs adjusted for each weight class. Therefore, accurate reporting of these data on the lab slip 
is crucial.  Missing or unreliable data will increase the number of false positive results; in the 
absence of these data, the screening laboratory will use the most conservative cut-off (to ensure 
they do not miss an affected infant), thereby creating more false positives. 
 

FOR FURTHER INFORMATION 
See additional resources for professionals and for parents on pages v and vi 

 
National Adrenal Diseases Foundation (NADF); 505 Northern Blvd., Great Neck, NY 11021;  
516-487-4992; www.medhelp.org/nadf/ 
 
EndocrineWeb.com 
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CONGENITAL  HYPOTHYROIDISM  
 

Refer  to the directory on page 46 for  an endocr ine consultant in your  state who can provide assistance with 
diagnosis and management of congenital hypothyroidism. 

 
Congenital hypothyroidism is one of the most common conditions detected by newborn screening, 
with an incidence rate of 1:4,000.  Congenital hypothyroidism is caused by inadequate production 
of thyroid hormone.  Thyroid hormone is important for normal function of all of the body©s organs 
and is essential for normal brain development. The most common etiologies are total or partial 
failure of the thyroid gland to develop (aplasia or hypoplasia), or its development in an abnormal 
location (an ectopic gland).  Less commonly, hypothyroidism is induced by medications 
(antithyroid drugs or excess iodine) in the mother or is due to an inherited inability to manufacture 
thyroid hormone. Deficiency of thyroid hormone in an infant causes mental retardation if it is not 
diagnosed and treated early in life.  Most infants with congenital hypothyroidism appear to be 
clinically normal until three months of age, by which time brain development may be impaired. 
 
Diagnosis 
Laboratory test results are the only reliable means of diagnosing congenital hypothyroidism in 
the newborn infant.  Some of the more commonly described clinical findings -- jaundice, 
constipation, lethargy, feeding problems, a large tongue, puffy face, distended abdomen, umbilical 
hernia -- are non-specific for congenital hypothyroidism, are found in fewer than 30% of neonates 
with congenital hypothyroidism, and may be present in infants without the condition.  Therefore, 
in the newborn, clinical signs and symptoms are not reliable indicators of congenital 
hypothyroidism. 
 
Laboratory Tests 
Some screening programs employ a two-tiered approach in screening for hypothyroidism.  All 
specimens are tested for thyroxine (T4), and then a subset of samples with the lowest T4 values 
(usually the lowest 10%) are further tested with a thyroid stimulating hormone (TSH) assay.  
Other screening programs forgo the T4 screen and do a TSH assay on all infants.  
 
Congenital hypothyroidism screening results fall into the following categories:  the T4 value can 
be normal or low; the TSH value can be normal, high (positive), or "borderline" -- not normal, but 
only slightly elevated.  Refer to the table on page 17 for the numerical values used in your state 
screening program. 
 
The American Academy of Pediatrics/American Thyroid Association’ s Newborn Screening for 
Congenital Hypothyroidism: Recommended Guidelines (1993) offers the following basic 
recommendation for follow-up of an abnormal newborn screening test result for hypothyroidism:  
 

Any infant with a low T4 level and TSH concentration greater than 40 mU/L is considered to have primary 
hypothyroidism until proved otherwise.  Such infants should be examined immediately and have 
confirmatory serum tests done to verify the diagnosis.  Treatment with replacement l-thyroxine should be 
initiated before the results of the confirmatory tests are available....In cases in which the screening TSH 
concentration is only slightly elevated...but less than 40 mU/L, another filter paper specimen should be 
obtained for a subsequent screening test.2  

 
                         
     2  American Academy of Pediatrics/American Thyroid Association Newborn Screening for Congenital 
Hypothyroidism: Recommended Guidelines PEDIATRICS, Vol. 91, No. 6, June 1993, 1205 
(www.aap.org/policy/04407.html).�
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Contact your state screening program for their specific recommendations for follow-up of 
abnormal newborn screening test results for hypothyroidism. 
 

 
 Abnormal Result 

 
 L ikely Causes 

 
 Recommended Follow-up 

 
TSH elevated  
T4 low or normal 

 
!  Hypothyroidism  
!  False positive 

 
Immediate serum thyroid testing  

 
TSH slightly elevated  
("borderline") 
T4 low or normal  

 
!  Hypothyroidism  
!  Early collection of  

specimen (<24 hours) 
!  False positive 

 
Second newborn screening test 
  
 
 

 
TSH normal 
T4 low 

 
!  Early collection of   

specimen(<24 hours) 
!  Thyroid Binding Globulin 

(TBG) deficiency. 
!  False positive result 
!  Pituitary gland problems with 

secondary hypothyroidism 
!  Prematurity (see below)       

 
Second newborn screening test 
 
 

 
Screening Practice Considerations 
Detection does not depend on nutritional factors.  The majority of hypothyroid infants are detected 
on the first specimen even if it is collected within a few hours after birth.  As is true with other 
conditions, a blood transfusion may alter the values; the newborn screening specimen should 
always be collected pr ior  to a blood transfusion, regardless of the infant©s age.  
 
In the first 24 hours after birth, TSH values may be transiently elevated; the normal newborn 
demonstrates a TSH surge in the first hours of life as an adaptation to the extrauterine 
environment. The newborn screen should be collected as late as possible before discharge (but no 
later than 72 hours of age.) 
 
In premature infants, there appears to be a physiological reduction in blood T4 levels.  This is not 
due to TBG deficiency and the TSH levels are not usually elevated.  These cases need special 
follow-up to ensure that the T4 levels rise to the normal range as the infant matures, as will occur 
in all normal cases. 
 
Prompt confirmatory testing is required even if there is evidence to suggest that one of the 
situations associated with false positive screens is present (e.g., early specimen collection or 
prematurity).  The presence of any of these does not exclude the possibility of disease. 
A small percentage of cases of congenital hypothyroidism do not develop until after the first 
weeks of life.  Therefore, as with other screening tests, in the presence of clinical symptoms, 
evaluation for congenital hypothyroidism should be performed despite normal newborn screening 
results. 
 
Treatment 
Treatment of congenital hypothyroidism is simple and effective.  Thyroid hormone in pill form, is 
crushed, mixed with food, and administered once daily. 
 
T4 and TSH levels in infants with congenital hypothyroidism will need to be monitored as the 
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infant grows, and infants and children with hypothyroidism should undergo periodic 
developmental evaluation.  The AAP recommends consultation with a pediatric endocrinologist to 
facilitate diagnostic evaluation and optimal management. The directory on page lists 
endocrinology consultants for your state who can offer assistance with diagnosis and management 
of congenital hypothyroidism. 
 
 

FOR FURTHER INFORMATION 
See additional resources for professionals and for parents on pages v and vi 

 
American Thyroid Association; Montefiore Medical Center, 111 East 210th St., Rm. 311; Bronx, 
NY 10467; 718-882-6047; www.thyroid.org 
 
The Thyroid Foundation of America; Ruth Sleeper Hall, RSL 350, 40 Parkman Street, Boston, 
MA 02114-2698; 800832-8321 or 617-726-8500; www.tsh.org 
 
EndocrineWeb.com 
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CYSTIC FIBROSIS (CF) 
 

Refer  to the directory on page 46 for  a medical consultant in your  state who can provide assistance with 
diagnosis and management of CF. 

 
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. 
 
Clinical Features 
 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.  

 
 
 Abnormal Results 

 
 L ikely Causes 

 
 Recommended Follow-up 

 
IRT $105 ng/mL (CO/WY) 
     $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 $70 ng/mL (CO/WY) 

$80 ng/mL (MT) 

 
!  Cystic Fibrosis 
!  Early collection of 

specimen 
!  False positive 

 
Diagnostic sweat testing 

 
Treatment 
Studies are inconclusive but evidence suggests that early detection and intervention may minimize 
the severity of the usual complications of CF.  Specifically, pancreatic enzyme supplementation 
may minimize problems with malabsorption and malnutrition, while respiratory therapy may 
decrease pulmonary infections.  Early detection also allows for genetic counseling and prenatal 
diagnosis for future pregnancies. 
 
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. 
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FOR FURTHER INFORMATION 
See additional resources for professionals and for parents on pages v and vi 

 
Cystic Fibrosis Foundation; 6931 Arlington Road, Bethesda, MD 20814; 800-FIGHT CF  
(344-4823) or 301-951-4422; www.cff.org 
 

Cystic Fibrosis Index of On-Line Resources:  www.esiason.org/?page=transplant_info.html
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GALACTOSEMIA 
 

Refer  to the directory on page 46 for  a metabolic consultant in your  state who can provide assistance with 
diagnosis and management of galactosemia. 

 
Galactosemia is an elevation of blood galactose levels.  It may be due to a deficiency of any of the 
three enzymes of the galactose catabolic pathway: galactose-1-phosphate uridyltransferase 
(GALT; previously referred to as Gal-1-PUT), galactokinase, or UDP-galactose-4-epimerase.  
Clinically, deficiency of galactose-1-phosphate uridyltransferase (GALT) has become 
synonymous with classic galactosemia.  This autosomal recessive disorder occurs with an 
incidence of approximately 1:40-60,000 in the general population.  The symptoms can be severe in 
infancy and may lead to death or severe neurologic damage if not recognized and treated. 
 
Galactose is a monosaccharide present in many polysaccharides. Clinically, the most important 
source is the disaccharide lactose.  Lactose is the predominant carbohydrate in human and most 
other animal milk, including cow©s milk.  Many commercially available infant formulas contain 
lactose.  However, other formulas, such as some soy-based formulas, do not contain lactose.  This 
is critical information to assess in patients as ingestion of galactose is prerequisite to the 
development of clinical symptoms. 
  
Clinical Features 
 
Galactose -1-phosphate ur idyltransferase deficiency (GALT) 
Galactosemia, due to a complete lack of GALT activity, presents in the first weeks of life.  The 
most prominent clinical features are liver dysfunction findings of jaundice and hypoglycemia; 
neurologic findings of irritability and seizures; and gastrointestinal findings of poor feeding, 
vomiting, and diarrhea.  Other findings include cataracts and renal Fanconi©s syndrome.   
Escherichia coli sepsis has been described in many patients with galactosemia.  If the diagnosis of 
galactosemia is not made in the neonatal period, failure to thrive, chronic vomiting, hepatic 
cirrhosis, and mental retardation may develop in infants who survive.  The diagnosis can be 
suspected clinically by the presence of the above symptoms, but some affected infants may be 
asymptomatic at the time of screening.  Positive non-glucose urine reducing substances increases 
suspicion of the condition, but not all affected newborns will have a positive urine test. There are 
several clinical variants due to genetic mutations in GALT that alter, but do not eliminate, enzyme 
activity.  The most common of these is the Duarte variant.  Patients with these variants are usually 
clinically asymptomatic; however the reduced enzyme activity will be detected by newborn 
screening. Further testing is required.    
 
Galactokinase deficiency 
This is a rare defect manifest only by the development of cataracts, usually in the neonatal period, 
but occasionally delayed until adulthood. The toxic symptoms of GALT deficiency are not 
present, however the urine may be positive for reducing substances.  
 
UDP-galactose-4-epimerase deficiency 
This is a very rare cause of galactosemia that may be either symptomatic or asymptomatic.   
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Laboratory Test 
The GALT screen is a semiquantitative or quantitative assay of galactose-1-phosphate- 
uridyltransferase with the test result either expressd in fluorescence or enzyme activity units.  
Patients with classic galactosemia have no enzyme activity; patients with a variant form will have 
reduced but not absent activity. GALT is sensitive to heat, so a false positive may result if the 
sample has been heat-damaged.  Because the test assays enzyme activity in red blood cells, false 
negatives can result from a blood transfusion (the newborn screening specimen should always 
be obtained before an infant receives a blood transfusion). 
 

 
 Abnormal Lab Results 

 
 Possible Causes 

 
 Recommended Follow-up 

 
Abnormal  
GALT Test 

 
!  Classic galactosemia  
!  Mild galactosemia variant 
!  Other enzyme defect in  

red blood cells 
!  Improperly collected sample (heat 

damage or transit delay) 
!  False positive 

 
Neonatal Emergency 
 
Consultation with a metabolic 
center to arrange immediate 
diagnostic testing and 
treatment  

 
Treatment 
The acute symptoms of the galactosemia syndromes are effectively treated by dietary exclusion of 
galactose; exclusion of milk and milk products alone does not constitute a galactose-restricted diet, 
as galactose is found in other foods as well.  This galactose-restricted diet must be followed for 
life and requires close supervision and monitoring.  Medical care of the patient also involves 
management of those symptoms not prevented by diet.  Treatment of galactosemia variants is at 
present controversial; consultation with a metabolic physician is indicated.  For assistance with 
management of galactosemia, refer to the directory on page     for a metabolic consultant in your 
state. 
 
Screening Practice Considerations 
The GALT test should demonstrate no enzyme activity in all severe (classic) galactosemic infants 
with the exception of infants that have received a blood transfusion; in this situation infants with 
galactosemia may have a GALT test which is normal or is suggestive of a galactosemia variant, 
rather than classic galactosemia. Always obtain a newborn screening specimen before a 
transfusion. In patients who have received a transfusion prior to the collection of the newborn 
screening specimen, a newborn screening specimen should be obtained 90-120 days following the 
last transfusion and, if galactosemia is a clinical consideration, dietary restriction of galactose 
should be maintained until an accurate test has been obtained. 
 
Prompt confirmatory testing is required even if there is evidence to suggest that one of the 
situations associated with false positive screens is present (these include early specimen collection, 
prematurity, heat-damaged specimen, hyperalimentation, or antibiotic therapy).  The presence of 
any of these does not exclude the possibility of disease. 
 
Elevation of blood galactose levels depends on lactose ingestion, so blood galactose should be 
normal in infants receiving non-lactose containing formulas. 
 



  

 

30 
 
 

 
 

The GALT test will be unaffected by the formula given to an infant.  If galactosemia is a clinical 
consideration, especially in an infant with non-glucose urine reducing substances and clinical 
symptoms of galactosemia, begin a galactose-free formula immediately -- the GALT test will be 
unaffected by this potentially life-saving measure.  If galactosemia is suspected, immediate 
consultation with a metabolic physician is advised. 
 
 

FOR FURTHER INFORMATION 
See additional resources for professionals and for parents on pages v and vi 

 
Parents of Galactosemic Children (PGC); 2148 Bryton Drive, Powell, OH 43065; 614-840-0473; 
www.galactosemia.org 
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HEMOGLOBINOPATHIES 
 

Refer  to the directory on page 46 for  consultants in your  state who can provide assistance with diagnosis and 
management of hemoglobinopathies. 

 
The primary purpose of newborn screening for hemoglobinopathies is the identification of infants 
with sickle cell disease, a group of autosomal recessive disorders characterized by the presence of 
sickle hemoglobin (Hb S) in red blood cells.  Four genotypes — Hb SS (sickle cell anemia), Hb 
SC (sickle hemoglobin C disease), Sb+-thalassemia, Sb0-thalassemia — account for most sickle 
cell disease in the United States.  Genes for sickle cell disease are common in persons of African, 
Mediterranean, Middle Eastern, Indian, Caribbean, and Central and South American ancestry.  
Nationwide, sickle cell disease is the most prevalent disorder identified by newborn screening. 
  
Newborn screening also identifies infants with other clinically significant hemoglobinopathies 
including some, but not all, with beta thalassemia syndromes and most with clinically significant 
alpha thalassemia syndromes.  Hb C occurs most commonly in persons of African descent, and Hb 
E is common in persons of southeast Asian ancestry.  Thalassemia genes (alpha and beta) 
originated in west and central Africa, the Mediterranean basin, the middle east, south and 
southeast Asia, southern China, and the Pacific Islands. 
 
Many hemoglobinopathy carriers (i.e., hemoglobin traits) are also identified by newborn 
screening.  Carriers are generally asymptomatic, but their identification may have important 
genetic implications for the family. 
 
Clinical Features 
Sickle Cell Disease.  Infants with sickle cell disease appear healthy at birth and become 
symptomatic during infancy or childhood after fetal hemoglobin levels decline.  The clinical 
manifestations of sickle cell disease result from variable degrees of hemolysis and intermittent 
episodes of vascular occlusion that cause tissue ischemia and acute and chronic organ damage.  
Hemolysis may cause chronic anemia, jaundice, predisposition to aplastic crisis, gallstones, and 
delayed growth and sexual maturation.  Vasoocclusion and tissue injury cause a variety of acute 
and chronic complications.  Common problems during infancy and childhood include 
pneumococcal sepsis and meningitis (secondary to functional asplenia), severe or recurrent 
musculoskeletal or abdominal pain (including dactylitis), splenic sequestration, pneumonia or 
acute chest syndrome, stroke, and priapism. 
 
Other Non-sickle Hemoglobinopathies (b-globin disorders).  This heterogeneous group of 
disorders is characterized by variable degrees of anemia caused by hemolysis and/or ineffective 
erythropoiesis. Persons with homozygous Hb E are generally asymptomatic and have microcytic, 
hypochromic red cells with mild or no anemia.  Individuals with homozygous Hb C have a mild 
microcytic hemolytic anemia, which may be complicated by aplastic crisis, splenomegaly or 
gallstones.  The severity of Hb E b0-thalassemia varies from mild anemia to severe transfusion-
dependent anemia.  Most infants with homozygous b0-thalassemia develop severe anemia during 
the first year of life and subsequently require chronic transfusions or bone marrow transplantation 
for survival. 
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Alpha Thalassemia Syndromes.  Unlike most other hemoglobinopathies, the alpha thalassemia 
syndromes may be clinically evident at birth, because deficient production of alpha globin affects 
the synthesis of both fetal and adult hemoglobin.  Infants with alpha thalassemia show Hb Barts at 
birth.  Alpha thalassemia syndromes vary from a silent carrier state to fetal hydrops.  Silent 
carriers are hematologically normal.  Persons with alpha-thalassemia trait generally have a 
decreased MCV with little or no anemia.  Infants with Hb H disease usually have a mild to 
moderate microcytic anemia and may be mildly symptomatic. Hb H Constant Spring disease is a 
moderately severe anemia, often complicated during childhood by splenomegaly and 
hypersplenism.  The most severe form of alpha-thalassemia is fetal hydrops, which is usually 
lethal to the fetus and causes severe obstetric complications for the mother, including toxemia, 
hypertension and postpartum hemorrhage. 
 
Hemoglobinopathy Carriers.   Infants with sickle cell trait, Hb C trait, Hb E trait, and a variety of 
other hemoglobin variants are generally asymptomatic with no clinical or hematologic 
manifestations.  Thus identification through newborn screening is of no immediate benefit to the 
infant.  The value of carrier detection is the opportunity to educate the infant©s parents and to offer 
family testing and genetic counseling. 
 
Laboratory Tests and Diagnosis 
The majority of screening programs use isoelectric focusing (IEF) as the primary screening 
method.  A few programs use high performance liquid chromatography (HPLC) as the initial 
screening method.  Many screening laboratories retest abnormal screening specimens using a 
second complimentary technique, usually HPLC or IEF.  Hemoglobins identified by neonatal 
screening are generally reported in order of quantity.  Because more fetal hemoglobin (Hb F) than 
normal adult hemoglobin (Hb A) is usually present at birth, the normal result is FA.  When more 
Hb A than Hb F is present, the result is AF, which may indicate that the baby was transfused 
before screening and thus needs repeat screening 72 hours after a transfusion and again 3 - 4 
months after the last transfusion.  If an infant with AF results was not transfused, the result is 
normal and no further testing is required.  The discussion of laboratory testing continues 
separately for each group of hemoglobinopathies, below.  
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Sickle Cell Disease.  Like most normal infants, most infants with hemoglobinopathies also show a 
preponderance of Hb F at birth.  Infants with sickle cell disease show Hb S in the absence of Hb A 
(FS), Hb S with another hemoglobin variant (e.g., FSC), or a quantity of Hb S greater than Hb A 
(FSA).  Most infants with FS screening results have homozygous sickle cell anemia, but other 
possible genotypes include sickle b0-thalassemia, sickle-hereditary persistence of fetal hemoglobin 
(S-HPFH — a rare benign condition), and occasionally sickle b+-thalassemia (in situations where 
the quantity of Hb A at birth is insufficient for detection).  All infants with screening test results 
consistent with sickle cell disease should have confirmatory testing of a second blood sample 
accomplished before two months of age so that parental education, prophylactic penicillin, and 
comprehensive care can be promptly implemented.  Confirmatory testing requires hemoglobin 
separation by IEF and HPLC or by hemoglobin electrophoresis (cellulose acetate and citrate agar). 
 For infants with Hb FS, serial CBC and reticulocyte counts during infancy and/or testing of 
parents will help clarify the specific diagnosis.  Because most infants with FS have homozygous 
sickle cell anemia or sickle b0-thalassemia, they should be started on prophylactic penicillin and 
referred for comprehensive care by two months of age. 
 
 
ABNORMAL 
RESULTS1 

 
L IKELY CAUSES 

 
CLINICAL MANIFESTATIONS 

RECOMMENDED 
FOLLOW-UP 

Sickle cell anemia (SS) 
 
Sickle b0-thalassemia 

Sickle cell disease with hemolysis 
and anemia by 6 - 24 months.   
High risk for bacterial sepsis, splenic 
sequestration and other vaso-occlusive 
complications. 

 
Sickle b+-thalassemia2 

Sickle cell disease with mild or no 
anemia by 2 years.  Less frequent 
vaso-occlusive complications. 

FS 

Sickle HPFH Benign, asymptomatic condition. 

Confirmatory test3 by 2 
months of age.   
Begin PCN by 2 months of age 
for all except those proven to 
have sickle b+-thalassemia or 
S-HPFH. 
Referral to pediatric hema-
tologist or sickle cell program. 
 Consider parental testing. 
 

FSC Sickle Hb C disease. Sickle cell disease with mild or no 
anemia by 2 years and variably 
frequent vaso-occlusive complica-
tions. 

Confirmatory test by 2 
months. Referral to pediatric 
hematologist or sickle cell 
program.  Use of prophylactic 
PCN controversial. 

FSA  
Sickle b+-thalassemia 

Sickle cell disease with mild or no 
anemia by 2 years and less frequent 
vaso-occlusive complications. 

Confirmatory test by 2 
months.  Referral to pediatric 
hematologist. 

 
Hb = hemoglobin, HPFH = hereditary persistence of fetal hemoglobin, PCN = penicillin 
 
1. Hemoglobins reported in order of quantity (e.g. FSA  = F>S>A) 
2. Quantity of Hb A at birth sometimes insufficient for detection. 
3. Confirmatory test - Hb separation by 2 complimentary methods (i.e., IEF and HPLC or hemoglobin electrophoresis 

by cellulose acetate and citrate agar).  Liquid blood rather than a filter paper specimen is preferred. 
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Other Non-sickle Hemoglobinopathies.  Infants with Hb F only may be normal infants who do not 
yet show Hb A because of prematurity or may have b-thalassemia major or another thalassemia 
syndrome.  Such infants need follow-up testing, in part because premature infants without Hb A 
need repeat testing to identify those with sickle cell disease and other hemoglobinopathies.  Infants 
with FE require family studies, DNA analysis, or repeat hematologic evaluation during the first 
one to two years of life to differentiate homozygous Hb E, which is asymptomatic, from Hb E b0-
thalassemia which is variably severe.  Infants with FC or FCA usually have homozygous Hb C or 
Hb C b-thalassemia, which usually manifest with a mild microcytic hemolytic anemia.  It is 
important to note that most infants with b-thalassemia syndromes (e.g., b-thalassemia minor and 
b-thalassemia intermediate) are not identified by neonatal screening. 
 
SCREENING 

RESULT1
 

 
L IKELY CAUSES 

 
CLINICAL MANIFESTATIONS 

RECOMMENDED 
FOLLOW-UP 

 
Premature infant 

May be normal.  Repeat screening 
necessary. 

Repeat screening by 2 months 
of age or 4 months after last 
blood transfusion. 

F only 

Homozygous b0-thala-
ssemia 

Severe anemia develops during first 
year of life. 

Repeat screening by 2 months. 
 Referral to pediatric 
hematolo-gist. 

EE 
 

Microcytosis with mild or no anemia. FE 

E b0-thalassemia Mild to severe anemia develops 
during first 2 years of life. 

Confirmatory testing2 by 2 
months of age.  Parental test-
ing, DNA analysis, and/or 
serial CBCs and reticulocyte 
counts during the first 2 years 
of life.  Consider referral to 
pediatric hematologist for 
diagnosis and/or treatment of 
anemia. 

FC CC 
C b0-thalassemia 

FCA C b+-thalassemia 

Mild microcytic hemolytic anemia 
develops by 2 years of age. 

Confirmatory testing2 by 2 
months.  Consider referral to 
pediatric hematologist. 
 

 
Hb = hemoglobin, CBC = complete blood count 
 
1. Hemoglobins (reported in order of quantity (e.g., FCA — F>C>A) 
2. Confirmatory test — Hb separation by 2 complimentary methods (i.e., IEF and HPLC or hemoglobin 

electrophoresis by cellulose acetate and citrate agar). 
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Alpha Thalassemia Syndromes.  The red cells of newborns with alpha thalassemia contain 
hemoglobin Barts, a tetramer of gamma globin.  Most newborn screening programs detect and 
report Hb Barts.  Most infants with Hb Barts are either silent carriers or have alpha-thalassemia 
minor, which is associated with a decreased MCV with mild or no anemia.  Follow-up for such 
infants is often limited to a CBC at 9 - 12 months of age.  Newborns with large amounts of Hb 
Barts or those who develop more severe anemia need more extensive diagnostic testing and 
consultation with a pediatric hematologist to accurately diagnosis and appropriately treat more 
serious forms of alpha-thalassemia, such as Hb H disease or Hb H Constant Spring disease.  Alpha 
thalassemia has significant genetic implications for Asian families who may be at risk for fetal 
hydrops.  Hence family testing and genetic counseling may be appropriate. 
 
 

SCREENING 
RESULTS1 

 
L IKELY CAUSES 

CLINICAL 
MANIFESTATIONS 

RECOMMENDED 
FOLLOW-UP 

Alpha thalassemia silent carrier. 
 

None.  Normal CBC  
FA Barts 
(<10% Barts  
by IEF or 
<30% by 
HPLC) 

Alpha thalassemia minor (trait) Microcytosis with little or 
no anemia 

CBC at 9-12 months.  
Referral to pediatric hema-
tologist for significant 
anemia. Offer family 
studies to Asian families 

Hb H disease Mild to moderately severe 
microcytic hemolytic 
anemia 

 
FA Barts 
(>10% Barts  
by IEF or 
>30% by 
HPLC) 

Hb H Constant Spring Moderately severe hemo-
lytic anemia. 

Serial CBCs during 
infancy.  Referral to pedia-
tric hematologist for 
diagnostic evaluation and 
treatment. 

 
FAS Barts 
FAC Barts 
FAE Barts 
FE Barts 

Alpha thalassemia with structural Hb 
variant. 

Clinical manifestations, if 
any, depend on the 
structural variant (e.g. Hb 
E) and severity of a-
thalassemia. 

Document Hb separation 
by 2 complimentary 
methods, ideally on a 
second specimen1.  CBC 
at 9-12 months of age.  
Referral to pediatric 
hematologist for signifi-
cant anemia. 

 
Hb = hemoglobin, CBC = complete blood count 
 
1. Hemoglobins reported in order of quantity (e.g., FAS Barts — F>A>S>Barts) 
2. Second newborn screening specimen may serve as the confirmatory test if analyzed by 2 complimentary 

methods (e.g. IEF and HPLC). 
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Hemoglobinopathy Carriers.  Reliable diagnosis of hemoglobinopathy carriers requires  
hemoglobin separation by at least two complimentary methods (e.g., IEF and HPLC).  Thus, 
recommendations for confirmatory testing vary among states, depending in part on whether the 
initial screening test is analyzed by both methods and whether hemoglobinopathy testing is 
routinely performed on a second screening specimen. 
 
SCREENING 
RESULTS1 

 
L IKELY CAUSES 

 
CLINICAL MANIFESTATION 

RECOMMENDED 
FOLLOW-UP 

FAS Sickle cell trait. Normal CBC.   
Generally asymptomatic. 

FAC Hb C carrier. No anemia. 
Asymptomatic 

FAE Hb E carrier. Normal or slightly ¯  MCV without 
anemia by 1-2 years.   
Asymptomatic. 

FAD Hb D carrier. Normal CBC. 
Asymptomatic. 

Document Hb separation by 
2 complimentary methods2, 
ideally on a second speci-
men.  Provide family 
education and counseling.  
Offer parental and extended 
family testing and genetic 
counseling. 

FAU (FAV) Unknown hemoglobin 
variant carrier. 

Usually asymptomatic with normal 
CBC 

Review family history for 
anemia or hemolysis.  Con-
sider CBC, reticulocyte 
count at 6-12 months.  
Consider parental testing. 

 
Hb = hemoglobin, CBC = complete blood count 
 
1. Hemoglobins reported in order of quantity (e.g., FAS = F>A>S) 
2. Second newborn screening specimen may serve as the confirmatory test if analyzed by 2 complimentary 

methods (e.g. IEF and HPLC). 
 
 
Treatment 
Sickle Cell Disease.  Sickle cell disease is a complex disorder with multi-system manifestations 
that requires specialized comprehensive care to minimize morbidity and mortality and to achieve 
optimal outcome.  Appropriate treatment requires the active involvement of providers with 
expertise in sickle cell disease, usually a pediatric hematologist working in conjunction with a 
multi-disciplinary team.  Comprehensive care for infants and children with sickle cell disease 
includes the following elements: 
 
 ·  Family and Patient Education.  It is critical that parents of infants with sickle cell disease 

receive education about the child©s disorder before symptoms develop.  Initially, the focus 
should include the genetics and basic pathophysiology of sickle cell disease and the 
importance of regularly scheduled health maintenance visits, prophylactic penicillin, and 
immunizations including pneumococcal vaccines.  Education about the need for urgent 
medical evaluation for febrile illness and for signs and symptoms of splenic sequestration, 
aplastic crisis, acute chest syndrome, stroke, and other complications is critical. 
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 ·  Health Maintenance.  Important health maintenance issues include the institution of 
prophylactic penicillin by two months of age for all infants with Hb SS and S bo-
thalassemia, timely administration of routine immunizations, especially the conjugated 
pneumococcal vaccine, as well as the pneumococcal polysaccharide and influenza 
vaccines.  All patients should have regularly scheduled comprehensive medical evaluations 
to review previous disease manifestations, document important baseline physical findings 
and laboratory values, monitor growth and development, and detect early signs of chronic 
organ damage. 

 
 ·  Acute Illness.  Sickle cell disease is characterized by largely unpredictable acute 

complications that can become rapidly life-threatening.  Thus it is imperative that each 
child have a plan for around the clock access to treatment by providers who have access to 
baseline information about the patient.  Examples of acute illnesses that require urgent 
evaluation include any illness with fever greater than 38.5ëC; severe pain; significant 
respiratory symptoms indicative of acute chest syndrome; pallor, lethargy, or abdominal 
distention (splenic sequestration or aplastic crisis); stroke; and priapism. 

 
 ·  Psychosocial Care.  Comprehensive care includes periodic psychosocial assessments and 

access to services needed to optimize the patient©s and family©s adaptation to chronic 
illness. 

 
 ·  Genetic Education and Counseling.  Parents should be educated about issues related to 

carrier testing and prenatal diagnosis.  Carrier testing includes a CBC and hemoglobin 
separation by hemoglobin electrophoresis, isoelectric focusing, and/or HPLC.  Accurate 
quantitation of Hb F and Hb A2 to exclude b-thalassemia is needed if the MCV is 
borderline or decreased. 

 
Other Non-sickle Hemoglobinopathies.  Patients with mild disorders such as homozygous Hb E or 
homozygous Hb C may benefit from periodic evaluation by a pediatric hematologist with 
monitoring for complications such as splenomegaly, aplastic crisis or gallstones.  Patients with Hb 
E b0-thalassemia and homozygous b0-thalassemia require specialized treatment by a multi-
disciplinary team with expertise in thalassemia.  Important issues include the need for frequent 
blood counts during infancy and childhood, monitoring growth and development, and assessment 
of the need for chronic transfusions.  Patients who require chronic transfusions develop 
transfusional hemosiderosis which is treated with iron chelation therapy. 
 
Alpha Thalassemia Syndromes.  Patients with alpha thalassemia minor require no specific therapy, 
but therapeutic iron should be avoided unless co-existent iron deficiency is documented.  Infants 
with Hb H disease and Hb H Constant Spring disease require ongoing monitoring of growth and 
development.  Complications include splenomegaly, hypersplenism, and gallstones.  Folate 
supplementation and the avoidance of oxidant drugs are recommended. 
 
Hemoglobinopathy Carriers.  Parents of infants who are detected to be carriers should be offered 
education and testing for themselves and their extended family.  Such testing may raise concerns 
about mistaken paternity and should not be performed without prior discussion with the mother.  
Testing of potential carriers requires a CBC and hemoglobin separation by hemoglobin 
electrophoresis, isoelectric focusing, and/or HPLC.  To identify those with b-thalassemia, accurate 
quantitation of Hb A2 and Hb F is also needed if the MCV is borderline or decreased.  
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Screening Practice Considerations 
Blood transfusion may cause false negative results and thus an initial newborn screening test 
should always be obtained prior to any transfusion, regardless of age.  If this is not accomplished, 
repeat hemoglobin electrophoresis should be obtained four months after the date of the last 
transfusion. 
 
Hemoglobinopathies are complex disorders, and practitioners are strongly encouraged to consult 
local program consultants and follow-up resources (see page 46) for further information 
concerning abnormal screening test results and appropriate follow-up and treatment. 
 
 

FOR FURTHER INFORMATION 
See additional resources for professionals and for parents on pages v and vi 

 
The Georgia Comprehensive Sickle Cell Center at Grady Memorial Hospital; www.scinfo.org/ 
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HOMOCYSTINURIA (HCU) 
 

Refer  to the directory on page 46 for  a metabolic consultant in your  state who can provide assistance with 
diagnosis and management of HCU. 

 
Homocystinuria refers to elevated excretion of the amino acid homocystine.  There are a number 
of causes, but the newborn screening test is designed to detect the inborn error cystathionine ß 
synthetase deficiency, which also causes elevated blood levels of methionine.  This is an 
autosomal recessive inherited disorder of methionine metabolism, with an incidence rate of 1:80-
100,000 newborns.  About 1:5,000 infants is found to have elevated blood methionine on newborn 
testing.  In most cases this is a benign, temporary abnormality due to immature enzyme levels or a 
high protein intake.  In the case of cystathionine ß synthetase deficiency, the infant is unable to 
transfer the sulfur atom of homocystine to cystine.  Cystathionine ß synthetase deficiency is 
heterogeneous.  About 40-50% of affected individuals respond to treatment with pyridoxine 
(vitamin B6) by normalization of methionine and homocystine levels, however, these infants 
usually have a small amount of residual enzyme activity and are often missed by newborn 
screening for methionine.  B6-responsive patients have been detected by urine screening at one 
month of age in some programs. 
 
Clinical Features 
Homocystine levels of up to 0.2 � mol/mL and methionine levels of up to 2� mol/mL characterize 
cystathionine synthetase deficiency.  There are no symptoms in the newborn period;  dislocated 
ocular lenses may occur in childhood, as well as thromboembolic events leading to stroke or 
premature death.  Other signs and symptoms include intellectual impairment, seizures, 
arachnodactyly, joint stiffness, osteoporosis, fair skin and hair, liver damage, connective tissue 
damage, and psychiatric or emotional disorders. 
 
There is some evidence that heterozygotes (carriers) may be at increased risk for arteriosclerotic 
cardiovascular disease. 
 
Clinical diagnosis of homocystinuria rarely occurs before serious symptoms (dislocated lenses, 
retardation, or stroke) occur.  Treatment is of variable efficacy. 
 
Besides classic homocystinuria, several forms of hypermethioninemia are known.  The condition 
may be benign or occur in association with mental retardation and myopathy.  Liver disease 
(hepatocellular damage) from hepatitis or tyrosinemia type I frequently causes elevations of serum 
methionine.  Deficiency of folic acid or vitamin B12 causes methylmalonic acidemia with 
homocystinuria and metabolic disorders of B12 formation produce the same biochemical sequelae 
but different symptoms. 
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Laboratory Tests 
A bacterial inhibition assay for methionine is used for screening.  Normal methionine is 
<1 mg/dL (30� M).   
 

 
 Abnormal Results 

 
 L ikely Causes 

 
 Recommended Follow-up 

 
Methionine $ 2 mg/dL 

 
!  Homocystinur ia possible 
!  Liver disease 
!  Other defect of methionine  

metabolism 
!  Hyperalimentation 
!  False positive   

 
Varies;  follow instructions of 
local screening laboratory 

 
Confirmatory testing requires a quantitative blood methionine level and, if elevated, diagnostic 
testing for homocystinuria.  Liver function tests are needed and a urine for succinylacetone may 
also be necessary to exclude tyrosinemia. 
 
Treatment 
About 40% of individuals with cystathionine synthetase deficiency respond promptly to a high 
dose of vitamin B6 (pyridoxine 250-500 mgm daily).  For the remainder, a diet restricted in 
methionine is needed.  Compliance with the diet is difficult.  A special medical food is required to 
provide other amino acids, vitamins, and minerals. Regular dietary monitoring is necessary, and 
biochemical response can be expected.  Long-term outcome of patients treated by dietary 
restriction is not yet known.  Antiplatelet agents such as aspirin or dipyrimazole may help prevent 
thromboembolic events. 
 
Screening Practice Considerations 
A positive screening test depends upon protein ingestion.  Specimens obtained before 48 hours of 
age should be repeated. 
   
Prompt confirmatory testing is required even if there is evidence to suggest that one of the 
situations associated with false positive screens is present (these include early specimen collection, 
prematurity, heat-damaged specimen, hyperalimentation, or antibiotic therapy).  The presence of 
any of these does not exclude the possibility of disease. 
 
 

FOR FURTHER INFORMATION 
 

See resources for professionals and for parents on pages v and vi  
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MAPLE SYRUP URINE DISEASE (MSUD) 
 

Refer  to the directory on page 46 for  a metabolic consultant in your  state who can provide assistance with 
diagnosis and management of MSUD. 

 
Maple Syrup Urine Disease (MSUD) is a rare autosomal recessive inherited disorder of catabolism 
of the branched chain amino acids (BCAA) leucine, isoleucine, and valine and their respective 
branched chain ketoacids (BCKA) due to deficient activity of branched-chain ketoacid 
dehydrogenase. 

 
There are multiple clinical phenotypes characterized by a spectrum of signs and symptoms ranging 
from life-threatening to mild.  The most common form of the condition, classic MSUD, is life-
threatening in early infancy and requires prompt medical intervention.  Classic MSUD is due to 
absent activity of the mitochondrial enzyme complex-branched chain � -ketoacid dehydrogenase.  
It occurs with an incidence of approximately 1:200,000 infants. 
   
Clinical Features 
Symptoms of MSUD begin shortly after birth concomitant with the ingestion of dietary protein.  
Because the ingestion of the branched chain amino acids exceeds metabolic requirements for 
growth, and catabolism of the excess amino acids is blocked, the BCAA and BCKA accumulate in 
blood and are excreted in the urine.  Signs and symptoms progress from poor feeding, irritability, 
and vomiting to lethargy and coma in the first weeks of life.  Hypoglycemia and a strongly 
positive test for urine ketones may be present.  The BCKA may impart a maple syrup or burnt 
sugar odor to the urine (which gives the disease its name).  Without rapid treatment, death or 
permanent neurologic damage may result.  As with most other inherited disorders, there are 
variant forms of MSUD due to genetic mutations that reduce but do not eliminate enzyme activity. 
 These include the intermediate, intermittent, and thiamine-responsive forms.  The incidence of 
these variant forms in the general population is not known, and whether these variant forms of 
MSUD will be detected by newborn screening has not been determined. 
 
Laboratory Tests 
Elevation of leucine is detected by a bacterial inhibition assay.  Normal leucine levels are <4 
mg/dL.  Even transient elevation of plasma leucine in the normal newborn is unusual unless the 
infant is premature and/or receiving IV amino acid preparations. 
 

 
 Abnormal Results 

 
 L ikely Causes 

 
 Recommended Follow-up 

 
Leucine $ 4 mg/dL 

 
!  MSUD probable 
!  Hyperalimentation 
!  Prematurity 
!  False positive 

 
Neonatal Emergency 
 
Consultation with a metabolic center to 
arrange immediate diagnostic testing 
and treatment  
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Treatment 
Any screening value $$$$4 mg/dL should be evaluated immediately.  Any newborn in whom the 
plasma leucine level is 4 mg/dl or greater should be considered to have MSUD until proven 
otherwise.  Contact with a metabolic center should be initiated for assistance in diagnosis and 
management.  If the infant has symptoms of MSUD, the infant should be transferred to the 
metabolic center for specialized emergency intervention. (Refer to the directory on page for a 
metabolic consultant in your state.) 
 
Long-term treatment consists of the administration of nutrition low in the branched chain amino 
acids.  A protein-restricted diet will need to be maintained for life.  Studies have shown that early 
diagnosis and appropriate long-term management may improve neurologic development. 
 
Screening Practice Considerations  
Plasma BCAA levels begin to rise immediately after birth, however significant increases in the 
levels usually requires protein ingestion or catabolism.  Early discharge of infants may result in 
inadequate increases in BCAA levels for detection by newborn screening.   
 
Prompt confirmatory testing is required even if there is evidence to suggest that one of the 
situations associated with false positive screens is present (these include early specimen collection, 
prematurity, heat-damaged specimen, hyperalimentation, or antibiotic therapy).  The presence of 
any of these does not exclude the possibility of disease. 
 
 

FOR FURTHER INFORMATION 
See additional resources for professionals and for parents on pages v and vi 

 
Maple Syrup Urine Disease Family Support Group (MSUD); 24806 State Road, #119, Goshen, IN 
46526; 219-862-2992; www.msud-support.org  
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PHENYLKETONURIA (PKU) 
 

Refer  to the directory on page 46 for  a metabolic consultant in your  state who can provide assistance with 
diagnosis and management of PKU. 

 
The practice of newborn screening was originally developed to detect PKU.  All states screen for 
PKU.  The incidence is 1:10-15,000 Caucasian births; it occurs infrequently in people of African 
descent and with variable frequency in other ethnic groups.  PKU accounts for about one-half of 
all cases of hyperphenylalaninemia.  PKU is due to a recessively inherited defect in which the 
body cannot use the amino acid phenylalanine properly. Phenylalanine, which comes from all 
dietary protein, accumulates in the blood.  Most abnormalities in the metabolism of the amino acid 
phenylalanine are caused by mutations in the gene which is responsible for the production of the 
enzyme phenylalanine hydroxylase.  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 30� M and 180� M .  (Please refer to the 
table on page for the definition of normal and abnormal values in mg/dL used in your state 
screening program.) 
 
Clinical Features 
 
Classical phenylketonur ia is a disorder in which the blood phenylalanine concentration rises 
above 1200� M on a normal diet.  Without treatment, 95% of affected individuals develop severe 
mental retardation.  Other symptoms may include hyperactivity, spasticity, seizures, eczema, and 
autistic-like behavior.  Physical findings are nondiagnostic.   In addition to a marked elevation of 
blood phenylalanine, phenylketones may be produced when the blood level is above 1200� M . 
These compounds have a peculiar, mousey odor, sometimes noticeable in untreated patients. 
 
Hyperphenylalaninemia refers to any consistent elevation of phenylalanine levels, including 
classical PKU.  If cases of classical PKU are excluded, this includes levels between 240� M and 
1200� M.  These may be caused by liver damage, transient tyrosinemia of prematurity, mutation of 
the phenylalanine hydroxylase gene, disorders of cofactor synthesis or regeneration, or maternal 
PKU.  The cause of hyperphenylalaninemia must be determined if proper treatment is to be 
provided.  Treatment by dietary restriction alone is inadequate for a tetrahydrobiopterin cofactor 
defect. The cofactor is necessary not only for normal activity of phenylalanine hydroxylase, but 
also for activity of the tyrosine and tryptophan hydroxylase which synthesize serotonin and 
dopamine. 
 
Laboratory Tests 
Most of the states in our region use a fluorometric assay to detect elevated levels of phenylalanine. 
Elevated levels of phenylalanine can also be detected using a bacterial inhibition (Guthrie) assay, a 
semiquantitative test.  The table on page provides the testing method and definitions of abnormals 
used by each state screening lab in the region.  The likely causes of a positive screen and the 
actions to be taken in response to a positive screen vary according to the laboratory protocol and 
should be checked with your individual state screening program.  Refer to the directory on page 
for newborn screening laboratory and follow-up contacts and metabolic physician consultants for 
your state. 
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Newborn screening test results must be confirmed before a specific diagnosis can be made.  A 
quantitative tyrosine level should also be obtained to exclude hepatic causes of 
hyperphenylalaninemia.  Urine and serum pterins should be measured to diagnose cases of 
dihydropteridine reductase deficiency or a defect in tetrahydrobiopterin synthesis. 
 

Abnormal Results Likely Causes Recommended Follow-up 

AZ/CO/UT/WY: 
 
Phenylalanine  >=2.1 mg/dL 
 
MT/NM: 
 
Phenylalanine  >=3.0 mg/dL 
 

PKU 
 
Milder Hyperphenylalanemia 
variant 
 
False Positive 

Varies; follow instructions of 
local screening laboratory 
 
 
Any elevation of phenylalanine 
should be considered significant 
and followed up without delay. 
 
Potential Neonatal Emergency 
 

   
Treatment              
With early treatment, symptoms of classical phenylketonuria are preventable.  Treatment should 
be started as soon as possible after birth, once phenylalanine elevations are confirmed and other 
possible causes excluded.  Minimal levels requiring treatment are controversial, but in most clinics 
are 600� M to 900� M. 
 
Dietary restriction of phenylalanine is the mainstay of therapy in most cases.  Treatment should 
continue indefinitely.  Because phenylalanine is an essential amino acid, it is necessary to 
consume a minimal amount, which must be carefully monitored and adjusted periodically with 
growth.  A special medical food containing amino acids (except phenylalanine), vitamins, and iron 
is necessary in conjunction with a carefully prescribed and monitored diet to prevent 
protein/calorie malnutrition, osteoporosis, and catabolism. 
 
Late treatment of PKU is variably effective.  Behavior may improve, but reversal of mental 
retardation does not.  Discontinuation of treatment is associated with variable loss of intellectual 
functioning, hyperactivity, and onset of seizures and other neurological signs.   
 
Screening Practice Considerations 
The phenylalanine level of affected infants rises gradually after birth with little, if any, effect of 
the amount of protein ingested by the infant.  Screening at 72 hours is recommended to maximize 
detection.  The practice of early discharge from the nursery may lead to a falsely negative 
screening result.  Calculations based upon the rate of rise of phenylalanine levels in affected 
infants shows a screening test sensitivity of 84% before 2 hours, 97.8% at or before 48 hours, and 
99.7% after 48 hours.  Another reference suggests a false negative rate of 30% in babies tested in 
the first 12 hours of life.  If an infant is tested before 48 hours of age, a repeat test is 
recommended.  Dialysis or transfusion may also temporarily lower phenylalanine levels.  Children 
who develop retardation before one year of age should undergo testing for PKU even if a negative 
screening test is documented. 
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Prompt confirmatory testing is required even if there is evidence to suggest that one of the 
situations associated with false positive screens is present (these include early specimen collection, 
prematurity, heat-damaged specimen, hyperalimentation, or antibiotic therapy).  The presence of 
any of these does not exclude the possibility of disease.  
 
Maternal PKU 
Pregnancy presents a special problem with PKU and hyperphenylalaninemia; high blood levels of 
phenylalanine are teratogenic to the fetus.  This is important in the context of newborn screening 
because early testing of an infant born to a mother with PKU or hyperphenylalaninemia can reflect 
the mother's phenylalanine levels.  A positive test on a newborn who then has a normal repeat test, 
especially if the baby has growth retardation, microcephaly, or malformations, should raise the 
possibility of maternal PKU.  If maternal PKU is suspected, the mother should be appropriately 
tested and counseled.  Treatment in future pregnancies may prevent similar effects on future 
offspring.
 
 
 

FOR FURTHER INFORMATION
 

See additional resources for professionals and for parents on pages v and vi 
 
National PKU News; 6869 Woodlawn Ave., NE, #116, Seattle, WA 98115-5469; 206-525-8140;  
www.pkunews.org 
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 DIRECTORY 
 
 NEWBORN SCREENING PROGRAM PERSONNEL  
 AND PHYSICIAN SPECIALISTS 
 
  BY STATE          
 
 Updated September  2003 
 
 
Newborn screening program personnel and physician specialists are available to provide 
consultation for the screening, follow-up, evaluation, diagnosis, and medical management of 
children diagnosed with disease through the newborn screening programs of the Mountain States 
region.  Questions concerning laboratory tests and values, appropriate follow-up measures, and 
medical management of affected children should be directed as outlined below.   
 

Arrangement is alphabetical by state.  Please note that Wyoming is listed with Colorado.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
This information can change frequently.  This directory is updated periodically in the online 
version of this manual on the Network’ s website at www.mostgene.org. 
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ARIZONA 
 
Newborn Screening Program Personnel and Physician Specialists 
 

Laboratory Contact:              
 
          Debbie Wright 
     Supervisor, Newborn Screening Laboratory 

    Arizona Department of Health Services Laboratory 
          1520 West Adams 
          Phoenix, AZ 85007 
          (602) 542-1184; FAX (602) 542-4368 
 

Program Contacts: (for  assistance with follow-up) 
 

General 
 
               Ruthann Smejkal, PhD, Newborn Screening Program Manager 
               Wendie Jenkins, Follow-up Coordinator 
               Arizona Department of Health Services 
               Office of Women©s and Children©s Health 
               150 North 18th Avenue, Suite 320 
               Phoenix, AZ 85007 
               (602) 364-1409; FAX (602) 364-1495 
 

Education 
 

   Arizona Department of Health Services 
               Office of Women’ s and Children’ s Health 
               150 North 18th Avenue, Suite 320 
               Phoenix, AZ 85007   
               (602) 364-1409; FAX (602) 364-1495  
 
 
Medical Consultants: 
 

Endocr ine 
 
     Roger Johnsonbaugh, MD 
               Arizona Pediatric Endocrinology 
               3411 N. 5th Ave., Ste. 201 
               Phoenix, AZ 85013 
               (602) 274-5078; FAX (602) 285-0378 
 
 
     (endocrine consultants, continued, next page) 
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               Alvin Perelman, MD 
  Southwest Pediatric Endocrinology 
  10900 N. Scottsdale Road, Suite 504 
  Scottsdale, AZ 85254 
  (480) 991-2230; FAX (480) 991-3325 
 
               Khalid Hasan, MD 
   Silvia Kaufmann, MD 
               Phoenix Children©s Hospital 
               Pediatric Endocrinology Section 
               1919 E. Thomas Road 
               Phoenix, AZ 85016 
               (602) 546-0935; FAX 546-0610  
 
               Naznin Dixit, MD 
               University of Arizona Health Sciences Center 
               P.O. Box 24-5073 
               1501 North Campbell Ave., Rm 3504 
               Tucson, AZ 85724-5073 
               (520) 626-6077; FAX (520) 626-2881  
 
               Mark Wheeler, MD 
               Children©s Clinic for Rehabilitative Services 
               2600 N. Wyatt 
               Tucson, AZ 85712 
               (520) 324-3425; FAX (520) 324-3227 
 

Metabolic 
     

               Kirk Aleck, MD 
   The University of Arizona 

               Phoenix Genetics Program 
               Phoenix Children’s Hospital 
   1919 E. Thomas Road 
               Phoenix, AZ 85016  
               (602) 546-0950; FAX (602) 546-0216          

 
         Randy Heidenreich, MD 

   Sue Ogden, RN, MSN 
               The University of Arizona Health Sciences Center 
               College of Medicine 
               Department of Pediatrics 
               1501 N. Campbell Ave. 
               Tucson, AZ 85724-5073 
               (520) 626-5175; FAX (520) 626-8056 
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Hemoglobinopathies 
 
               Jesse Cohen, MD 
               Children©s Rehabilitative Services 
               124 W. Thomas 
               Phoenix, AZ 85013 
               (602) 253-5993; FAX 253-0466 
  
               John Hutter, MD 
               University of Arizona 
               Pediatric Hematology/Oncology Office 
               1501 North Campbell Ave., Rm 4341 
               Tucson, AZ 85724 
               (520) 626-6527; FAX (520) 626-4220 
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COLORADO / WYOMING 
 
Newborn Screening Program Personnel and Physician Specialists 
 

Laboratory Contact: 
 
          Daniel Wright, Supervisor 
          Newborn Screening Laboratory 
          Colorado Department of Public Health and Environment 
     Laboratory Services Division 
          Mailing address for specimens and correspondence:  P.O. Box 17123, Denver 80217 
     Laboratory location:  8100 Lowry Blvd., Denver 
          (303) 692-3670 
     FAX (303) 691-4008  
           
 

Program Contacts: (for  assistance with follow-up) 
 
          General 
 
               Colorado  
                    Laura Taylor, Follow-up Coordinator 

  Newborn Evaluation, Screening and Tracking 
          Health Care Program for Children with Special Needs 
     Colorado Department of Public Health and Environment 
     4300 Cherry Creek Drive South 
     Denver, CO  80246 
     303-692-2425 
     Fax: 303-782-5576 

 
 

               Wyoming  
                    Larry Goodmay, MS, MBA 
                    Genetic Program Manager 
                    Wyoming Department of Health 
                    483 Hathaway Bldg. 
                    Cheyenne, WY 82002 
                    (307) 777-7166; FAX (307)777-6422 

  email: lgoodm@state.wy.us 
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Metabolic (for  assistance with follow-up) 
 

   Janet Thomas, M.D, or staff  
               Inherited Metabolic Disease Clinic 
               The Children©s Hospital, Box B-153 
               1056 E. 19th Avenue 
               Denver, CO 80218 
               (303) 861-6847; FAX (303) 764-8024 
               Emergency On-Call Metabolic Physician 
               (303) 861-8888 
 

Hemoglobinopathies (for  assistance with follow-up) 
 
               Donna Holstein, RN, BSN 
               CO Sickle Cell Treatment and Research Center 
               University of Colorado Health Sciences Center, Box C-222 
               4200 E. 9th Avenue 
               Denver, CO 80262 
               (303) 372-9075; FAX 372-9161                      
 
Medical Consultants: 
 

Endocr ine 
 
        Dr. Michael Kappy      
   Dr. Sharon Travers 
   Dr. Philip Zeitler 
   Division of Pediatric Endocrinology 
   The Children’s Hospital, Box B-265 
   1056 E. 19th Avenue 
   Denver, CO  80218 
   303-861-6128 
   Fax: 303-864-5679 
 
   Dr. Clifford Bloch 
   Dr. Sunil Nayak 
   Dr. Cynthia Yuse-Gabriel 
   Pediatric Endocrine Associates 
   499 E. Hampden Avenue, #290 
   Englewood, CO  80110 
   303-783-3883 

      Fax: 303-783-3800 
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Metabolic 
 
               Janet Thomas, MD / metabolic physician on call 
               Inherited Metabolic Disease Clinic 
               The Children©s Hospital, Box B-153 
               1056 E. 19th Avenue 
               Denver, CO 80218 
               (303) 861-6847; FAX (303) 764-8024 
               Emergency On-Call Metabolic Physician 
               (303) 861-8888  
 
               Stephen I. Goodman, MD 
               Department of Pediatrics 
               University of Colorado Health Sciences Center, Box C-233 
               4200 E. 9th Avenue 
               Denver, CO 80262 
               (303) 270-7301; FAX 270-8080 
 

Hemoglobinopathies 
 
               Dr. Kathryn Hassell 
     Dr. Rachelle Nuss 
               CO Sickle Cell Treatment and Research Center 
               University of Colorado Health Sciences Center, Box C-222 
               4200 E. 9th Avenue 
               Denver, CO 80262 
               (303) 372-9070; FAX 372-9161  
 

Cystic Fibrosis 
 
                Frank J. Accurso, MD 
                Jeffrey Wagener, MD 
                Cystic Fibrosis Center 
                The Children©s Hospital, Box B-395 
                1056 E. 19th Avenue 
                Denver, CO 80218 
                (303) 837-2522 
      FAX 837-2924  
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MONTANA 
 
Newborn Screening Program Personnel and Physician Specialists 
 

Laboratory Contact: 
 
          Susanne Zanto 
          Public Health Laboratory  
          Montana Department of Public Health and Human Services 
          P.O. Box 6489 
          Helena, MT 59604 
          (406) 444-2839; FAX (406) 444-1802 
          email: szanto@state.mt.us  
 

Program Contact: (for  assistance with follow-up) 
 
          Jan Baker 
          Newborn Screening Program Manager 
          Children©s Special Health Services 
          Montana Department of Public Health and Human Services 
          P.O. Box 202951 
          Helena, MT 59620-2951 
          (406) 444-6858; FAX (406) 444-2606 

    email: jabaker@state.mt.us 
 
Available Clinic Services Contact: 
 
    BJ Archambault, RN 
    Children’s Special Health Services 
    Montana Department of Public Health and Human Services 
    P.O. Box 202951 
    Helena, MT 59620-2951 
    (406) 444-0984; FAX (406) 444-2750 

 
Medical Consultants: 
 

Metabolic 
 

   Janet Thomas, M.D, or staff  
               Inherited Metabolic Disease Clinic 
               The Children©s Hospital, Box B-153 
               1056 E. 19th Avenue 
               Denver, CO 80218 
               (303) 861-6847; FAX (303) 764-8024 
               Emergency On-Call Metabolic Physician 
               (303) 861-8888 
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Cystic Fibrosis 
 
               Frank J. Accurso, MD 
     Jeffrey Wagener, MD 
               Cystic Fibrosis Center 
               The Children©s Hospital, Box B-395 
               1056 E. 19th Avenue 
               Denver, CO 80218 
               (303) 861-6181; FAX (303) 837-2924  
 
               Jerrold Eichner, MD 

   Great Falls Clinic 
   1400 29th Street South 

               Great Falls, MT 59405 
               (406) 454-2171 ext. 3313; FAX (406) 771-3059 
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NEW MEXICO 
 
Newborn Screening Program Personnel and Physician Specialists 
 

Laboratory Contact: 
 
          Supervisor Metabolic Section 
          Scientific Laboratory Division 
          New Mexico Department of Health 
          700 Camino de Salud, NE 
          Albuquerque, NM 87106 
          (505) 841-2581; FAX 841-2560 
          email: larry.chavez@state.nm.us 
          website: www.sld.state.nm.us/nms/  
 

Program Contacts: (for  assistance with follow-up) 
 
          State Genetics Coordinator 
          Children©s Medical Services, Family Health Bureau 
          2040 South Pacheco Street 
          Santa Fe, NM 87505  
          (505) 476-8857; FAX (505) 476-8896 
     email:  Sherryb@doh.state.nm.us 
 
          Nurse Consultant/Follow-up Coordinator 
          Newborn Genetic Screening Program 
          Children’ s Medical Services, Family Health Bureau 
          2040 South Pacheco Street 
          Santa Fe, NM 87505  
          (505) 476-8858; FAX (505) 476-8896 
          email: wanday@doh.state.nm.us 
 
     The Sickle Cell Council of New Mexico, Inc. 
     7800 Marble NE, Suite #2 
     Alburquerque, NM  87110 
     (505) 254-9550 FAX (505) 254-9642 
     email: info@sicklecellnm.org 
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Medical Consultants: 
 

Endocr ine 
 

Nancy Greger, MD, Professor of Pediatrics  
Division of Endocrinology 
University of NM School of Medicine 
211 Lomas NE, ACC-3W 
Albuquerque, NM 87131-5311 
(505) 272-6632 FAX (505) 272-6620 

            email: ngreger@salud.unm.edu  
 
 Metabolic 
 

Carol Clericuzio, MD  
Clinical Geneticist 
Division of Genetics/Dysmorphology 
Department of Pediatrics 
University of NM School of Medicine 
Albuquerque, NM 87131 
(505) 272-6631 FAX (505) 272-6823 

            email: ccleri@salud.unm.edu  
  
 

Hemoglobinopathies 
 

James McKinnell, MD 
Division of Hematology/Oncology 
Department of Pediatrics, ACC3 
University of NM School of Medicine 
Albuquerque, NM  87131 
(505) 272-4461 FAX (505) 272-6845  
email: jmckinnell@salud.unm.edu 
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UTAH 
 
Newborn Screening Program Personnel 
 

Laboratory Contact: 
 

Jana Coombs, RM (AAM), SV, M (ASCP) 
Newborn Screening Laboratory 
Utah Department of Health 
46 N. Medical Drive                 
Salt Lake City, UT 84113 
(801) 584-8451; FAX 584-8486 
email: jcoombs@utah.gov 

 
Program Contact: (for  assistance with follow-up) 

 
Fay Keune, RN, BSN 
Newborn Screening Program 
Family Health Service 
Utah Department of Health 
P.O. Box 144711 
Salt Lake City, UT 84114-4711 
(801) 584-8256; FAX (801) 584-8492 or (801) 536-0966  
email:  fkeune@utah.gov 

 
Medical Consultants: 
 

Endocr ine  
 
       Mary A Murray, MD 

Department of Pediatrics – Division of Endocrinology 
University of Utah School of Medicine 
50 N Medical Drive 
Salt Lake City, UT 84112 
(801) 587-7761; FAX (801) 587-9607 

 
 
            Rob H. Lindsay, MD 
            508 E. South Temple, #310 
            Salt Lake City, UT 84102 
            (801) 355-4315; FAX 355-6267 
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Metabolic  
 
            Nicola Longo, MD 

Department of Pediatrics – Division of Medical Genetics 
University of Utah School of Medicine 
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Arizona Administrative Code Title 9, Ch. 14 Department of Health Services - Laboratories 

 
Historical Note 

Exhibit Y adopted effective February 12, 1996 (Supp. 96-1). 
ARTICLE 5. TESTS FOR ENDOCRINE DISORDERS, METABOLIC DISORDERS, AND HEMOGLOBINOPATHIES 

R9-14-501. Definitions 
 
 

In this Article, unless otherwise specified: 
1. .Administrator. means an individual in charge of the 
onsite management of a health care facility. 
2. .Abnormal. means a result of an analysis performed 
as part of a newborn screening test that deviates from 
the range of values established by the Department. 
3. .Admitted. means a written acceptance of a newborn 
by a health care facility. 
4. .AHCCCS. means the Arizona Health Care Cost 
Containment System. 
5. .Biotinidase deficiency. means a congenital metabolic 
disorder characterized by defective biotinidase activity 
that causes abnormal biotin metabolism. 
6. .Birth center. means a health care facility that is not a 
hospital, that is organized for the sole purpose of 
delivering newborns. 
7. .Classic galactosemia. means a congenital metabolic 
disorder characterized by abnormal galactose 
metabolism due to defective galactose-1-phosphate 
uridyltranferase activity. 
8. .Committee. means the newborn screening program 
committee specified in A.R.S. § 36-694. 
9. .Congenital adrenal hyperplasia. means an endocrine 
disorder characterized by decreased cortisol production 
and increased androgen production due to defective 21- 
hydroxylase activity. 
10. .Congenital hypothyroidism. means an endocrine 
disorder characterized by deficient thyroid hormone 
production. 
11. .Department. means the Arizona Department of 
Health Services. 
12. .Director. means the Director of the Department of 
Health Services. 
13. .Discharge. means the release of a patient from 
medical care by a health care facility. 
14. .Disorder. means a disease or medical condition that 
may be identified by a laboratory analysis. 
15. .Document. means to establish and maintain 
information in written, photographic, electronic, or other 
form. 
16. .Electronic. means relating to technology that has 
electrical, digital, magnetic, wireless, optical, or 
electromagnetic capabilities or similar capabilities. 
17. .First specimen. means the initial satisfactory 
specimen on which the newborn screening laboratory 
performs an analysis to detect a disorder listed in R9-14-
502(A). 
18. .Guardian. means an individual appointed by a court 
under A.R.S. Title 14, Chapter 5, Article 2. 
19. .Health care facility. means a health care institution 
defined in A.R.S. § 36-401 where obstetrical care or 
newborn care is provided. 
20. .Health care provider. means a physician, physician 
assistant, or registered nurse practitioner, or midwife. 
21. .Health-related services. means the same as in 
A.R.S. § 36-401. 

22. .Hemoglobinopathy. means any inherited 
abnormality in the production, structure, or function of 
hemoglobin. 
23. .Home birth. means delivery of a newborn, outside a 
health care facility, for which the newborn is not 
hospitalized within 72 hours of delivery. 
24. .Homocystinuria. means a congenital metabolic 
disorder characterized by abnormal methionine and 
homocysteine metabolism due to defective cystathione-
ß-synthase activity. 
25. .Hospital. means a health care institution that 
provides hospital services for the diagnosis and 
treatment of patients. 
26. .Identification code. means an account number 
assigned by the newborn screening laboratory. 
27. .Maple syrup urine disease. means a congenital 
metabolic disorder of branched chain amino acid 
metabolism due to defective branched chain-keto acid 
dehydrogenase activity. 
28. .Medical services. means the same as in A.R.S. § 
36-401. 
29. .Midwife. means an individual licensed under A.R.S. 
Title 36, Chapter 6, Article 7 or certified under A.R.S. 
Title 32, Chapter 15. 
30. .Newborn. means a human from birth through 28 
days of age for whom a certificate of live birth is required 
to be filed under A.R.S. § 36-322. 
31. .Newborn care. means medical services, nursing 
services, and health-related services provided to a 
newborn. 
32. .Newborn screening laboratory. means an entity 
contracted with the Department under A.R.S. § 36-
694(C) to perform the newborn screening test. 
33. .Newborn screening test. means multiple laboratory 
analyses performed on a first specimen and a second 
specimen to detect the presence of endocrine disorders, 
metabolic disorders, or hemoglobinopathies listed in R9- 
14-502(A). 
34. .Nursing services. means the same as in A.R.S. § 
36-401. 
35. .Obstetrical care. means the medical services, 
nursing services, and health-related services provided to 
a woman throughout her pregnancy, labor, delivery, and 
postpartum. 
36. .Parent. means a natural, adoptive, or custodial 
mother or father of a newborn. 
37. .Person. means the state, a municipality, district, or 
other political subdivision, a cooperative, institution, 
corporation, company, firm, partnership, individual, or 
other legal entity. 
38. .Phenylketonuria. means a congenital metabolic 
disorder characterized by abnormal phenylalanine 
metabolism due to defective phenylalanine hydroxylase 
activity. 
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39. .Physician. means an individual licensed under 
A.R.S. Title 32, Chapters 13, 14, 17, or 29. 
40. .Physician assistant. means an individual licensed 
under A.R.S. Title 32, Chapter 25. 
41. .Registered nurse practitioner. means the same as in 
A.R.S. § 32-1601. 
42. .Satisfactory specimen. means a specimen collection 
kit, on which demographic information has been written 
and blood applied to the filter paper of that specimen 
collection kit, that meets the newborn screening test 
requirements. 
43. .Second specimen. means a satisfactory specimen 
collected after a first specimen, on which the newborn 
screening laboratory performs analyses to detect the 
presence of all of the disorders listed in R9-14-502(A). 
44. .Sickle cell disease. means a hemoglobinopathy 
characterized by the distortion of the red blood cells. 
45. .Specimen. means capillary or venous blood, but not 
cord blood, applied to the filter paper of the specimen 
collection kit. 
46. .Specimen collection kit. means a form supplied by 
the Department for obtaining information specified in R9-
14-502(C), with an attached strip of filter paper for 
collecting a specimen. 
47. .Test. means a laboratory analysis performed on 
body fluid, tissue, or excretion to determine the presence 
or absence of a disorder. 
48. .Transfer. means discharging and relocating a 
newborn from a health care facility to another health 
care facility. 
49. .Transfusion. means the infusion of blood or blood 
products into the body of an individual. 
50. .Unsatisfactory specimen. means a specimen 
collection kit, on which demographic information has 
been written and blood applied to the filter paper of that 
specimen collection kit that is rejected by the newborn 
screening laboratory for any of the reasons specified in 
R9-14-502(B). 
51. .Verify. means to obtain information through sources 
that include the newborn screening program, a health 
care provider, a health care facility, or a documented 
record. 
52. .Working day. means 8:00 a.m. through 5:00 p.m. 
Monday through Friday, excluding state holidays. 
Historical Note 
Adopted effective November 2, 1979 (Supp. 79-6). 
Section R9-14-501 renumbered from R9-14-512 and 
amended effective June 14, 1990 (Supp. 90-2). 
Amended by emergency action effective October 27, 
1994, pursuant to A.R.S. § 41-1026, valid for 90 days 
(Supp. 94-4). Amended again by emergency action 
effective January 25, 1995, valid for 180 days (Supp. 95-
1). Amended effective July 10, 1995 (Supp. 95-3). 
Amended by final rulemaking at 7 A.A.R. 4965, effective 
January 1, 2002 (Supp. 01-4). 
R9-14-502. Testing of Newborns 
A. A newborn screening test shall screen for the 
presence of the following disorders: 
1. Biotinidase deficiency; 
2. Classic galactosemia; 
3. Congenital adrenal hyperplasia; 
4. Congenital hypothyroidism; 

 
5. Hemoglobinopathy; 
6. Homocystinuria, 
7. Maple syrup urine disease; and 
8. Phenylketonuria. 
B. A health care facility’s designee, a health care 
provider, or the health care provider’s designee shall: 
1. Collect a satisfactory specimen; 
2. Complete the information on the specimen collection 
kit; and 
3. Submit the specimen collection kit to the newborn 
screening laboratory no later than 24 hours, or the next 
working day, after the specimen is collected. 
C. A health care facility’s designee, a health care 
provider, or the health care provider’s designee shall 
provide the following information on the specimen 
collection kit provided by the Department: 
1. The newborn’s name, gender, ethnicity, medical 
record number, and if applicable, AHCCCS identification 
number; 
2. The newborn’s type of food; 
3. Whether the newborn is a single or multiple birth; 
4. Whether the newborn has a medical condition that 
may affect the newborn screening test results; 
5. Whether the newborn received antibiotics or a blood 
transfusion and, if applicable, the date of the last blood 
transfusion; 
6. The method of specimen collection; 
7. The date and time of birth and newborn’s weight at 
birth; 
8. The date and time of specimen collection and the 
newborn’s weight when the specimen is collected; 
9. The name and identification code of the person 
submitting the specimen; 
10. The name, identification code, and address of the 
newborn’s health care provider; 
11. The mother’s name, date of birth, address, and if 
applicable, AHCCCS identification number; and 
12. Whether the parent or guardian refused the newborn 
screening test. 
D. If a parent or guardian refuses the newborn screening 
test, a health care facility’s designee, a health care 
provider, or the health care provider’s designee shall: 
1. Document the refusal in the newborn’s medical 
record; and 
2. Submit the specimen collection kit, with the form 
completed, to the newborn screening laboratory no later 
than 24 hours or the next working day after the form is 
completed. 
E. A health care facility’s designee, a health care 
provider, or the health care provider’s designee shall 
collect a first specimen according to whichever of the 
following occurs first: 
1. A newborn is 48 to 72 hours old; 
2. Before and proximate to a newborn’s discharge time; 
or 
3. Before a transfusion, unless specified otherwise by a 
physician, physician assistant, or registered nurse 
practitioner. 
F. A birth center is exempt from the requirement in R9-
14-502(E)(2) to collect a first specimen before and 
proximate to a newborn’s discharge time. 

G. After a first specimen is collected, a health care 
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facility’s designee, a health care provider, or the health 
care provider’s designee shall collect a second 
specimen according to whichever of the following occurs 
first: 
1. If a home birth attended by a health care provider, 
when the newborn is seven through 14 days old; 
2. If a newborn is in a health care facility, when the 
newborn is seven through 14 days old; or 
3. At the time of a newborn’s first visit to a health care 
provider after discharge. 
H. Before a newborn is discharged, a health care 
facility’s designee, a health care provider, or the health 
care provider’s designee shall inform the newborn’s 
parent or guardian of the requirement for a second 
specimen if the second specimen has not been 
collected. 
I. If a health care facility’s designee, a health care 
provider, or the health care provider’s designee cannot 
verify that a first specimen has been collected on an 
individual who is one-year old or less, the health care 
provider or the health care provider’s designee shall 
collect a specimen and submit the specimen to the 
newborn screening laboratory. 
J. A specimen is unsatisfactory for the newborn 
screening test if: 
1. There is an insufficient quantity of blood to complete 
the newborn screening test; 
2. The blood is clotted or layered; 
3. The blood has serum rings; 
4. The blood is diluted or discolored; 
5. The blood will not elute from the filter paper; 
6. The blood has been applied to both sides of the filter 
paper; 
7. The blood or the filter paper is contaminated; 
8. The filter paper is scratched or abraded; or 
9. The specimen is received by the newborn screening 
laboratory 
14 days or more after the specimen is collected. 
K. The newborn screening laboratory shall report results 
from all newborn screening tests: 
1. In writing, to the person submitting the specimen and 
the health care provider identified on the specimen 
collection kit, and 
2. To the Department. 
L. A health care facility’s designee, a health care 
provider, or the health care provider’s designee who 
orders a test, shall send the results in writing to the 
Department, if the test is: 
1. Performed by a laboratory other than the newborn 
screening laboratory, and 
2. In response to an abnormal newborn screening test. 
M. Newborn screening test results are confidential 
subject to the disclosure provisions of A.A.C. Title 9, 
Chapter 1, Article 3. 
Historical Note 
Adopted effective November 2, 1979 (Supp. 79-6). 
Section R9-14-502 renumbered from R9-14-513 and 
amended effective June 14, 1990 (Supp. 90-2). 
Amended by emergency action effective October 27, 
1994, pursuant to A.R.S. § 41-1026, valid for 90 days 
(Supp. 94-4). Amended again by emergency action 
effective January 25, 1995, valid for 180 days (Supp. 95- 

 
1). Amended effective July 10, 1995 (Supp. 95-3). 
Amended by final rulemaking at 7 A.A.R. 4965, effective 
January 1, 2002 (Supp. 01-4). 
R9-14-503. Persons Responsible for Tests 
A. An administrator shall ensure that a first specimen is 
collected from each newborn born at the health care 
facility unless the newborn is transferred before the 
newborn is three days old or the newborn dies before 
the specimen is collected. 
B. If a newborn is admitted to a health care facility or 
transferred to another health care facility, the 
administrator of the receiving facility shall verify that the 
first specimen has been collected before admission or 
transfer. If the administrator cannot verify that the first 
specimen has been collected, the administrator 
shall ensure that a health care provider or the health 
care provider’s designee collects the specimen. 
C. Unless an administrator can verify that a second 
specimen has been collected from a newborn who is 
seven to 14 days old, the administrator shall ensure that 
a second specimen is collected from a newborn who is: 
1. Not discharged; 
2. Admitted to the health care facility; or 
3. Transferred to the health care facility. 
D. If a specimen is collected, the administrator shall 
ensure that all the information requested on the 
specimen collection kit is completed. 
E. If a home birth is attended by a health care provider, 
the health care provider or health care provider’s 
designee shall: 
1. Collect the first specimen from the newborn; 
2. Complete the information requested on the specimen 
collection kit; and 
3. Submit the specimen collection kit to the newborn 
screening laboratory within 24 hours after the specimen 
is collected. 
F. If a home birth is not attended by a health care 
provider and a local or state registrar of vital statistics is 
notified under A.R.S. § 36-322(D), the local or state 
registrar shall inform the health officer of the county 
identified by the address of the newborn’s parent or 
guardian of the birth. 
Historical Note 
Adopted effective November 2, 1979 (Supp. 79-6). 
Section R9-14-503 renumbered from R9-14-514 and 
amended effective June 14, 1990 (Supp. 90-2). 
Amended effective July 10, 1995 (Supp. 95-3). Amended 
by final rulemaking at 7 A.A.R. 4965, effective January 1, 
2002 (Supp. 01-4). 
R9-14-504. Parent or Guardian Education 
A. The Department shall provide written educational 
materials about the newborn screening test to a health 
care facility or health care provider upon request. 
B. An administrator shall ensure that the educational 
materials provided by the Department are given to a 
newborn’s parent or guardian before the newborn is 
discharged. 
C. For a home birth, a health care provider or health 
care provider’s designee shall give the educational 
materials provided by the Department to a newborn’s 
parent or guardian before a first specimen is collected. 

D. A health care provider or health care provider’s 
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designee shall explain the purpose for the newborn 
screening test, as stated in the educational materials, to 
a newborn’s parent or guardian before a specimen is 
collected. 
Historical Note 
Adopted effective November 2, 1979 (Supp. 79-6). 
Section R9-14-504 renumbered from R9-14-515 and 
amended effective June 14, 1990 (Supp. 90-2). 
Amended effective July 10, 1995 (Supp. 95-3). Amended 
by final rulemaking at 7 A.A.R. 4965, effective January 1, 
2002 (Supp. 01-4). 
R9-14-505. Screening Fees 
A person who submits a specimen to the newborn 
screening laboratory shall pay $20.00 for each specimen 
analyzed for all the disorders listed in R9-14-502(A). 
Historical Note 
Adopted by emergency action effective October 27, 
1994, pursuant to A.R.S. § 41-1026, valid for 90 days 
(Supp. 94-4). Adopted again by emergency action 
effective January 25, 1995, valid for 180 days (Supp. 95-
1). Adopted effective July 10, 1995 (Supp. 95-3). 
Amended by final rulemaking at 7 A.A.R. 4965, effective 
January 1, 2002 (Supp. 01-4). 
R9-14-506. Reserved 
R9-14-507. Reserved 
R9-14-508. Reserved 

 
R9-14-509. Reserved 
R9-14-510. Reserved 
R9-14-511. Repealed 
Historical Note 
Adopted effective November 2, 1979 (Supp. 79-6). 
Repealed effective June 14, 1990 (Supp. 90-2) 
R9-14-512. Renumbered 
Historical Note 
Adopted effective November 2, 1979 (Supp. 79-6). 
Section R9-14-512 renumbered to R9-14-501 effective 
June 14, 1990 (Supp. 90-2). 
R9-14-513. Renumbered 
Historical Note 
Adopted effective November 2, 1979 (Supp. 79-6). 
Section R9-14-512 renumbered to R9-14-502 effective 
June 14, 1990 (Supp. 90-2) 
R9-14-514. Renumbered 
Historical Note 
Adopted effective November 2, 1979 (Supp. 79-6). 
Section R9-14-514 renumbered to R9-14-503 effective 
June 14, 1990 (Supp. 90-2). 
R9-14-515. Renumbered 
Historical Note 
Adopted effective November 2, 1979 (Supp. 79-6). 
Section R9-14-515 renumbered to R9-14-504 effective 
June 14, 1990 (Supp. 90-2). 
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Please note:  Colorado’s regulations for the initial newborn screen and the mandated second newborn 
screen are two separate documents; the regulations for the second screen follow those for the first 
screen. 
 

RULES AND REGULATIONS OF THE EXECUTIVE DIRECTOR 
COLORADO DEPARTMENT OF PUBLIC HEALTH AND ENVIRONMENT 

IMPLEMENTATION OF NEWBORN SCREENING 
 
1.1 Under the authority contained in Sections 25-4-801 through 25-4-804 and 25-4-1001 through 25-4-
1006 (not including Section 25-4-1004.7) C.R.S. (1998), the following rules and regulations are 
established. 
 
1.2 Definitions: The following terms, whenever used in or referred to in these regulations, shall have the 
following respective meanings, unless a different meaning clearly appears from the context: 
 
“Department” shall mean the Colorado Department of Public Health and Environment. 
 
“Laboratory” shall mean the Colorado Department of Public Health and Environment Laboratory. 
 
“Initial Newborn Screening Specimen” shall mean specimen collected from a newborn prior to discharge, 
but in all cases within seven days after birth for the purpose of conducting screening tests. 
 
1.3 Procedures 
 
1.3.1 Births in Institutions: The blood specimens of newborns born in institutions and all other specimens 
taken in conformity with the law and these regulations will be sent to the Laboratory for testing. Follow up 
specimens from newborns with positive screening tests will be obtained and tested as necessary for 
proper diagnosis. 
1.3.1.1 The hospital or institution or the chief medical staff officer or other person in charge thereof will 
cause an initial newborn screening specimen to be obtained from every newborn born therein as late as 
possible before discharge, but no later than 72 hours of age except as noted in 1.3.1.3. 
1.3.1.2 The specimen shall consist of capillary blood collected by heel puncture or alternate method 
authorized by the Laboratory, directly upon special blotter paper furnished by the Laboratory. All circles 
shall be saturated with blood from one side of the blotter only. The specimen collector will provide, on the 
provided form, all information requested by the Laboratory. The specimens, after air drying, will be 
forwarded to the Laboratory within 24 hours of collection, or at the earliest opportunity, by first class mail 
or other appropriate means. 
1.3.1.3 Testing of premature and sick newborns: Premature newborns and sick newborns shall be tested 
at 1 week of age, or earlier if one of these defects or disorders is suspected. If the newborn is to receive a 
total exchange transfusion, then the specimen for newborn screening is to be obtained prior to this 
procedure. 
1.3.1 Births Outside Institutions: The physician, nurse midwife, or other health professional attending a 
birth outside a hospital, shall be responsible for the collections and forwarding of the specimen described 
in 1.3.1.2 above. In the absence of a health professional, any other person attending the birth, or in the 
absence of any person so attending, the father or mother, or in the absence of the father and the inability 
of the mother, the person in charge of the premises where the birth occurred shall be responsible. 
1.4 Testing and Reporting: The prescribed tests will be initiated by the Laboratory within 24 hours of 
receipt of the specimen, weekends and holidays excepted. The Laboratory shall report as follows: 
1.4.1 Reports of normal test results will be sent to the submitting agency within seven working days. 
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1.4.2 Abnormal test results will be reported immediately by telephone to the physician of record and to 
designated consultants. In case of inability to identify or locate a physician of record, the abnormal test �
result will be reported to the hospital or submitting agency which originated the specimen, or, if the birth 
did not occur in a health facility, to the father or mother. 
1.4.3 Unsatisfactory specimens or specimens with equivocal results will be reported immediately to the 
submitting agency which originated the specimen with an explanation of the results. The submitting 
agency responsible for the newborn’s care at the time of the report will cause another specimen to be 
forwarded at the appropriate time. 
1.4.4 The submitting agency that originated the specimen shall forward the Newborn Screening results to �
 
the health care provider responsible for the newborn’s care within the time frame of 1.4.1 and 1.4.3 
above. 
1.5 Quality Control and Education 
1.5.1 The Laboratory shall have available for review a written quality assurance program plan covering all 
aspects of laboratory activity. 
1.5.2 The Laboratory shall make available educational materials and training concerning specimen 
collection to all submitting agencies. 
1.6 List of Conditions for Newborn Screening 
1.6.1 The Laboratory shall conduct screening tests for the following conditions: 
1.6.1.1 Phenylketonuria 
1.6.1.2 Congenital Hypothyroidism 
1.6.1.3 Hemoglobinopathies 
1.6.1.4 Galactosemia 
1.6.1.5 Cystic Fibrosis 
1.6.1.6 Biotinidase Deficiency 
1.6.1.7 Congenital Adrenal Hyperplasia 
 
 

RULES AND REGULATIONS OF THE EXECUTIVE DIRECTOR 
COLORADO DEPARTMENT OF PUBLIC HEALTH AND ENVIRONMENT 

IMPLEMENTATION OF SECOND NEWBORN SCREENING 
 

1.1 Under the authority contained in Section 25-4-1004.5(3) C.R.S., the following Rules and Regulations 
are established. 
1.2 Definitions 
“Department” shall mean the Colorado Department of Public Health and Environment. 
 
“Executive Director” shall mean the executive director of the Colorado Department of Public Health and 
Environment. 
 
“Laboratory” shall mean the Colorado Department of Public Health and Environment Laboratory. 
 
“Initial newborn screening specimen” shall mean specimen collected from a newborn prior to discharge, 
but in all cases within seven days after birth for the purpose of conducting screening tests. 
 
“Second newborn screening specimen” shall mean a specimen collected from a newborn between eight 
and 14 days after birth, but in no case less than 72 hours or greater than 30 days after birth, for the 
purpose of conducting screening tests. 
 
1.3 Procedures 
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1.3.1 The parent(s) or other legal guardian(s) of the newborn shall be advised of the necessity of the 
second newborn screening test. 
1.3.1.1 Births in Institutions: It shall be the responsibility of the hospital or institution or the chief medical 
staff officer or other person in charge thereof to advise, verbally and in writing, such as by written 
information made available from the Department, the parent(s) or other legal guardian(s) of the newborn 
that it is necessary to have a second newborn screening test performed. 
1.3.1.2 Births outside Institutions: It shall be the responsibility of the physician, nurse midwife, lay midwife, 
or other health professional attending a birth outside a hospital to advise, verbally and in writing, such as 
by written information made available from the Department, the parent(s) or other legal guardian(s) of the 
newborn, of the necessity of the second newborn screening. 
1.3.2 The attending health care provider shall collect or require the specimen be collected from all 
newborns at the first post partum appointment, but in no case less than 72 hours or greater than 30 days 
after birth. The specimen shall consist of capillary blood collected by heel puncture or alternate method 
authorized by the Laboratory, directly upon special blotter paper furnished by the Laboratory. All circles 
shall be saturated with blood from one side of the blotter only. The specimen collector will provide, on the 
provided form, all information requested by the Laboratory. The specimens, after air drying, shall be 
forwarded to the Laboratory within 24 hours of collection, or at the earliest opportunity, by first class mail 
or other appropriate means. 
1.4 Testing and Reporting: The prescribed tests will be initiated by the Laboratory within 24 hours of 
receipt of the specimen, weekends and holidays excepted. The Laboratory shall report as follows: 
1.4.1 Reports of normal test results will be sent to the submitting agency within seven working days. 
1.4.2 Abnormal test results will be reported immediately by telephone to the physician of record and to 
designated consultants. In case of inability to identify or locate a physician of record, the abnormal test 
result will be reported to the submitting agency which originated the specimen, or, if the birth did not occur 
in a health facility, to the father or mother. 
1.4.3 Unsatisfactory specimens or specimens with equivocal results will be reported immediately to the 
submitting agency which originated the specimen with an explanation of the results. The health care 
provider responsible for the newborn’s care at the time of the report will cause another specimen to be 
forwarded at the appropriate time. 
1.4.4 The submitting agency that originated the specimen shall forward the newborn screening results to 
the health care provider responsible for the newborn’s care. 
1.5 Quality Control and Education 
1.5.1 The Laboratory shall have available for review a written quality assurance program plan covering all 
aspects of testing and reporting second specimens. 
1.5.2 The Laboratory shall make available educational materials and training concerning specimen 
collection to submitting agencies. 
1.6 List of Conditions for Second Newborn Screening 
1.6.1 The Laboratory shall conduct screening tests for the following conditions: 
1.6.4.1.1 Phenylketonuria 
1.6.1.2 Congenital Hypothyroidism 
1.6.1.3 Hemoglobinopathies 
1.6.1.4 Galactosemia 
1.6.1.5 Cystic Fibrosis 
1.6.1.6 Biotinidase Deficiency 
1.6.1.7 Congenital Adrenal Hyperplasia 
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MATERNAL AND CHILD HEALTH 37.57.301 
 Subchapter 3 
 
 Infant Screening Tests and Eye Treatment 
 

37.57.301  DEFINITIONS  (1)  A newborn is an infant under 28 days of life. 
(2)  "Tests for inborn errors of metabolism" include laboratory tests for phenylketonuria, 

galactosemia, congenital hypothyroidism and hemoglobinopathies.  (History:  Sec. 50-19-202, MCA; IMP, 
Sec. 50-19-203, MCA; Eff. 12/31/72; AMD, Eff. 5/6/74; AMD, 1985 MAR p. 1612, Eff. 11/1/85; TRANS, 
from DHES, 2001 MAR p. 398; AMD, 2003 MAR p. 1298, Eff. 7/1/03.) 
 
 Rules 02 and 03 reserved 
 
ADMINISTRATIVE RULES OF MONTANA    6/30/03 37-12635 
 MATERNAL AND CHILD HEALTH 37.57.305 
 

37.57.304  VERY LOW BIRTH WEIGHT (UNDER 1,500 GRAMS) INFANTS:  IN-
HOSPITAL  (1)  If a newborn is of very low birth weight, i.e., under 1,500 grams, a sample of its blood 
must be taken for testing after 24 hours of age and no later than seven days of age, unless medically 
contraindicated, in which case the sample must be taken as soon as the infant©s medical condition 
permits. 

(2)  If the infant is not yet feeding when the initial screening sample is collected, a repeat 
specimen for phenylalanine testing must be taken at least 48 hours following the first ingestion of milk. 

(3)  In the event that the infant stays in the hospital longer than 14 days, a repeat congenital 
hypothyroid screening must be made either at the time of the hospital discharge, if the hospital stay is a 
month or less, or at one month of age if the hospital stay is longer than one month.  (History:  Sec. 50-19-
202, MCA; IMP, Sec. 50-19-203, MCA; Eff. 12/31/72; AMD, Eff. 5/6/74; AMD, 1985 MAR p. 1612, Eff. 
11/1/85; TRANS, from DHES, 2001 MAR p. 398; AMD, 2003 MAR p. 1298, Eff. 7/1/03.) 
 

37.57.305  INFANTS OTHER THAN THOSE WITH VERY LOW BIRTH WEIGHT:  IN 
HOSPITAL  (1)  The hospital or institution wherein newborn care was rendered to a newborn weighing 
1,500 grams or more must take the required specimen: 

(a)  between 24 and 72 hours of age of each newborn; or 
(b)  48 hours following its first ingestion of milk, but not later than the seventh day of life. 
(2)  In the event the newborn is discharged from the facility prior to the third day of life, the blood 

specimen must be taken immediately before discharge and, in addition, if the newborn is discharged 
before it is 24 hours old: 

(a)  another specimen must be taken and submitted to the department©s laboratory between the 
fourth and 14th day of the newborn©s life; and 

(b)  the administrative officer or other person in charge of the hospital or institution caring for 
newborn infants must: 

(i)  explain the reasons why it is of utmost importance to return for these tests; and 
(ii)  ensure that the parent or legal guardian of the newborn signs a statement assuming 

responsibility to cause a specimen to again be taken between the fourth and 14th day of life of the 
newborn and to submit it to the department for testing. 

(3) If taking a specimen on any of the dates cited in (1) and (2) of this rule is medically 
contraindicated, the specimen must be taken as soon as possible thereafter as the medical 
condition of the infant permits. (History:  Sec. 50-19-202, MCA; IMP, Sec. 50-19-203, MCA; Eff. 
12/31/72; AMD, Eff. 5/6/74; AMD, 1985 MAR p. 1612, Eff. 11/1/85; TRANS, from DHES, 2001 
MAR p. 398; AMD, 2003 MAR p. 1537, Eff. 7/1/03.) 
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ADMINISTRATIVE RULES OF MONTANA    6/30/03 37-12639 
 
37.57.306 DEPARTMENT OF PUBLIC HEALTH 
 AND HUMAN SERVICES 
 

37.57.306  TRANSFER OF NEWBORN INFANT  (1)  In the event of transfer of a newborn 
infant to another hospital or other institution, the specimen must be taken and submitted by: 

(a)  the transferring hospital or other institution if transfer occurs on or after the third day of life; 
or 

(b)  the receiving hospital or other institution if the transfer occurs before the third day of life. 
(2)  A hospital or other institution which receives a newborn who has not been previously tested 

must take a specimen for testing and submit it to the department©s laboratory between the fourth and 
seventh day of the newborn©s life, unless taking a specimen is medically contraindicated, in which case 
the specimen must be taken as soon as the medical condition of the infant permits.  (History:  Sec. 50-19-
202, MCA; IMP, Sec. 50-19-203, MCA; Eff. 12/31/72; AMD, Eff. 5/6/74; AMD, 1985 MAR p. 1612, Eff. 
11/1/85; TRANS, from DHES, 2001 MAR p. 398; AMD, 2003 MAR p. 1298, Eff. 7/1/03.) 
 

37.57.307  INFANT BORN OUTSIDE HOSPITAL OR INSTITUTION 
(1)  When an infant has been born outside of a hospital or other institution and has not 

subsequently been admitted to such a facility for initial newborn care, it is the duty of the person required 
in 50-15-201, MCA, to register the birth of that child to cause the blood specimen to be taken not later 
than the seventh day of the child©s life, unless medically contraindicated, in which case it shall be taken as 
soon as the dical condition of the infant permits.  (History:  Sec. 50-19-202, MCA; IMP, Sec. 50-19-203, 
MCA; Eff. 12/31/72; AMD, Eff. 5/6/74; AMD, 1985 MAR p. 1612, Eff. 11/1/85; TRANS, from DHES, 2001 
MAR p. 398; AMD, 2003 MAR p. 1298, Eff. 7/1/03.) 
 
 
37-12640   6/30/03 ADMINISTRATIVE RULES OF MONTANA 
 
 MATERNAL AND CHILD HEALTH 37.57.308 
 

37.57.308  NEWBORN EYE TREATMENT  (1)  A physician, nurse-midwife, or any other 
person who assists at the birth of any infant must, within the time limit stated in (3) below, instill or have 
instilled into each conjunctival sac of the newborn one of the following: 

(a)  erythromycin (0.5%) ophthalmic ointment or drops from single-use tubes or ampules; 
(b)  tetracycline (1%) ophthalmic ointment or drops from single-use tubes or ampules; or 
(c)  silver nitrate solution (1%) in single-dose ampules. 
(2)  A prophylactic agent referred to in (1) above may not be flushed from a newborn©s eyes 

after instillation. 
(3)  The prophylactic agent must be administered to a newborn within one hour after its birth 

unless it is physically impossible to obtain the agent within that time, in which case the agent must be 
administered as soon as possible.  (History: Sec. 50-1-202, MCA; IMP, Sec. 50-1-202, MCA; NEW, 1987 
MAR p. 2147, Eff. 11/28/87; TRANS, from DHES, 2001 MAR p. 398.) 
 
 Rules 09 through 14 reserved 
 

NEXT PAGE IS 37-12649 
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ADMINISTRATIVE RULES OF MONTANA    3/31/01 37-12641 
 MATERNAL AND CHILD HEALTH 37.57.316 
 

37.57.315  TRANSFUSION:  WHEN SPECIMEN TAKEN  (1)  If a newborn needs a 
transfusion, blood specimens for the tests required by this subchapter must be taken before the 
transfusion takes place.  (History:  Sec. 50-19-202, MCA; IMP, Sec. 50-19-203, MCA; NEW, 1985 MAR p. 
1612, Eff. 11/1/85; TRANS, from DHES, 2001 MAR p. 398; AMD, 2003 MAR p. 1298, Eff. 7/1/03.) 
 

37.57.316  ABNORMAL TEST RESULT  (1)  If an initial test result on an infant©s blood 
specimen is outside the expected or normal range: 

(a)  the department will report that fact within 24 hours of test completion to the attending 
physician or midwife, or, if there is none or the physician or midwife is unknown, to the person who 
registered the infant©s birth; 

(b)  the individual to whom the above report is made must ensure that a second blood specimen 
is taken within 24 hours of notification and submitted to the department for a second test. 

(2)  If the second test result is outside the expected or normal range: 
(a)  the department will provide the test results within 24 hours of test completion to the same 

person to whom the initial results were reported; 
(b)  that person must ensure that a serum specimen from the infant is immediately sent either to 

the department or to another approved laboratory qualified to perform quantitative analysis for the 
substance in question; 

(c)  if the specimen is sent to a laboratory other than the department©s, the person who submits 
it must send the department a copy of the analysis report for the specimen within 24 hours after receiving 
the report. 

(3)  An approved laboratory includes any state or territorial health department laboratory and 
any laboratory within their jurisdictions which is approved by them, a U.S. public health service laboratory, 
a laboratory operated by the U.S. armed forces or veteran©s administration, a Canadian provincial public 
health laboratory, and any laboratory licensed under the provisions of the Clinical Laboratories 
Improvement Act of 1967, as amended.  (History:  Sec. 50-19-202, MCA; IMP, Sec. 50-19-203, MCA; Eff. 
12/31/72; AMD, Eff. 5/6/74; AMD, 1985 MAR p. 1612, Eff. 11/1/85; TRANS, from DHES, 2001 MAR p. 
398; AMD, 2003 MAR p. 1298, Eff. 7/1/03.) 
 
 Rules 17 through 19 reserved 
 

NEXT PAGE IS 37-12655 
ADMINISTRATIVE RULES OF MONTANA    6/30/03 37-12649 
 MATERNAL AND CHILD HEALTH 37.57.321 
 

37.57.320  RESPONSIBILITIES OF REGISTRAR OF BIRTH:  ADMINISTRATOR OF 
HOSPITAL  (1)  Each person in charge of any facility in which a newborn is cared for must: 

(a)  Ensure that a blood specimen is taken from each infant cared for by the facility, on the 
schedule noted in the rules in this subchapter, for the purpose of performing tests for inborn errors of 
metabolism. 

(b)  Be certain, prior to the discharge of the infant, that the specimen to be forwarded to the 
laboratory is adequate for testing purposes. 

(c)  Within 24 hours after the taking of the specimen, cause such specimen to be forwarded to the 
department©s laboratory by first class mail or its equivalent. 

(d)  Record on the infant©s chart the date of taking of the test specimen and the results of the tests 
performed when reported by the department. 
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(2)  Each person who is responsible, pursuant to 50-15-201, MCA, for registering the birth of a 

newborn must ensure that: 
(a)  A blood specimen is taken from the infant for which that person is responsible, on the 

schedule noted in the rules in this subchapter. 
(b)  Ensure that the specimen is adequate for testing for inborn errors of metabolism. 
(c)  Ensure that the specimen is forwarded to the department©s laboratory, by first class mail or its 

equivalent, within 24 hours after the specimen is taken. 
(d)  Record on the newborn©s chart, if any, the date the test specimen was taken and the results 

of the tests performed when reported by the department.  (History:  Sec. 50-19-202, MCA; IMP, Sec. 50-
19-203, MCA; Eff. 12/31/72; AMD, Eff. 5/6/74;  AMD, 1985 MAR p. 1612, Eff. 11/1/85; TRANS, from DHES, 
2001 MAR p. 398.) 
 

37.57.321  STATE LABORATORY:  RESPONSIBILITY FOR TESTS 
(1)  Only those laboratory tests for inborn errors of metabolism which are performed by the 

department laboratory or, in the case described in ARM 37.57.316, a laboratory approved by the 
department, meet the requirements of 50-19-201, 50-19-202, 50-19-203 and 50-19-204, MCA.  (History:  
Sec. 50-19-202, MCA; IMP, Sec. 50-19-203, MCA; Eff. 12/31/72; AMD, Eff. 5/6/74; AMD, 1985 MAR p. 
1612, Eff. 11/1/85; TRANS, from DHES, 2001 MAR p. 398; AMD, 2003 MAR p. 1298, Eff. 7/1/03.) 
 
 Subchapters 4 through 9 reserved 
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APPENDIX B 
 
 

HOW TO CONTACT YOUR STATE’ S  
 

NEWBORN HEARING SCREENING PROGRAM 
 

 
 
Arizona:  Arizona Department of Health Services 

Office of Women’ s and Children’ s Health  
Chris Gonsalves, Newborn Hearing Screening Data Manager 
602-364-1475 

 
Colorado:  Colorado Department of Public Health and Environment 

Health Care Program for Children with Special Needs 
303-692-2370  

 
Montana:  Jan Baker 
    Newborn Screening Program Manager 
    406-444-6858 
    jabaker@state.mt.us 

 
 
New Mexico: Hear Early 

New Mexico Department of Health 
Children’ s Medical Services 
Call toll-free 1-877-890-4692 (or 505-827-2549) 

 
 
Utah:   Utah Department of Health 

Children with Special Health Care Needs 
Hearing, Speech, and Vision Services 
801-584-8215 

 
Wyoming: Nancy Pajak 
    307-721-6212 
    NPAJAK@Wyoming.com 
 

 


